1 Animal models and therapeutic molecules Background The present invention relates inter alia to
non-human animals and cells that are engineered to contain exogenous DNA, such as human
immunoglobulin gene DNA, their use in medicine apd the study of disease, methods for production of
non human animals and cells, and antibodies and antibody chains produced by such animals and

derivatives thereof. In order to gesarainRbiesRiblagrspalihymaiaing antibodies a number of
companies set out to generate mice with human immune systems. The strategy used was to knockout

the heavy and light chain loci in ES cells and complement these genetic lesions with transgenes
designed t§%3§ﬂ'€é'§‘?ne human heavy and light chain genes. Although fully human antibodies could be
generated, these models have several major limitations: (i) The size of the heavy and light chain loci
(each seveldf M5 LB SRR EELSI iﬁ’t?otadt"é‘f?’r@éﬂtﬂ’éni‘é‘ﬁ it B ThBTFSIREEe R it the
transgenic $iridgrexovereds hhasyehyelritedépeciobagiobliiv-gegtoRNATibet ofehe wedisia;erdgions
were missing sindyiaTRadasy, thstacd SBNaBEetHeMPRSWErahahifnalsided daishentransgeinesard0 The very
low eﬁiciewi@(jog%ﬂgﬁ%t' gdmgdq;}g&gﬁsaqﬁ%gr}ﬁ%ed@ﬁlgﬁ\%% ang.the complexity and time required to

cross each of these into the heavy and light chain knockout strains and make them homozygous
again, restrictedethe grirabendfrizansigemicdimemantiitly eotitdddirs amalpbeddiorooptamied estfpretssion. OD

Individual atibrely aliniigsHaralvireasied hase whichrseyidubeiahiaineddsret HastiopaH@ansgenic)
animals. V\/I§§807117410 '§cIoEeS gpima ric cqqﬁg'sucts ;g{ice?églroensssmgl (Ehimaeric %Qtibrgéj(jq(s).

ham Ioci'In cells, an omplemen ransgenes |
W02010038900 GiScloses knock in cells and mamma sgﬁavmg a genome engoalng chimaeric
9

antibodies SfPESSrESe At AT AT FBUIERE chidtar $angsa AYBIOXEE fBIMHEgRMEriReMSh FrItRfman
mammals gfegrttsddibssthaddasipris s draimeypi dimitatialide region, and further provides non-human
animal models for the generation of such antibodies. Summary of the Invention

(i) The size of the heavy and light chain loci (each several Mb) made it impossible to introduce

the entire loci into these models. As a result the transgenic lines recovered had a very limited
repertoire of V-regions, most of the constant regions were missing and important distant

enhancer regions were not included in the transgenes.

(i) The very low efficiency of generating the large insert transgenic lines and the complexity and
time required to cross each of these into the heavy and light chain knockout strains and make
them homozygous again, restricted the number of transgenic lines which could be analysed for

optimal expression.

(iii) Individual antibody affinities rarely reached those which could be obtained from intact (non-

transgenic) animals.
WQ02007117410 discloses chimaeric constructs for expressing chimaeric antibodies.

WQ02010039900 discloses knock in cells and mammals having a genome encoding chimaeric

antibodies.

The present invention provides, inter alia, a process for the generation in non-human mammals of
antibodies that comprise a human Ig variable region, and further provides non-human animal

models for the generation of such antibodies.
Summary of the Invention

In one aspect the invention relates to a non-human mammal whose genome comprises:

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region; and



In one aspect the invention relates to a non-human mammal whose genome comprises: 2
(b)optionally one or more human Ig light chain kappa V regions and one or more human Ig light chain
kappa J regions upstream of the host non-human mammal kappa constant region and/or one or more
human Ig light chain lambda V regions and one or more human Ig light chain lambda J regions

upstream of the hgst nonryhidman snammaliiarvata teNgtachapoappyhergiRibampbnbwnagrenammal is
able to progdiyce 16 ?gﬁ‘{ QIR %Sﬁ‘ém?@g’f&é‘”EQ&?QA%SoHB&‘MQﬁ%Ch'&%OM%\AYk%‘aﬁﬁ“éoﬂ?a\ﬂpg a

non-human mammal constant region and a human variable region. In one aspect the invention relates

to non-huniSHIMAMREPNERE LB B lgdripriaag lambdgqy ?%ﬂﬁ‘rsaﬂf&‘? 8??18?1‘?5’69@”156?{1 9 kappa v
regions andheindanthemdedginmraupilydrihotihaihoghppahimegivas mpkireada ofnbiarozgieron-human
mammal kappa constant region and/or a plurality of human Ig light chain lambda V regions and one or
more humarheeiiyHechairhiaraboaainred)idh s ipdoraeduse taererssre refhehirasinanihedirsmeida
constant regiiatseaddight or (rhéaopt&mamlsly v @ ramoFEnDETA MAEHThA EOaLeNS, reflenoart el élthenan D
regions angagggéjlrewe human J regions upstream of the host non-human mammal constant region;
wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies, or chimaeric
light or heavy chains, having a non-human mammal constant region and a human variable region. In
one aspect the invention relates to non-human mammalian cell whose genome comprises (@ a

plurality of pumagsakl Md GHaRSn P88y tmr%ﬁ-mﬁﬂﬁﬂq%rﬁﬁ'%és@@@r@ﬂ% QbR UMan J regions
upstream of the host non-human mammal constant region and

(a) a plurality of human Ig light chain kappa V regions and one or more human Ig
light chain kappa J regions upstream of the host non-human mammal kappa constant region
and/or a plurality of human Ig light chain lambda V regions and one or more human Ig light chain

lambda J regions upstream of the host non-human mammal lambda constant region; and

(b) optionally one or more human IgH V regions, one or more human D regions and

one or more human J regions upstream of the host non-human mammal constant region;

wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies, or
chimaeric light or heavy chains, having a non-human mammal constant region and a human

variable region.

In one aspect the invention relates to non-human mammalian cell whose genome comprises

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region and

(b) optionally one or more human Ig light chain kappa V regions and one or more
human Ig light chain kappa J regions upstream of the host non-human mammal kappa constant
region and/or one or more human lg light chain lambda V regions and one or more human Ig light

chain lambda J regions upstream of the host non-human mammal lambda constant region.

In one aspect the invention relates to a non-human mammalian cell whose genome comprises

(a) a plurality of human Ig light chain kappa V regions and one or more human Ig
light chain kappa J regions upstream of the host non-human mammal kappa constant region
and/or a plurality of human Ig light chain lambda V regions and one or more human Ig light chain

lambda J regions upstream of the host non-human mammal lambda constant region; and



(b) optionally one or more human Ig light chain kappa V regions and one or more human Ig light chain
kappa J regions upstream of the host non-human mammal kappa constant region and/or one or more
human Ig light chain lambda V regions and one or giore human Ig light chain lambda J regions

upstream of the host non-human mammal lambda constant region. In one aspect the invention relates

to a non-human mgmmadiaReal ROsenea ARG EMRPYIRRSoR) M WihbrOhanan igiighbedain kappa
V regions and One X IS, 'JHQ&%’AJ%A@J&Eﬁ%ﬁ&'%ﬁ@&%&nfﬁ%%ﬂ%n‘é%%‘?%ﬂs‘?éM‘%@&?t non-human

mammal kappa constant region and/or a plurality of human Ig light chain lambda V régions and one or
more human Ig light chain lambda J regions upstream of the host non-human mammal lambda
constant region; and S (b)optionally one or more human IgH V regions, one or more human D regions

and one onmoreALMAN.d RIIRDSHASHEARL & 1A P PrUHLAN IMBMAAFCRNBNRMERHA: In &

further aspect the invention relates to a method forI r?ducmg a n%n-humﬁagn c«?ll or mammal comprising
inserting inf8 P RIRCHA ARSI AR CEM R IMBAL R PELT S L8R JLRBIHE. 9°"°ME4) a plurality of
human IgH V reglgans, one or more human D regions and one or m?]re hurBan J reglogsng%trream of

fh lgH .
the host non-hum&h maMRaifcendtan raenglgn; and o> O(Tﬁ 8rp ioha )L}"c])anne of THore Aliman Ig light

chain kappRYerBigTsis’ &HPenErsieABY el Hishas N9 IGHINERAIATRABIR T IEYiGE N o eam of the host
non-human mammal kappa constant region and/or one or more human Ig light chain lambda V regions
and one or more iman I8tRGRIYCPRArPIARARI AUMRSYIB S SERBARPER thECHIEE RHA-PIMPAMAE@mmal
lambda cohsteant retighheheispeptiaelyegions tipstiese rbidhebi@signsudiurtizat aenmahkbppa aarsgihor
mammal isrghi I PP EHEBr kSR BALS 19TiShIRIRRTN ISR gD MAYIA B P Ak MaRARMyhel
constant regign and a-hyman vriable realons wherein steps.fa) and (b) can e carfied autin either
order and €ach (? slteps (a Bna (163 can be carried out In a stepwise manner or as a smgPe step.
respeclively,

the insertion being such that the non-human cell or mammal is able to produce a
repertoire of chimaeric antibodies having a non-human mammal constant region and a human
variable region, wherein steps (a) and (b) can be carried out in either order and each of steps (a)

and (b) can be carried out in a stepwise manner or as a single step.

Insertion may be by homologous recombination.

In a further aspect the invention relates to a method for producing an antibody or antibody chain
specific to a desired antigen the method comprising immunizing a transgenic non-human
mammal as disclosed herein with the desired antigen and recovering the antibody or antibody
chain.

In a further aspect the invention relates to a method for producing a fully humanised antibody
comprising immunizing a transgenic non-human mammal as disclosed herein with the desired
antigen, recovering the antibody or cells producing the antibody and then replacing the non-
human mammal constant region with a human constant region, for example by protein or DNA

engineering.

In a further aspect the invention relates to humanised antibodies and antibody chains produced
according to the present invention, both in chimaeric (for example, mouse-human) and fully
humanised form, as well as fragments and derivatives of said antibodies and chains, and use of

said antibodies, chains and fragments in medicine, including diagnosis.

In a further aspect the invention relates to use of a non-human mammal as described herein as a

model for the testing of drugs and vaccines.



Insertion may be by homologous recombination. In a further aspect the invention relates to a method
for producing an antibody or antibody chain specific to a desired antigen the method comprising
immunizing a transgenic non-human mammal as digclosed herein with the desired antigen and
recovering the antibody or antibody chain. In a further aspect the invention relates to a method for
producing a fully humanised antibody comprising immunizing a transgenic non-human mammal as
disclosed herein with the desired antigen, recovering the antibody or cells producing the antibody and
then replaagmghitee nonhuman mammal constant region with a human constant region, for example by
protein or DNA engineering. In a further aspect the invention relates to humanised antibodies and
antibody clrjosprodsiercheacasehng: tordbesp resmeéivrest i seletbf inuahinBers iforexansple,
mouse-humgap) and fully humanised form, as well as fragments and derivatives of said antibodies and
chains, and use of said antibodies, chains and fragments in medicine, including diagnosis. 4 Figures

Figures 1 -gf,5haw andiaralvie RERCESSIMHe PREELORIG A SEHeS A IR RS PANLRR mouse Ig locus.

Figures 9- 18 show in more detail the process of figures 1-8 for the IgH and kappa locus Figures 19

and 20 showythe RERGIPIRSRERIRE SHERRDLERNE LB NGEhLTAGHR RHsRdnlgMI& 21 shows a possible
insertion site for the human DNA in a mouse chromosome. Figures 22 - 26 disclose an alternative

iterative preeRes fLHISRHABsgbR FRURRPLIRUBME Rivheh IDIRG AR SHRRM S oRigUre 27 - 29
illustrate a mechanism for inversion of the host VDJ region Figure 30 illustrates proof of principle for

insertion ofyMasid HeiagcRRSUM GiARN® RGBT Griee Sl fBlusiEnies sravaialiRMR BATegration
into Landlqgtg)ggnouse Ig locus.

Figure 27 — 29 illustrate a mechanism for inversion of the host VDJ region

Figure 30 illustrates proof of principle for insertion of a plasmid using an RMCE approach.
Figure 31 illustrates sequential RMCE — Integration into Landing Pad

Figure 32 illustrates confirmation of Successful Insertion into Landing Pad

Figure 33 illustrates PCR Confirmation of 3° End Curing

Figure 34 illustrates insertion of BAC#1 and PCR Diagnostics

General Description

All nucleotide coordinates for the mouse are from NCBI m37, Aprii 2007 ENSEMBL
Release 55.37h for the mouse C57BL/6J strain. Human nucleotides are from GRCh37, Feb 2009
ENSEMBL Release 55.37 and rat from RGSC 3.4 Dec 2004 ENSEMBL release 55.34w.

In the present invention we disclose methods for the construction of chimaeric human heavy and
light chain loci in a non-human mammal, for example a mouse. Reference to work in mice herein
is by way of example only, and reference to mice is taken to include reference to all non-human
mammals unless otherwise apparent from the disclosure, with mice being preferred as the non-

human mammal.

In one aspect the invention relates to a non-human mammal whose genome comprises:

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region; and

(b) optionally one or more human Ig light chain kappa V regions and one or more

human Ig light chain kappa J regions upstream of the host non-human mammal kappa constant



Figure 32 illustrates confirmation of Successful Insertion into Landing Pad Figure 33 illustrates PCR
Confirmation of 3' End Curing Figure 34 illustrates insertion of BAC#1 and PCR Diagnostics General
Description All nucleotide coordinates for the mousg are from NCB! m37, April 2007 ENSEMBL
Release 55.37h for the mouse C57BL/6J strain. Human nucleotides are from GROh37, Feb 2009

ENSEMBLRpnane/o%rd antbréhiiaan i§Ghtchath BendP04EbaMBdelanse hbratvyg ligHhe present
invention W‘%é?ﬁ%‘a‘l%?&?a ES%JSJJ&L% ‘?’Pf%%%tﬂ%norﬁLﬁﬁéW%%Fh‘?nQHHF%Q‘é%{aﬂP%éﬁgﬁt chain loci in a

non-human mammal, for examp e a mouse. Reference to work in mice herein Is by way of example

only, and r@fr‘?err%ﬂwc%oJ&%Iﬁa@‘?ﬁ%dﬁé%@er%%%&% Qaarjé&% QUHF% MARMa|RouplesgLtherwise

apparent from the disclosure, with mice b referred as the nonhuman mammal. In one aspect the
invention rsfat%sd&%awaﬁawm%aﬁ%gwal 2 guRtideanpraduman VaireaiEtafy of human IgH

V regions, one_or more human D regions and one or more human i’?’ﬁ |ons stream of the host

non- humaﬁ'}ﬁéﬁﬂ?éﬁé%%céttgﬁﬂve@% "gitps toa ﬂ?? Sﬁﬂlgﬁm% ors N §ﬂ"f8rﬁ§ﬁt chain kappa

V regions and one or more human | hai Jregipns u stre m of the host non-human
mammal kappa c2r$ tanf’ gllfrea | nfafid]?oroF gggtr Crﬁ(g)fgﬁlﬁpr?an rI((f’gghgpﬁt c%alnﬁé)r%]&raeiur@apqrés and one
or more hu¥aBnciifgFRPERal T ‘Fal?fﬁdboﬁt?%ﬂjibﬁfstb‘bwga'i‘ﬁ’b'ﬂ%ﬁ@mm-h@ﬁﬂ%ﬁ%ﬁﬂmﬁgl%ﬁnbda
constant regidinatpdreiitythhnmiadigriign ehaimienstids slégitogpaodooe @ nepetiomearolgdigimeteric

antibodies @8R40y FRARNRLAVIBNR ROG-HRARAABMALAARBIRNIFRRN &Jish aahyman variable
region.

(b) optionally one or more human IgH V regions, one or more human D regions and

one or more human J regions upstream of the host non-human mammal constant;

wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies having a

non-human mammal constant region and a human variable region.

Optionally the non-human mammal genome is modified to prevent expression of fully host-

species specific antibodies.

In one aspect the inserted human DNA comprises at least 50% of the human heavy chain
variable (V) genes, such as at least 60%, at least 70%, at least 80%, at least 90%, and in one

aspect all of the human V genes.

In one aspect the inserted human DNA comprises at least 50% of the human heavy chain
diversity (D) genes, such as at least 60%, at least 70%, at least 80%, at least 90%, and in one

aspect all of the human D genes.

In one aspect the inserted human DNA comprises at least 50% of the human heavy chain joining
(J) genes, such as at least 60%, at least 70%, at least 80%, at least 90%, and in one aspect all of

the human J genes.

In one aspect the inserted human DNA comprises at least 50% of the human light chain Variable
(V) genes, such as at least 60%, at least 70%, at least 80%, at least 90%, and in one aspect all of

the human light chain V genes.

In one aspect the inserted human DNA comprises at least 50% of the human light chain joining
(J) genes, such as at least 60%, at least 70%, at least 80%, at least 90%, and in one aspect all of

the human light chain J genes.

The inserted human genes may be derived from the same individual or different individuals, or be

synthetic or represent human consensus sequences.



In a further aspect the invention relates to a non-human mammal whose genome comprises: (@ a
plurality of human Ig light chain kappa V regions and one or more human Ig light chain kappa J
regions upstream of the host non-human mammal kappa constant region and/or a plurality of human

Ig light chain lambda V regions and one or more human Ig light chain lambda J regions upstream of

the host nondsigameampabRMbaacoRgiBRS IegitabBNRween hplinMaAtY M) BHBIREEBUMaN IgH
Vregions, 91'&%OJréné’orr?siGgJQé‘Eb%J%'%@?H%%&ﬁ&f E‘PE?JM”%‘EI‘E &Fﬁ@?ﬂ%h‘é%%&%%gfnﬁ%_hOSt

non-human mammal constant; wherein the non-human mammal is able to proauce a repertoire of

chimaeric SHBBHESPEAAAG 2-HERIRANLIT FARRMIANORE AT AJIYRANY $EATHAAN ¥ A951% PAgion.
Optionally thelambdh lighaphaiaFenelvaeatshicaismdaifieaoticpaveéhtrésgitienssion of fully host-species
specific antibodies. In one aspect the inserted human DNA comprises at least 50% of the human
heavy chaim vasasie(Mhgdneandueinashainl ¢ass GiXkt et idashe 686;tatleasidd9s) etriedst 8%, and in

one aspect@lkgidhrs-ounmamah gepesmdln r‘é&i%r@,s%%tmﬂ@@@ﬁ%@mﬁmdﬁ&lé{ ﬁﬂﬂheéiﬁ%ﬁt%ti?as'f 50%
of the hum%r(]e he%\ﬁ/ ,%Q,ﬁ‘in diver§it glé)t;ﬁenes such as aE Iﬁ%%ﬁc?n%%chat Ieezﬁgtg ‘go at least 80%, at
e

least 90%, and'in one asﬁngé?rgﬂ of the urrﬁglqurB alé%]eshﬁn one aspec{ & Insen (ﬁjlﬁarﬁ‘% IE?NA

comprises BfPRYSEH SR HIHRAR MRARECARINIMWGRD)eerael conrtieak aokisst U140t least
70%, at ledstBBUchatéodsiz90ebanrgd netoneatspest rafboédie heraiaastigemesarigbinélelspgionthe
inserted huR@BRADHEODNNi8eS atigast gB%nad the thwari Hebchains Kasiaiilg fvhaengsasych as at
least 60%, ALIeASLT06 BIIRRSLE0H, aLleasiA0N.Ad ons Aspect all of (he Rumandighchain V
genes. In one aspect the |nse¥tedc'?'1uman BRY comprises at edst 8570 of the human Iig?]t% ain joining
(J) genes, STRIA 5°eR 14350 60T ST (6 10 S4BPBIM At IRREE DA HAGIAS RIS all of the
human ligharshdireglogeed.s@tably also the associated introns of the human genome. Reference to the

human Ig light chain lambda V and J regions herein refers to human DNA comprising all the

exons encoding V and J regions and suitably also the associated introns of the human genome.

Human variable regions are suitably inserted upstream of non-human mammal constant region,
the latter comprising all of the DNA required to encode the full constant region or a sufficient
portion of the constant region to allow the formation of an effective chimaeric antibody capable of

specifically recognising an antigen.

In one aspect the chimaeric antibodies or antibody chains have a part of a host constant region
sufficient to provide one or more effector functions seen in antibodies occurring naturally in a host

mammal, for example that they are able interact with Fc receptors, and/or bind to complement.

Reference to a chimaeric antibody or antibody chain having a host non mammal constant region
herein therefore is not limited to the complete constant region but also includes chimaeric
antibodies or chains which have all of the host constant region, or a part thereof sufficient io
provide one or more effector funclions. This also applies to non human mammals and cells and
methods of the invention in which human variable region DNA may be inserted into the host
genome such that it forms a chimaeric antibody chain with all or part of a host constant region. In

one aspect the whole of a host constant region is operably linked to human variable region DNA.

The host non-human mammal constant region herein is preferably the endogenous host wild-type
constant region located at the wild type locus, as appropriate for the heavy or light chain. For
example, the human heavy chain DNA is suitably inserted on mouse chromosome 12, suitably

adjacent the mouse heavy chain constant region.

In one aspect the insertion of the human DNA, such as the human VDJ region is targeted to the
region between the J4 exon and the Cy locus in the mouse genome IgH locus, and in one aspect
is inserted between coordinates 114,667,090 and 114,665,190, suitably at coordinate

114,667,091. In one aspect the insertion of the human DNA, such as the human light chain



Although the number of V D and J regions is variable between human individuals, in one aspect there
are considered to be 51 human V genes, 27 D and 6 J genes on the heavy chain, 40 human V genes
and 5 J genes on the kappa light chain and 29 human V genes and 4 J genes on the lambda light
chain (Janeway and Travers, Immunobiology, Third edition) In one aspect the human heavy chain

locus inseriggpate Ihe nergiii ardnasuEel Geskrissie sl Ubtrpeitaiseraihbleeam §7J3gntddegions,
which in th?ogr@%%?ﬁ‘? i3y e ienal R ReaeMe Nt IR A6 AQR AN MAMMALoRsiaLtdqaions such

that functional chimaeric antibodies can'be produced between the human variable and non-human
mammal cGASHRTAEGIBRLO This total inserted human heavy chain genetic material is referred to herein
as the human IgH VDJ region, and comprises DNA from a human genome that encodes all the exons
encoding hureaé dédecaid heeriisuane stably alastdherasisn ehntRehing ans chinadatuntietekence to
the huma”&J'Qgta‘%%ﬁeﬁ’rp%’na&%obéﬁ&u@?éh?&ﬁ%%ﬁ%f%%@ hATgA0 BM@M&%@Q@WG exons

encoding V_and J regions and suitably also the associated introns of the human genome. Reference to
the human 1) NgHHeLHRSI T B \PAHe )V RGRoNS ﬁ??r'gmsré?é’r’s”ﬁ%?ﬁﬁésﬁrﬁﬂlﬂt%&ﬁm&H&"éﬂpthe exons
encoding \Seing Rgiots arir istaisiinglideothéhalssbiiateaturatoresfing Mraviaardenbemesteiiman
variable regigias. arresitaelyonsare@d digstiegbaoins el umamengsnongl, consisirbiegiomiihadatter
comprisingall of dhe: QNI RANERA FRLRLPH 18 W CORRAPLIRHOR R Elh%%’ﬁ'?s!qr?%ﬁéﬂ&mgf the

constant region to allow the formation of an effective chimaeric antibod ble of specifically
recognising AN SANGEA R BRE ULRL L TRR G AT HE A SBNRSF SRt da‘if éﬁé{?ﬁé"ﬁ 55’%%?£rt of a
host const&fil bedgitdusstticient to provide one or more effector functions seen in antibodies occurring
naturally in a host mammal, for example that they are able interact with Fc receptors, and/or bind to
complemetit. Refépepeietie AUtimAMciantisssy ok Histipetageteam MRelingddmRestansiath&raietal constant
region heredaciae raftbrewiingidilitadbévtiza tempieterctastagiregiothbhibsts@inebictes chimaeric
antibodies or chains which have all of the host constant region, or a part thereof sufficient to provide
one or moreefffentetdunetionsf Fieisagideappivesipetream oiithanomammaasaandat edisstantiregétinods of the

invention inqadHghhbumagiyariafieiseaian Odkadsa bR tserahiyischenbasi-asremesHsadhat it forms

a chrmaerro anltr C{HX \ohrgrir)] wrt all Qr rt of a ho tcoans ant re |on Ig o(prearqts[p ct haonv%hole of a host

constant region Is opera edoto h°9%¥?a°é“re ion DNA. The host non-Ruman mammal
constant reBi81s HRFEIR3s p-rré‘fé’atﬂﬁl m@rﬁdﬁ‘ﬂj@%wﬁo@?%ﬂ@iﬁ?@%@ﬁs@ﬁ?%ﬁbw |5Estionzat the wild
type locus,casmgeprepndtedor dhettiee fonaotitaghitocbatibo@orheiapnplestibte human heavy chain DNA is
suitably inserted on mouse chromosome 12, suitably adjacent the mouse heavy chain constant region.
In one aspétotha@snsdrtienneétie Muma BDNA caprifiead thndexn@asvOyittediitanes tagyetedtéotthe region
between thegléhe X iRdsdigpe BviensgiN Merd Ype-0RBYREsIgidhiag Readtifegiif: aFRRRIVE inserted

between C(?r%ﬁ% QIR RS ﬁﬂgaﬁﬁ Vet & F@rPtm\t 89%9'?&%% L8R0LME is!thone aspect

the insertion o uman D e human light chain 7 kappa VJ is targeted into mouse
chromosoﬁféeé%éﬂ%éﬁ’@o%?%?@é“f@'@fﬁ%wrﬁdﬂ ”fb”@?% fgﬁ?,a%ﬂﬁfﬁ(}"}& IS b PR, 734, or

an equivalemitghisgtion in the lambda mouse locus on chromosome 16 In one aspect the host

non- humarkma mal cobnsta% r—ig%ron for flormin p %hrmaerro antj may be at a drfferent (non
ained oV ?Pﬁguc [o]¢]] US% rart mo ere o uma{horlﬁ
endogenous3 chromosomarlocus, IS Case the Ihserted human , suchas Uman variable

VDJ or VJ ?é@ndﬂ(@))?ﬁéﬁqﬁ%wrﬁ@ e &RBIRRRS m%%@m%@m%@%a@ﬂmléﬁ {eagt8anct from
that of the néderalbd amcu Bipglh eaducindighilyc bnstamtardigogiies] livelimitisl adinstgnaffiagien ravaly be
inserted in%é&%@&!ﬁ&f%ﬁﬁ@b&”?%@%&ﬂﬁ% thEnIeRaEN encH- FarlERR L NFRmOSAB ARG S t :lhe
native pOSItIO ch that it unctional arran ementWt the an Varla e re ch that
Chimaos St Th MRS IR SRRV A R TR cortea

at the enddgBHguETRRR VG- R L e StartYESon TGE%téEFa?'@ﬁé"WﬂoC&V?)@'I’GEE?S etiviarethE host
constant regidmtamgpidrertutsion Bl reggotinn of high affinity antibodies are compromised.

In contrast, in the present invention, host non-human mammal constant regions are maintained
and it is preferred that at least one non-human mammal enhancer or other control sequence,
such as a switch region, is maintained in functional arrangement with the non-human mammal
constant region, such that the effect of the enhancer or other control sequence, as seen in the

host mammal, is exerted in whole or in part in the transgenic animal.

This approach above is designed to allow the full diversity of the human locus to be sampled, to

allow the same high expression levels that would be achieved by non-human mammal control



Reference to location of the variable region upstream of the non human mammal constant region
means that there is a suitable relative location of the two antibody portions, variable and constant, to
allow the variable and constant regions to form a cilimaeric antibody or antibody chain in vivo in the
mammal. Thus, the inserted human DNA and host constant region are in functional arrangement with
one anotheycipeAtdiady: el asHHaAEM eI Rreduction. Jgremaprpeet BiesinsertahnprRasiNA is

capable of feing eXRIESSEH IR IIBRISRLRRS W&%&%ﬂﬁ (S9SN AR A REFWiieRINg. In one
aspect isotype switching does not require or involve trans switching. Insertion of the human variable
region DN,%ont e same chromosome as th% releFlvant ost consF nt. requn means that therg IS no

avi Suc enome wou Luce chnimaeri S uman variabl
need for trans- swn{chlng prod%ge |so?ype SWte ing. As exp alne8 a%ove {h ransgenlc AlSci used for

the prior arfABHERVRFIEBRIRATAFOIGIANIH DY ERRSS RPHbRR ©Rdhs Wﬁ@ﬁ'%ﬁ% fParRsgBREsMBre able to
complememnictiegretenseMaeages ththait tive efficecprgdbesddBircadisc pruthadierydelly belasapsaedipodies,
individual gpthodyaffinitiss rarely reached those which could be obtained from intact (non-transgenic)
animals. The principal reason for this an addition to repertoire and expression levels described above)
is the fact that the control elements of the locus are human. Thus, the signalling components, for
instance to'"AEHGAPH Y- ATt RAY 'QE'Ié@x’oﬁ%‘f’h?@ﬂ“%rfﬁ?ﬁty”agﬁiﬁﬂiﬁ?e@”af@[%'ﬁib%'rﬁf%ﬂ In
contrast, invHe gnedesgionyentioremestgeertenvesfromamimalaoonstant regions are maintained and it is
preferred that at least one non-human mammal enhancer or other control sequence, such as a switch
region, is niraimaaveddrBlrtiivhalchthamyaae tH D tregipois-maenad imathmedrebwseanmasyieh, such
that the effept @lcthe sahanger 2HethareaoNtsy sequeREarRMEREs iRt EiEmMmAmaladagserted in

whole or in gark i NF, RS ACRIE S6UE fr§n?ﬁ8r‘d8ﬁ'%ﬁ%%g&%sﬁQQ@Q&‘?&%a@é&é?eﬁ%Cth%Iss'9”a"'”9

in the B-cell, for example isotype switching using_switch recombination sites, would still use
non- humaﬁ%ﬁ%%%&‘ﬁﬂBW@eENﬁ%}n ?ﬁ&ﬁﬁ@%‘ﬂﬂ?%"&%&?ﬁ@%ﬁﬁeﬁ%ﬂﬁ% SRS AC

antibodies wtksé ey OpdRBBIS. and non-human mammal constant regions, but these could be readily

humanized, for example in a cloning step. Moreover the in vivo efficacy of these chimaeric antibodies

could be assessed in these same animals. In one aspect the inserted human IgH VDJ region
QRRe‘ﬁg from a

comprises, TG AiRRE EsnAgeIistidH] ABriHeY M e9thasriRgidirsemtPint
human In drenagpen8®0e10O0Kh ofithasherh&re | sl nergeonhisairys elntddl FHT6, th@hcﬁﬂﬂjﬂﬁan

mammal |gi3rasiie anshirONEsABDBBH a6, 95885 %6 Kntimgsoaat 13 insarraeSuitalhydkds includes
bases 105 AﬁQQm%%&rﬁ% 19%&9@&%& %@JHHA%%@&OMQ%@ Or?ﬁ fal é&%&.@@&ﬁtgsﬁé&)\'&ﬁ'36 for

the human genome, elease 54 and e mouse genome, relating to mouse
strain 057E?I?%‘?J'}‘""ItﬁsoHé1 3%8%1 ﬁ‘l‘g iHdHPad 99+ Highhan frrRyinait L6hERGSYF bases 105,400,051 to
106,368,585 from chromosome 14. In one aspect the inserted human heavy chain DNA, such as DNA
consisting St BEERA0I BB 1 Do K38BAoSE A CHPBHIGRAARS T "R SRS b hEe
chromosoﬁ#@ﬁ@h@t}}@ééﬁflﬁ@@n’@mqweqw&m%fmé@wnaand the Ep region, suitably between
coordinates 114,667,091 and 114,665,190, suitably at coordinate 114,667,091. In one aspect the
inserted husHRPRaisaNP1AESi BRSESABRELSSM gk Aira008 Rl rAKBAN aﬂ!"iS’th?l%’WeaﬁdSJ“F%@Yons and

mtervenmg%é@ﬁ@?ﬂ’é@% i dmaifreher aspect the light chain VJ insert may comprise only the proximal
clusters of V segments and J segments. Such an insert would be of approximately 473 kb.

In one aspect the human light chain kappa DNA, such as the human IgK fragment of bases
88,940,356 to 89,857,000 from human chromosome 2, is suitably inserted into mouse
chromosome 6 between coordinates 70,673,899 and 70,675,515, suitably at position
70,674,734.

In one aspect the human lambda VJ region comprises, in germline configuration, all of the V and

J regions and intervening sequences from a human.

Suitably this includes analogous bases to those selected for the kappa fragment, from human

chromosome 2.

All specific human fragments described above may vary in length, and may for example be longer
or shorter than defined as above, such as 500 bases, 1KB, 2K, 3K, 4K, 5KB, 10 KB, 20KB, 30KB,
40KB or 50KB or more, which suitably comprise all or part of the human V(D)J region, whilst

preferably retaining the requirement for the final insert to comprise human genetic material



Suitably this includes bases 88,940,356 to 89,857,000 from human chromosome 2, suitably
approximately 917kb. In a further aspect the light chain VJ insert may comprise only the proximal
clusters of V segments and J segments. Such an ingert would be of approximately 473 kb. In one
aspect the human light chain kappa DNA, such as the human IgK fragment of bases 88,940,356 to

89,857,00Q:fkaing URRasb @RI RSN 8ndirl Seeitinbh InfR sl Nt bR us & shpRes B & hpbveen
coordinateg, 70,673,899 and 70,675,515, suitably at position 70,674,734. In one aspect the human
lambda VJ region comprises, in germline configuration, all of the V and J regions and intervening

sequences o a.human. Sulabi i includes, analagons bases Lo ose selecled fpr (05 kappa
fragment, from hiltRan chromosome .Kﬁaspemﬁc uman E?ragments escriBed%tb'ove may vary in
length, andn§fal/SSieasEtapie BEFMRe BTitbIER tRameentl kedbieerarly ATt BAERS 1KB, 2K,
3K, 4K, S5KigsifadB 520k, 30KB, 40KB or 50KB or more, which suitably comprise all or part of the
human V(D)J region, whilst preferably retaining the requirement for the final insert to comprise human
genetic maketiad £mrecodingdiedtainmpeimberdhahaim Jegiogeandijahé chhaturegiqryeas apgropriate,

as describgd ghove IR ORGARBCHRRGY R ALIABYRIAMDRRHHSRGIRGERQYE Is increased in

length. Where the insert is generated in"a stepwise fashion then the increase in length is generally in
respect of the upstream (5) clone. In one aspect the 3' end of the last inserted human gene, generally
the last hufi&neI3eae tBeoeIRERRIINS TS eRERIHeD spredarailyidshiasnim ehain KePRhan-mouse
join region régiamnes agpeektherRomshiLmahehamm agicamyigesbeameragiall of the human light chain
kappa VJ region as disclosed herein but not the human light chain lambda VJ region. In a further
aspect the igenfortrercpyatisesgancinsextmpriads\Gnbngheiauyochain(osdyy etrdh bojgnesl dgyeescatbed herein
at t_he hea\%%@éﬁ'ﬂ%%‘%@’ﬂ@é@@hﬁhﬁ%&@%a &{e%m%mﬁw&hé}rhl%&ﬁe%w Qeih #ahd chain

loci. Preferably the gRNAmS RN HIRRLA IR 3005 U R0 IR EES [9Gth, or all three loci,

In another aspect the genome may be heterozygous at one or more of the loci, such as
heterozygous for DNA encoding a chimaeric antibody chain and native (host cell) antibody chain.
In one aspect the genome may be heterozygous for DNA capable of encoding 2 different
antibody chains of the invention, for example, comprising 2 different chimaeric heavy chains or 2

different chimaeric light chains.

In one aspect the invention relates to a non-human mammal or cell, and methods for producing
said mammal or cell, as described herein, wherein the inserted human DNA, such as the human
IgH VDJ region and/or light chain V, J regions are found on only one allele and not both alleles in
the mammal or cell. In this aspect a mammal or cell has the potential to express both an

endogenous host antibody heavy or light chain and a chimaeric heavy or light chain.

In a further aspect of the invention the human VDJ region, or light chain VJ region, is not used in
its entirety, but parts of the equivalent human VDJ or VJ region, such as the exons, from other
species may be used, such as one or more V, D, or J exons from other species, or regulatory
sequences from other species. In one aspect the sequences used in place of the human
sequences are not human or mouse. In one aspect the sequences used may be from rodent, or,
primate such as chimp. For example, 1, 2, 3, 4, or more, or all of the J regions from a primate
other than a human may be used to replace, one, 2, 3, 4, or more or all of the human J exons in

the VDJ/VJ region of the cells and animals of the invention.

In a further aspect the inserted human DNA, such as the human IgH VDJ region, and/or light
chain VJ regions, may be inserted such that they are operably linked in the genome with a mu
constant region from a non-human, non-mouse species, such as a rodent or primate sequence,

such as a rat sequence.



In another aspect the genome may be heterozygous at one or more of the loci, such as heterozygous
for DNA encoding a chimaeric antibody chain and native (host cell) antibody chain. In one aspect the
genome may be heterozygous for DNA capable of gnhcoding 2 different antibody chains of the
invention, for example, comprising 2 different chimaeric heavy chains or 2 different chimaeric light

chains. In @iReasRAGUIAENINVERBIsEC R REL0MM AN MAR Ranymalesyced, RBd metbosmissiat
producing said mammalangslk as.dessihed.nergin uhereinthe insered human DNA, such as the

human IgH VDJ region and/or light chain V, J fegions are found on only one allele and not both alleles

in the mamng}, or.cell 1 IS ARRERL AN N ALLh CEIMIARHAEPOENIA 10 &R ES S 8OIPeAbly

endogenous host antibody heavy or light chain and a chimaeric heavy or light chain. In a further
2spect of tHETUEHBR TIPS FEHSHC P AR BRI/ REL TS 1858 sed in its entirety, but

parts of the equivalent human VDJ or VJ re

) ion, h as.th , fro the [ b d,
buch & on@RSraRs, kPSR, SHIap AlRusaraeakier} o o aosdy sl Shy QBB OO 0Er species.

In one aspéefiievaaERi e used in place of the human sequences are not human or mouse. In one
aspect the sequences used may be from rodent, or, primate such as chimp. For example, 1, 2, 3, 4, or
more, or all?nasPeedisrasried BupiahBt ofeh Bsdhed AT hYRY Froladerticordishiceaibne, 2, 3, 4,
or more or ejiofithedytmanecitexonsthe thet\BrdMdstegiaogeththevitie he andsanimagsohdbeitrachtion. In a

further aSD@ﬁFthBf HeeESINURRERNY Ui BR H&ﬁj,W%Fbj’&'a‘bl‘y/ﬁ%\]arﬁugi@&ﬁﬂﬂ/@biﬁﬂh%%in VJ
regions, mgﬁ be inserted f§uch that they %ﬁﬁt%e'ﬁﬁgl%s“r} %dhln the ome with a mu con%;;\ﬁt region

N-mouse, non-numan species: uman , such as the man
from a non-human, non-mouse Spécies, suc S a rodent or primate sequence, such as a rat

sequence. "aPORRY PIIIYH FHTEH VA SPERNS) S SEEIE A S QARSI DNREBISRTEMRYFAAY based in the
present invadidm forolud ehimbabiis alatimaly, kkavy eddight alpécas) eaotieds @pedcszanks-niouwsaecraspect the
ir:lsetfmd hUrmﬁBrDNbAntW?E ﬁq%tetr*P& RuB@R Nd2Y BFovhdE88I0BHS: %@lbéﬁaﬁ‘kef @Mtlﬁl&@%&ﬁﬁ%&fﬁdﬂ@@feqws .
ost mu sequence but rather to non-host.mu sequence. Operable lin suita Q roduction o
an antibod RS T AR e AU ACRERET: RESEROK BUEAE SRR MLBVE RN 0
human DNYRrégleHegiothz Hutha R FHIMRATIS 3BT (aruYs lighk @rdm MREgions) may be inserted into
the host chromosome together with mu constant region nucleic acid which is not host mu constant
region nucleic acid, and Rre_ferab_lg/ IS ?it tmu constant re%i%n from a non-motuse, non-human Lﬂ)ecies.
Suitably th&"iRE&E8%L MRS IRASS thé fingh WS YRS EaNETb NG HORER ¥R ons) is
operably lifREWHeLE: REA-PURPEN NHOACHD g PhainAifng YBRIRNTOIA anchemAekchamardayigiéavy or
light chain.dmianappariasgiess apabeamofsieempantui thanumamiaypbednsertedginio the host chromosome
on a separate genetic element to that of the human variable region, or at a different location in the
genome, suitably operably linked to the variable region such that a chimaeric antibody heavy or light
can be forfe@NIRBRSRESHEG METHOR MtlBIFTdratcelo U FRMWMABATRIIAEN theagfAeaIS thle"téhome of
which compoispdsesneneramarechiuman Iy lighhtichaiarkiagpd Mgiegsans! and oneads hvoranHaiiighn 1g light

chain kappehdifegifas YRR Mpehalhs A QRS HARanARRBRUREREN: egian. In another aspect
the invention relates to a cell, or non-human mammal, the genome of which comprises: one or more

human Ig light chain lambda V regions and one or more human Ig light chain lambda J regions
upstream @uithldy partightthleamudiaznthfbetiope rseaatblecigiderm antibody chains in vivo capable of

specifically reacting with an antigen.

In one aspect of the invention there is no non-human coding sequence in the inserted light chain

region.

In such aspects a human kappa and/or lambda region is inserted into the genome, in combination
with insertion of the heavy chain VDJ region or part thereof, upstream of the host heavy chain

constant region as disclosed herein.

Thus the cell or non human mammal of the invention may comprise:
(a) a plurality of human IgH V regions, one or more human D regions and one or more

human J regions upstream of the host non-human mammal constant region; and



Suitably the light chain VJ and C regions are able to form antibody chains in vivo capable of
specifically reacting with an antigen. In one aspect of the invention there is no non-human coding
sequence in the inserted light chain region. In such, aspects a human kappa and/or lambda region is
inserted into the genome, in combination with insertion of the heavy chain VDJ region or part thereof,

upstream qbfhe kastdiemy Blitain (Ngamdegisspay dgeasanrdaie s nausihe el IghngriRuman
mammal ORLBSa'UVS&HRQJ%L%&R?%%‘?})@?&Hé%ﬁ?clﬂ%ﬁf’éﬁ#l%&%ﬂta'%%ﬁ?%&gﬁ; one or more human D

regions and one or more human J regions upstream of the host non-human mammal constant region;
and 11 (b)8RED IOREHUTER TRPMYPR! ChaRF A BT 4P 8JATE AT LAY AR FE IR TEIRHL chain
kappa J reghafscapstisiagnof Blinenpagtofarertrntieonakdppuroanseiableegioen- wherein the

non-humannr;gacghrgral (i)% ﬁlt%e to n%rr%qlgﬁ% & ég&%rgﬁ)(i)%emq antibodies having an antibody chain comprising

a A rise;
non human marmmal constant region and a human vaﬁé;BVépreglon. The cell or non human mammal of
the inventiga) mayaCpm@ngef human IgH V regions, one or more human D regions and one or more

human J regions upstream of the host non-human mammal constant region; and

one or more human Ig light chain lambda V regions and one or more human lg light chain
lambda J regions upstream of the host non-human mammal lambda constant region;
wherein the non-human mammal is able to produce a repertoire of antibodies having an antibody

chain comprising a non-human mammal constant region and a human variable region.

Suitably the insertion of the human VJC light chain DNA, or part thereof as disclosed above, is
made at the equivalent mouse locus. In one aspect the human light chain kappa VJC DNA, or
part thereof, is inserted immediately upstream or downstream of the mouse kappa VJC region. In
one aspect, the human light chain lambda VJC region or part thereof is inserted immediately
upstream or downstream of the mouse lambda VJC region. In one aspect only the human kappa
VJC locus is inserted. Insertions may be made using the techniques disclosed herein, and
suitably do not remove the host sequences from the genome. Inone aspect the non human
mammal host VJC sequences may be inactivated in some way, by mutation, or inversion, or by
insertion of the human variable region DNA, or by any other means. In one aspect the cell or non

human mammal of the invention may comprise an insertion of the complete VJC human region.

The human kappa variable region DNA might be inserted into the genome in functional
arrangement with a lambda constant region, for example inserted upstream of a lambda constant
region. Alternatively human lambda region variable DNA might be inserted in functional
arrangement with a kappa constant region, for example inserted upstream of a kappa constant

region.

In one aspect one or more non-human mammal control sequences such as the enhancer
sequence(s) is maintained upstream of the nonhuman mammal Mu constant region, suitably in its

native position with respect to the distance from the constant region.

In one aspect one or more non-human mammal control sequences such as an enhancer
sequence(s) are maintained downstream of the nonhuman mammal Mu constant region, suitably

in its native position with respect to the distance from the constant region.

In one aspect a non-human mammal switch sequence, suitably the endogenous switch
sequence, is maintained upstream of the non-human mammal Mu constant region, suitably in its

native position with respect to distance from the constant region.



(a)a plurality of human IgH V regions, one or more human D regions and one or more human J regions
upstream of the host non-human mammal constant region; and one or more human Ig light chain
lambda V regions and one or more human Ig light ¢hain lambda J regions upstream of the host
non-human mammal lambda constant region; wherein the non-human mammal is able to produce a

repertoire of 0BRSS ANEERN SHIARESHYENRITCE OBRIEFIEG AROGHBIAIBNTIMAD MdhcaBsiastt region
and a humg&g@ﬁg}gb@ogegg&ég@?bly the insertion of the human VJC light chain DNA, or part thereof
as disclosed above, is made at thé equivalent mouse locus. In one aspect the human light chain kappa

VJC DNA, RW%%QBSEPQ%@UHS?J%E%@ RSAMEMURSH SRR RAOMNR SAM-RE RS kappa VIC

region. In one aspect, the human light chain lambda VJ el?|on or part thereof Is inserted immediately

h bd Cr
upstream S BBR/RBAHAHRTHE MOLRE RN BAENA & EGidrIIrEhE J8hR ABHRR R AEHEKRRppa VaC
locus is instaqeendnséngoskitahageseentadmayshty fhe RINPIR) LR SR B crlimeleipeansicsuitatfly do not
remove thejasitrespipBeas fropathwigenenseidn enpaspgeahine:noahysgasnteantaral thesio JC

sequencesimay e NAGHAIGRLIL S BP G LYaH U FBHIEHABLOL SYRRIANALEM: FRLRRRE G luman

variable region DNA, or %an othermeans. In one ?s&e:ct the cell or non human mammal of the
r ine y
[

invention n¥8yPESRApITSE"AFiRLETN BPHETLRTARTALE Ve i RegRoR" THE RA kISP variable
region DNAYIGMCBRAMS eflpWine ety Rresiipling tiLerelb Ml errangement with a lambda constant
region, for example inserted upstream of a lambda constant region. Alternatively human lambda region
variable DNRerARYH BeARESHEME firRiioR AN tARGEfePRIPTRCaAKBIPRRN B TSRMY R SRATA @ xample

inserted upstieaseq@iendappbacomsiant regionmbn erenaspechaneroedivare Rgyphr Maay maynmal control

Seq UenCeS@QG&bﬁﬁpﬂ@%ﬁ%%ﬂqﬁ%H@ﬂ?ﬁéﬁMél%@i&@iﬂ%@ié@sﬁ%mf the Mﬂb%@éﬁéﬁ@é’éﬂma' Mu
constant rea%ogbﬁeu%ag% In its native position with re 8|et%tet% rt(pdeu C(?Jsta en(rom. the constant region. In

XRFeSSIOn or_otherwise contr on ,or a IbOdleﬁ comeorlsm a
one aspect one or more non-human mammal control Sequences such as an enhancer seauence(s)

are maintafPesABAKIFHIR WhitTRyie RrEAGREM NI avatRirRiah ERMGRISA StiREBIP I Hlktive
position withaespethtedheedistarsarfdonodbe cosistamtgiegsan almarse agpect a non-human mammal
switch sequence, suitably the endogenous switch sequence, is maintained upstream of the
non-humarirmagrasi@icMbedovistéont nelgfrsnio sustdibbydfertbinative poséroreNyitn nesbectatondhsiarate from
the constanbragiiy dithiHehIdBEMIORHYS BRsheRNBRCERMT RWIlShARG BREEFHEsOpERRiye in vivo
with the host constant regio sqgéjeqpegsg.. , .

Species. For example, cell’oranimal may comprise host cell constant region DNA, one or

more human V, D or J coding sequences and one or more non-human, non-host DNA regions

that are able to control a region of the immunoglobulin locus, such as a switch sequence,

promoter or enhancer which are able to control expression or isotype switching in vivo of the Ig

DNA. In one aspect the cell or animal is a mouse and comprises additionally human DNA from

the human Ig locus and additionally a non-mouse DNA sequence, such as a rat DNA sequence,

capable of regulation of the mouse or human DNA.

In another aspect the invention relates to a cell, preferably non-human cell, or non-human
mammal comprising an immunoglobulin heavy chain or light chain locus having DNA from 2 or
more different human genomes. For example, it could comprise heavy chain V(D)J sequences
from more than one human genome within a heavy or light chain, or heavy chain VDJ DNA from

one genome and light chain VJ sequences from a different genome.

In one aspect the invention relates to a DNA fragment or cell or non-human mammal comprising
an immunoglobulin heavy chain or light chain locus, or part thereof, having DNA from 2 or more
species, where one species contributes a non coding region such as a regulatory region, and the

other species coding regions such as V, D, J or constant regions.

In one aspect the human promoter and/or other control elements that are associated with the

different human V, D or J regions are maintained in the mouse genome.



In one aspect a switch sequence is neither human, nor native in the non-human mammal, for example
in one aspect a non human mammal switch sequence is not a mouse or human switch sequence. The
switch sequence may be, for example, a rodent or pyimate sequence, or a synthetic sequence. In

particular the switch sequence may be a rat sequence where the non human mammal is a mouse. By

way of exampleirhdiaypset Oh&IBMANCSTIRIaRb Mk FERIHRAGE dNaYd edplrsiemt MBrter shdeama of a
switch sequence fam a."ak RJ&Q'.’We&&?stha% B}Q{Imeﬁ% WEISGe v?/ﬂ%tﬁ%'Ya‘?%BﬁiﬁlgnQ Allawing isotype

switching to occur in vivo. The cell or mammal of the invention may therefore comprise a human or
non humarPFAdIAHEMERiIRA Y] uence and a human or non human mammal enhancer region or
regions. They may be upstream of a human or non human mammal constant region. Preferably the
control seqeiéiFblsaa P Bl RS A OOERRTR SBRYPEr RARRTWRES i entiel SfciuBBRRRSP N IBdies
comprisingharcamstantweigpoenwith, wihich Hieyatbeasneara@dA Gnda dranizirtkdneficidshgedtiea rat
switch Withﬁéﬁ%@%ﬂﬁ!ﬁﬂmaﬁ%ﬁ %@@%&é&%@ﬂﬁ%ﬁ@%ﬂﬂﬁé&%ﬁﬁ%ﬁ? r@@i&n'@o@f’r‘@ aspect
the invention relatesatr%a ﬁellbﬁﬁefer%nl %2 né)el’(’lj uuégr cell or non | u L?rgarrp%@r%%ll C(r)m%[lsmg an
mmunoglo%ulunrheavy ¢hain or light chaih focus avmg %Nﬁ from 3 of more spemeg For example the
cell or animal may comprise host cell constant region DNA, one or more human V, D or J coding
sequences afd-GREG ﬁ?BFaeC%’Bﬁ”hﬁfrﬂaﬁ‘aH8ﬁ°W8§ " SRANFE GRS PR U IS ERBP M&ion of the
immunoglobameRiciscantiehragicnswarPe cquieA et Bropd @ rrepastinaesies vwhiehairecmeiranéontrol
expressionINASetypelasic dngsertvivpaaf shenéghihbh. I regieracpentdia eathai aniggahisigtdnouse and
comprises g aﬁklyégugneﬁc@%@m (B BHRALIO ﬁn%ﬂg%&ﬁ@.weememeeammhm

sequence, such as a t DNA Sequence, ¢ Efat??le of r a| n of the mayse o uman DNAI\ In
another as{SSAPEHE PUERNOISREERRE RPTRLRT gf@ y HOn h%nﬁouigll of n‘?S'W A AN Amal
comprising"&dioimANdriBetctiRARs H@a’Wﬂﬁﬁ‘dm f@@'ﬁ@h‘f’éﬁfa?ﬁﬂb@ﬁ ReviRG- IRANTFORM PR PHABRIifferent
human gerwngsr Eomtexaagpde iSodathty ehenpuisenhesing alegion \fOD 3] lsearencegifonefaose than one
human gengmeswjt |@nh&5?j\'r)§ Weligbh Ghaig,ihheRUyhGhaln éé%g[)rjé’fbﬁ%? NRAsNeME R light
chain VJ se uences from erent enome. In on S %h me mvent(g)n relates to a}]DNA fjagment or
cell or non’| mcgﬁ Pamntar Com ﬁrlﬁnggase%rﬂﬁenog 0 Ph eak’/m% ain'ot heg%?n Saih 1o ocus, or part
thereof, halRA§TIRPRTESH PWFMURYSPELHIY %ﬁé?écﬁné"éb'é&éé REPRADUtECAITEAIIITIRY P@glon such
as a regulatbrgdegitn tencbirel ofkatoapecies cadimgl egiser siich asamalsd poeotstant regions. 13 In
a further aspect one or more of the promoter elements, or other control elements, of the human
regions, sughbas dbeuRaashly HEGHIMNANRsepEMite thtntiarsiWiinthaiiarsraptienal maehinery of a
non-humaryamaal, Skl %%&@Q &r%d;&fé%e%e&%%'ﬂ%%rﬁ?&%#’ﬁeol?o%‘?? mQBF}QSq%%HE%%' §f an

appropriate nonhuman mammal promoter, which allows the human D 0 be transcribed efficiently in
the appropPiafe SRR ﬁ?ﬂrﬁ%ﬁteéﬁqw&% 480§ t?‘f'@??urf%?{%cg%tﬂ UL FRETY 1RURSA coding
sequence, aglddgsheathdn varegitmssapteanu ot &y anethes serted Snpreianmand mairiraes. proiefoter. The
functional replaseimestehhefe@RAromoter or other control regions by non-human mammal promoter
or control regions may be carried out by use of recombineering, or other recombinant DNA
technologimepgaim tu@u@%ﬂs%ﬁ@%%%M%&%%%@M&HMf@&i@ﬂédﬁﬁ@l@g}é%q@r (such as
a BAG) contalrynq10 nﬁ)n Qruman Iglr(e |orrg]0:jl'sré§ reco blne fin ér% rgmbl%%ntsagﬁhnlgue suqably
replaces a portion of the Hon- uman (€.9. mo sefrﬁ?\l,& wﬁh the human I'g region, and thus p places the
human Ig rgéﬁbh (RYRSY BB E1GF SRR RAUIHBR HARFRR phBastersinaaes éEﬁRtP&?'}@bﬁB‘?? Buitably
the humanmeo@ingfregien Bit/aundenaenivolefibe mepsacesneotercusehef regimhregiding sequence. Suitably
the human coding region for a human D region replaces a mouse D region coding sequence. Suitably
the humanTtedipgroagies tesaibeimaneshragipalseacesd tnoisse ddiagion dapdingeseqpeaeeJin this

way RUMaRelfoR Qfoh BAUKHENAYER)PIGRH LHELHNGI PR Sla RN A BRATRBI Bigmoter.

such as amo se rc%rp er. In one as ect he only h_u(man NA inser F' hnt?] the non-hym
ups he a\g\?hw stan re ion; ewise s%me ora o) light Lg} n|
mammalian celt or ahimal ar or regions, and these are place URdeP Contid of the host

regulatory §@qué?ﬂi@'§c5‘i‘%¥tﬁ%Frﬁ%‘ﬁ%tﬂﬂ%,”hgﬁn‘?dﬁ?‘é’eﬁ@thW eRssettiataranee # human
coding regibasimicymhess athshuim@yidntions afodl exonse tietveanotite p@aspeob ssmphstarobasdand no

introns, whighdnasndéiy H&eof%%é)fo?QNéftﬁét@rﬁa&VﬁbéHeksaﬂQw%S'Qéd&M&@rJr%M'Bﬁt%iHEgp or other

recombinant DNA technoloqi es to msert nc%q mmal ous%)repron?oter or other control
nces, or ma % §? <t) he, enes Ff‘hh e or |
region, such as a promoter for A reglon Into a BA ¢on ining Uman g region

recombine &P Sepr tﬁ@l‘?’marcé%qaeﬁé?ﬁodfbf’?ﬁjﬁ?&ﬁ"bmﬁfﬂhd@e@@ﬁﬁﬁf of tHé’h\bU%@W&fm'ﬁter or

other Contrg)émegiemrientation may be inserted upstream and in functional arrangement with a host

constant region.



The approaches described herein may also be used to insert some or all of the V, D and J regions
from the human heavy chain upstream of a light chain constant region, rather than upstream of the
heavy chain constant region. Likewise some or all ¢f the human light chain V and J regions may be
inserted upstream of the heavy chain constant region. Insertion may be at the endogenous constant

region locusn (oKX s3I RetnRPNIBRCNAAgeNDUHERNItRIIcAB thdhiegiomadnet BIYspscik seme, or all,
of the V, Do, r?sgﬁ&?%t%"%ﬁro%%'&%“& Qr%'iﬂ%%r LLBOBANGRL é?%‘é‘?@&rﬁéns%r DaY-RE0S gﬁgﬂe or all, of

the V, D or J genes with one or more or all respective promoter or enhancer sequences. In one aspect
the full repé‘pf’dYFég@fG\V "ﬁ%Pf?FQ@%éﬁ?é”lf?&@ﬁﬁﬂﬁéS&f ntation may be inserted upstream and in
functional arrangement with a host constant region. 14 Thus the present invention allows V and/or D
and/or J relfiGA8 Aeratitfuimantion e igsai<nab smBeman YAt Reckesn dbhie st ntfom a
different spbeigentined cbanpuisbenzacomstard iegipsrablbowing enchimétbrsoraatibvaly otthentioviae
expressed h&%ﬁﬁ%ﬁ&@ﬁ ﬂé@ﬁ@ﬂ%@mé%gﬁﬁ%ﬂﬂyé%géﬁmg W&HWE&EL%F@%@I&QB%@ inserted
i A R R e i A A
heavy chain constant region Yaf the region'of the enoPogeno eavy chain constant region T'focus such
that an antlig8bg@aRNRIS B@dﬁ%&é’b‘;eﬁt?ﬂn|§‘%1§B@C?’Eﬂ"ﬂ%“iﬁ\)@?ﬁf6?f‘aﬁ?ﬂ WhétdsuRigndight chain
DNA is adaioplatblyihsexedothiuey iagingibobNAmaserizhlc NBand theéorearsfeamtcegpl€Nl, human

construct, baviag hethdruraambiariaile BRA #RddBHERR %W@NAW DNA.HRFBAVEdUBan variable

region DNA and c%’hgtant realon DN from 36]0 sucLh aasnlhgé)mo ?t %%eCHE Qt erva rlﬁtlons are also

?‘I er.varia faﬁO [f.O
pOSSIb|e such as'insertion o t Ight chain human variable region an ost genome constant

region. In 2@4RR% fﬁ?é’ﬁwé@?u?ﬂ?t&%mqugﬂ?%ﬁ%ﬁeﬁ'aﬂsdar?é’é’ Heihadtssaion fieaddryishin
endogenousiegesshoeedayobdamy e rejufy dleatgemogrmols dowls abstemaribermnpeliieor mahemal may
produce chigiaaidc haawyidhainséaampiksing InWN atavatiakiR yegisduéaNAirRE N MHesey CeRstaNt region

DNA,) and Ifl&l?% ‘%@ﬂ%g%ﬁ%’é}wé Eg@%'é ‘@li/ﬁbéﬁ?a%@%“%%ﬂ F%P%%%W%ﬁ'n%‘ DA Fﬁh&?'alﬂsone

aspect of the |nvent aan appa human varla e re A'can b Inserted

upstream cfPfH%”é'H@iB@'@ﬁBM@W%?JE?”SPH@%&?H?% "B o d?fPé‘Fe?ﬁpéﬁFBFﬁ'b%WQti‘H‘the
endogenoubdoembdananthserteubnaithuoranitreyizbtomegimnt FAlonaDND&. insettasl| inpstreion off theman light
chain DNAd4Rsg&i0s Mdie BPabRAsirEaan MARIMSH eoMBtatitregiinosd iy tiemaspriegendtie invention

relates to |rbsc%gtlgndqﬁgép&owﬂ1 épw%tug%gtgwga&yemgble regions downstream of the endogenous

locus constant reglon or elsewhere In the genome. Generally, insertion of human variable region DNA

at or close oth ale endo UF? %ﬁln the remgg?nt genome is preferred for exarpple within
I EB ain u ream he Host non-hu ? ﬁmn{
1,2,3,4,5%.7 8 oundar UPETEEm or Gownstraam) of & Ros |mmunoglobulln

locus. Thuéeiiﬁocﬁ‘né %H@&t%?ﬁ%ﬁtﬁ;ﬁ“@éﬁ%l@ﬂét% £ dBIFBICAGH PRI PRI ANRAJYE"§Bnome
comprises:variabl¢ajegiqpisirahitnsifdarmatntig Hndaggions |@ne oonstant tegimanoD gisgidrssaindtizne or more
human J regiQiiseupstream of the host non-human mammal constant region; and (b) one or more
human Ig light chain kappa V regions and one or more human Ig light chain kappa J regions, and/or ,

one or morg gy FQJFESH Q}ﬂlf%;!ﬁmﬁgﬁlé/ réS%PBﬁQQF’oPQBs%rtmRéeeM'Béﬂt hdghi-elaiglambda J

reglons wherein t e non human mammal is able to produce a repertoire of chimaeric antibodies, or

chimaeric IIYMRBIHREN LHANE, BT & nSH-RARRR WRMaf con&tanPrdgn aRa'Hurhi variable

region. boundary (upstream or downstream) of a host immunoglobulin locus.

Thus in one aspect the invention can relate to a cell or non-human mammal whose genome

comprises:

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region; and

(b) one or more human Ig light chain kappa V regions and one or more human Ig
light chain kappa J regions, and/or , one or more human Ig light chain lambda V regions and one

or more human Ig light chain lambda J regions;

wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies, or
chimaeric light or heavy chains, having a non-human mammal constant region and a human

variable region.



15 In one particular aspect the genome of the cell or non human mammal comprises: a plurality
of human IgH V regions, one or more human D regions and one or more human J regions upstream of
the host non-human mammal constant region; 1$ne or more human Ig light chain kappa V regions
and one or more human Ig light chain kappa J regions upstream of the host non-human mammal
kappa constant region, and one or more human Ig light chain lambda V regions and one or more
human Ig light chain lambda J regions downstream of the host non-human mammal lambda constant

region,  Inopdeaaidyian avpichttaeydnismantlam belpovasiablensagiammaydepizserted downstream of the
endogenous host lambda locus in operable linkage with a human lambda constant region, such that

the non human ma{ml_nmntyr sfehueddn [])ngMO_QQflUHy,_hidmanrﬂﬂﬁhﬂdﬁaﬁght@bﬁma&ﬂdnqéimaﬁﬁi@ heavy
chains. In %JH(:IH%%GI@FJ %Bétré‘étﬂ%‘?ftr%f 1b& IRvankem, %H%‘?c%é%m%ﬁﬁ&ds of the invention allows a

locus to be built up in a stepwise manner by sequential insertions, and thus allows for the insertion of

human variable Dh@ LpaRiael Wik BUgHRaHiNepRANREGRS AR R E Mingh @Vgﬁy'&ﬁ%ﬁ’rﬁe location

in the gen me gf a npﬂéhuumgngcoﬂh%eﬂl. or e_:?]<lzjatm%|zr)1Iem,ameta %gls gf g;gt‘i,:m?ntion can be used to insert
human immtfr?odo%%ﬂn VAIapie region 5] rfogreT} et Eongtan reglonﬁgﬁ%\ ffom the host genome

anywhere in the genome of 3 nom-uman nost.calh Jouing. 3, chimacric antibody ehalp 1o bie produced
from a site other than the en ogen us heavy region. Ang%uman%eavy chain or igqnfgc am DNA

construct cHMIR gIERdana8YEsEsAhEl e dIREMRIGURRR deEdl [RrdEBRIrtETheg®@home of a non
human host cell using the techniques described herein. The present invention thus also relates to cells

and mammals ha9RigGEhEMELCR §iR BHERRY IRTBFAINREFRIE e i9mERIRSHERRtI veRiteR PR Fector,
such as a BAGgeamphsshatidarioaws\) breradedgiagawihfareiromalearpdagensent widlea som-human

mammal PiRsNHIE hoRHIFEY GARTRI SEaLIPREErsHGE: i) Him&XBRAsSIgNEH: tiRikiama i@ J region
is under thﬁe%(\)/ntcrr(])l.osf the non-human mammal promoter in a cell of the non-human mammal, such as

an ES cell, In p}értlgmar once inserted into the genome of that cell. The invention also relates to cells

and non-hurnarfunhamuifeds: 60 atpktnof seedreetsonyiehuselts thie metodalsf iy éreehtibhanovs B or J
region in a,f4petignal aURNGEMENtWIiG AN ammAIRGBAIe ARl PHReLRARIML 38gUeNCe,

such that F'ﬂ%‘?ﬁé’% e?%'&ﬁaﬂfvtﬁr%ﬁ]é‘@ﬁﬂ t‘éaeaf[?th aiteRlon 'Soy{'ggnempn% 985‘%%?‘?&“8 ”BQAhé{rQr?Q mammal
promoter In ne cells or mammal. Generally, one aspect o € Invenuon thus relates 1o a no human
mammal h&4taRi| leeqsian|ie Breanrmeid? GraiRRaNast e5lbr PEHIAY 'S cqBRER A HifdnRELEBNtrol of a
host promatar e cemtiol insgiomytihe expuessicnicapablgcoiepiodDbifgpgethemaithsensunitbegiprhaving a
human varisigle fmM@E RO PORLREMANRAE MBS Yt 1§%UORo-Ruman host cell, allowing a

chimaeric antibody chain to be produced from a site other than the endogenous heavy region.

Any human heavy chain or light chain DNA construct contemplated above can be inserted into

any desired position into the genome of a non human host cell using the techniques described

herein. The present invention thus also relates to cells and mammals having genomes comprising

such insertions.

The invention also relates to a vector, such as a BAC, comprising a human V, D or J region in a
functional arrangement with a non-human mammal promoter, or other control sequence, such
that the expression of the human V, D or J region is under the control of the non-human mammal
promoter in a cell of the non-human mammal, such as an ES cell, in particular once inserted into

the genome of that cell.

The invention also relates to cells and non-human mammals containing said cells, which cells or
mammals have a human V, D or J region in a functional arrangement with a non-human mammal
promoter, or other control sequence, such that the expression of the human V, D or J region is

under the control of the non-human mammal promoter in the cells or mammal.

Generally, one aspect of the invention thus relates to a non human mammal host cell capable of
expression of a human V, D or J coding sequence under the control of a host promoter or control
region, the expression capable of producing a humanised antibody having a human variable

domain and non human mammal constant region.



In one aspect the invention relates to a cell, such as a non mammalian cell, such as an ES cell, the
genome of which comprises a)a plurality of human IgH V regions, one or more human D regions and
one or more human J regions upstream of the host;gon-human mammal constant region; and
(b)optionally one or more human Ig light chain kappa V regions and one or more human Ig light chain

kappa J regions dgsscead infshihesihioihusenn rsaayaaidhappankansiast ragoasadiy ane or more

human Ig Iitggtggnmlggmgﬂ %%%QL%QS and one or more human Ig light chain lambda J regions
upstream of the host non-human mammal lambda constant region; In another aspect the invention

relates to a cell, sych as 2 RARRUPANBRBAY fihSWH 85 hrore Rl MNNOTEMRIYRE GRprises

(a) a plurality of human Ig light chain ka tpa V regions and one or more human | I(ljght chain kappa J
regions upSIPEa M BR e TS Sﬁ%?ﬁyl’?ﬁﬂ’lgﬁ PR AR KA CEHRR £ 28N rgﬂ'ﬁfblgﬁ plurality of human

Ig light chain Iamb%a Vv rrgéi%ons and one or more hum? lg Ight chain Jambda J regions upstream of

N
the host non-humg) ma %’rﬂ%%aa"&m%?amsai'&n,’%8" : ka(%‘iao\étfgﬁ'gﬂi% e OF MoPEHKuman IgH
V regions, Bieadrienisid ehandanpa dgreirhanesprMopiisredstinearh ey b8P stheadrcottiasthost

non-humanegiamsangbcomstanidiegiondin ignghaspacidhedzell isgand=hdcefld sraapabienafrdgvigioping into

a non-human,mammal,ablfolR REGFLIGE & FRPRIPHS RLARBRRRYIRS VR RS RhiMagis,: said chimaeric

antibodies having a nonhuman mammal constant region and a human variable region. Optionally the

genome of the,GellisdpadifiethirRisyvererrsssioneh bily hashanssiaanmpeciifanitodies In one
aspect the Ccet?lg ishan induced Iurilps%gent stem cell (iPS cell). In one aspect cells are isolated non

ose nome mpri . L
human maffimalian cefis. onepaspect a cell as disclosed herein is preferably a non human

mammalian cell. (a) a plurality of human Ig light chain kappa V regions and one or more human Ig

light chain kappa J regions upstream of the host non-human mammal kappa constant region
and/or a plurality of human Ig light chain lambda V regions and one or more human Ig light chain

lambda J regions upstream of the host non-human mammal lambda constant region; and

(b) optionally one or more human IgH V regions, one or more human D regions and

one or more human J regions upstream of the host non-human mammal constant region

In one aspect the cell is an ES cell is capable of developing into a non-human mammal able to
produce a repertoire of antibodies which are chimaeric, said chimaeric antibodies having a non-
human mammal constant region and a human variable region. Optionally the genome of the cell

is modified to prevent expression of fully host-species specific antibodies.

In one aspect the cell is an induced pluripotent stem cell (iPS cell).

In one aspect cells are isolated non human mammalian cells.

In one aspect a cell as disclosed herein is preferably a non human mammalian cell.

The invention also relates to a cell line which is grown from or otherwise derived from cells as
described herein, including an immortalised cell line. The cell line may comprise inserted human
V, D or J genes as described herein, either in germline configuration or after rearrangement
following in vivo maturation. The cell may be immortalised by fusion to a tumour cell to provide

an antibody producing cell and cell line, or be made by direct cellular immortalisation.

The present invention also relates to vectors for use in the invention. In one aspect such vectors
are BACs (bacterial artificial chromosomes). It will be appreciated that other cloning vectors may
be used in the invention, and therefore reference to BACs herein may be taken to refer generally

to any suitable vector.

In one aspect BACs used for generation of human DNA to be inserted, such as the VDJ or VJ

regions, are trimmed, so that in the final human VDJ or VJ region, or part thereof, in the non-



The invention also relates to a cell line which is grown from or otherwise derived from cells as
described herein, including an immortalised cell line. The cell line may comprise inserted human V, D
or J genes as described herein, either in germline genfiguration or after rearrangement following in
vivo maturation. The cell may be immortalised by fusion to a tumour cell to provide an antibody
producing egthaneh&athing yqbenbeasieuyicdicad:taitwasipmpdlisating oddirapresanigingngon also
relates to vsee%lﬁgf'?cgqr use in the invention. In one aspect such vectors are BACs (bacterial artificial
chromosomes). It will be appreciated that other cloning vectors may be used in the invention, and
therefore rﬂerence to BACs herein m%g? taken to refer %enerall%ggrgrﬁ??uitg]ble vectar. 17 human

one aspeclt. h8 mY.ent{on re (0] vector com% I{1§ ﬁn g era ¥] com rISIn(? a
mammal no sequerice is duplicated or 10St when ¢ompar the original humah genomic sequence

In one aspERLRSTAVEIRTORANAIERSS 18728\ dBS REPAPIGHPaM iR, RetedanPIRIAY) %tegion of
human DN#ofnchatdome dttehéahkingedNKInhp cdfibleeus)eflanked bsldotsAewtzidde risonohéronmthat locus.

The flanking O NAMAYLORPRERIORRE MR SAisSiahle (ReikCEsRERBS PIMRARSIRISGPESIHC

recombina iop sites..lln one. as ectt.Ehe vector com riseDs 2.0r more, such as 3 Qﬁ:ter. sgeciffic and
. . eterospeciric. and In mBa ible” sité .?8eCI IC recombination ﬁl es.’In one a?peét e site ;%em IC .
incompatible site 'specific recombination sites. In one aspect the site specific recombination sites may

be loxP sitECNFIAARERRBOPeIPERYesitRsVarritIsts tharést I Aitsharagpaue the s ctBPBBmprises
one or moraspeh§possivt TRnfrisertee temukdiaegreat) 8] Uievats! tkrroina egpeltstuwanoashuman
animals of the invention suitably do not produce any fully humanised antibodies. In one aspect this is

because there,is ng DIVADSEHES, oM he e CORRATLeging, AR RISy there o g human

constant regic())HeDRﬁR In the genome capable of forming an anti )éin conjunctlolﬁc\?viﬁ'r\%heu ihserted

human varlXBI8TEtASRACEOIh BBH ERt PO s SR REU TS SN it 2 BNV TS T Ra M WBRRtant
region DNAs@isteayien frdtereatyado Hstaris reghoméau neastddNAgamdPhifnia the gdadrie regrateDNA. In one
aspect huniamiig inchisbep istanfurRGvitiNAcMe¥riea Hichad edrianib esgrih gRnoBatpeHeht that a fully

human 'a”‘é?%ﬂnoﬁléwﬁﬂgggcﬂb‘ﬁl%ﬂ hRagy ﬁ[}r%gh'@ég&‘aﬂtergg? efﬁiﬁdor%éﬂk%WQM'QB%’ngE%ﬂb'e to

form an antibo Imaeric heavy chain, and not produce a fully human antibody having human
variable an§XYhEtNABYDARY fHEAR WERRE GO N BN human mammal genome is modified to prevent

expression of fully host-species specific antibodies. Fullk; host species specific antibodies are

antibodies th8MhAVRCBItH VA HNEHD CBIsAEHeRs) oM PRLEEDD NS FRNARECcEfext the
term 'specifietia fvdy inneaddambdeas Ritkarpanu vt risdthehaintibishice menturied. ipyttHis ddbr animals
of the invertigrbublatbasia theaatigiayalithe DAawichLpcddes thospantbagdiestully anmaspect the

non-huma%mg(ggyn]%w] q]gmgnigarmqg%g {:grgggp(tqg&ig;@ression of the native (fully host species

specific) antibodies in the ma_mmal by _mactl\_/ation of all or a part of the host non-human mammgl lg
loci. In one,a3peciHus BARNRYGRRMYATS QBrRhA IO Nl HE-OQH UIAAR JeAB Ml ids region, or
VJ region, o&tlonal g}(clnsertl .nsofF(ahﬁe or more. site sgiﬁaflc [)ec_omblnase sites np]go the enome and

ecies s ic_antibodi host species specific antibodies .are apti ies that ha Q
then use Ofs ese |Fes Inrecom |nasé’-med|§Fe excCision or nversion OPBHPOI' a par{]o\fethe non-human

mammal Ig'R5ehis. MbrrRNEapltagiPer(ipe iR/ ERsiopoAnBIb & e R the Tt tePatiive ithrol/ (D)Js
away from ithenesitl agesiatesttoths lsindrifien thénateblaie iproeustan hyhich @lits dheninalshef aberect

Orientation_idvneﬁm ﬁ%%ﬁté_ith'Srﬂ&ﬁ%f%iF@@Nmﬁ%%ﬁéé&tﬂﬂﬁs@%ﬂ%&&n mammal vDJ region toa
centromeric locus or telomeric locus. In one aspect the non human mammal genome into which

human DNA ishinsestedicO mpseR-ANHAgRAPYsHYmED) ARdifkEegiBRseANE IS SBH Qg gROMRIREUENCeS
have not bﬁgqu]%

L(:f‘tse;giécies specific) antibodies in the mammal by inactivation of all or a part of the host
non-human mammal Ig loci. In one aspect this is achieved by inversion of all or part of the non-
human mammal VDJ region, or VJ region, optionally by insertion of one or more site specific
recombinase sites into the genome and then use of these sites in recombinase-mediated excision
or inversion of all or a part of the non-human mammal Ig locus. In one aspect a double inversion,
may be employed, the first to move the V(D)Js away from the endogenous locus and then a more
local inversion which puts them in the correct orientation. In one aspect a single loxP site is used

to invert the non-human mammal VDJ region to a centromeric locus or telomeric locus.

In one aspect the non human mammal genome into which human DNA is inserted comprises

endogenous V, (D) and J regions, and the endogenous sequences have not been deleted.

The invention comprises a method for insertion of multiple DNA fragments into a DNA target,

suitably to form a contiguous insertion in which the inserted fragments are joined together directly



18 without intervening sequences. The method is especially applicable to the insertion of a large DNA
fragment into a host chromosome which can be carried out in a stepwise fashion In one aspect the
method comprises insertion of a first DNA sequencg into a target, the sequence having a DNA vector
portion and a first sequence of interest (X1); insertion of a second DNA sequence into the vector
portion of thenbistisreALAMgEsdhREasONHINANSEGLIcBsERAY KpIR AN M thsaasRnGe Afdniegest (X2)

and a SECOBQA"E&S%RHWQQ;h%&d%ﬁ*ﬂo‘?ﬂo%ﬂ%“mcﬁ'}%r}’ G REANRICS JANARSRARBANG X1 and X2 to

provide a contiguous X1X2, or X2X1 sequence within the target. There'is optionally insertion of a

further one, or, Mo INA, SRHENES R NG AR GSNAMRG ALTHRe é%%‘t‘ﬁﬂ&@e‘at&fc%mt _
(X3,...) and a further vectorﬁorthn, Intg the vector portion of the recedlnﬁ?D A se?(\ir;ence to build up

a contiguo8'PIRA FNGEREIPHCEPELE THL BREIER L PEY FRE MNP RS st 5 ”ge%@nce may
be a specifiesienes aiey theinesPtegenchbofisiertdeenss.cor. Teengehbfabantneg Rrdeg@ibed
herein in reledion edoenasertinrrede(greints Hktrendusanr\Hodidegsn, the isxaipipticate éattnsertion of

any DNA regigg, fLOBNATS UGRRISTY REKD B%t&%@rai%ﬁ{ge&gfﬂwe&%ﬁr@g&smg Rt 00kB,
such as 100- 250kb, or even Iar_ger such as thﬁt of the TCR or HLA. Features and ap%r]:aches

described MSdMiOR r2RBECP STHREID NRSESAISH T8 LRI SFHIOH SN e Phethods
disclosed |pegHnesparinthe fudertetRNIKGChinteEastBKEA, S e asiuribenyastm WEPBr iordtsion, is built
up in the gesasneafiencdlkhsutboasian B\ celubh& stepulisauprannstigusingtN A frdgief, if,tBe 9, 10, 11,
12, 13, 14,1520 or more separate insertions for each heavy chain or light chain region. Fragments
are suitably inserted at the same or substantially the same cell locus, e.g. ES cell locus, one after

another, tofQURNRELGENRICHR MM OF M FRIINTA QERAAIDRISPH BN ERSSRL LG iIghalsehEelates to

cells and non-humO réagriﬁgalasr gg[nprising intermediates in the process whose genomes may comprise
only a part%ﬁr\?iﬂ‘j reg%n, such’'as only human variable region DNA. In a further aspect the method for
producing ?r%{%%ﬁ%??'r%e‘%f???f*ﬂs“d@é‘éhégé‘%%ﬁl T ﬁ{é?ﬁ%. §gh@8§%h°£¥.8|ferr%‘ém98f}é[§%8rﬁ%(f\/§9'O”S

upstream of ost non-human mammal constant region by step-wise insertion of multiple fragments

by homologRidrib iiARRIFGR prefeteiRy iRRYaANfeFaa0e. frtedy. YaRABN: ffag RerRigar
approximaiesgriQOsiBafgerD MAchgmeats WD) HOEBY Judtes Hik-r2Seke dr sudalHigeo, feunh pathalf, or a

complete, YOHOrOR sedionN afesthe tinaldtpratigrLhdbairacttiam Mecsss: aptHiselspddRiein. In one
aspect the masetgtion l}gqpces%%qm&]eenc% AL a; S?} e (\!grglasrq an initiation cassette has been inserted into
1T,

d : :
the genome of a cell. such as an E5 cefl, providing a uﬁlasuee targeting region. In one aspect the

initiation cass@le L5dasH TN dhe 0Rn IMANSRATINA] AERONGAAINVASUS VordRg A BSR Tion Of
human heavy chain DNA. Similarly an initiation cassette Is inserted in the non htiman mammal light
chain locu< 8F 98B°MS7E8r G IR G AR FigEbHAR NEPMREATPARCIHERE S TdsSefle s Gitab comprises
a vector batkbénd Setfudacelndthmetticteraiatetiopditirindon eramana@iNgalroof digihehgimreag@same

backbone sesyisitte sansiessnbingde st thadumasshthintadhamtelbés BoiSkeelkgerame, and
suitably a sglectign, @@Q‘S}ﬁo%%?,ht@?oﬁn?ﬁgaé V@o%‘?ée\?ﬁ%rr%% om Uiagly g yector backhgne

sequence is that of a BAG library, to allow {)A s to be used in the construction of the ES cells and
mammals. FROECRRCHEEEH IR Y ARh S TL P AL ARVEIS K MRS O HRERIR I JBARISESESA target
site into whitthsg hemuoley 0w seqaestcentan askat oy esgionphadiydsormiglogoas vedakisbiegition and
RMCE, anopreferably not DNA encoding any of the VDJ or constant region. In one aspect the
insertion of the first DNA fragment into an initiation cassette is followed by insertion of a second DNA
fragment intoafpaiéioaspédhendinab b dragonecihgsalitehbyenpaibohtheav ectaimackbpnessfttee second
DNA fragmgod i QPRARREFH 2805 EhONALLEABEAE FREIRERER Adn bR BTN & region

flanked by 5' and/or 3'_sequenc s that are not from the human VDJ region. In gne aspect the 5' and/or
3' flanking REGREEER ‘r‘?%y"%%@f A rS%’EecB‘r‘Srﬁ’éﬂrE"g@'@Ei’é‘Bléeﬁ?gl*?éf?g?’br%%f%a%'éﬁﬁé"cgf%}eating a
selectable s§/&fdmriprasnSuitedl fineniRaiyeimRpreximabie WEKEATan e b idhkang ¥ddrfthces may
be removedré it ilee, gainmin eifovitpayiaif, bra\voriaBayWTY Broer iedior afamehaspaidteiasometired

comprises insertiop ol DNAtragment faowed by selection of both 5" and 3" ends of the inserted
fragment flanking the human VDJ DNA. In one aspect the iterative insertion is made by insertion of

DNA fragmgrissaldiethe s ahithe RIQUO USinRRHEI Jr aametheAl i AsRRS L #aaTSs 'havh be

deletion in vivo OJI e yector DNA*whi(ﬁh serparategéhe insertg.d human DNA eguences to Qrovide a
. uhserte | I\t}lﬁgenome Of a cell, such as an cel , providing a unique targe Ing-region. hon
contiguous human equence.

aspect the initiation cassette is inserted in the non human mammal heavy chain locus, for use in
insertion of human heavy chain DNA. Similarly an initiation cassette is inserted in the non human
mammal light chain locus, for use in insertion of human light chain VJ DNA The initiation cassette

suitably comprises a vector backbone sequence with which a vector having a human DNA



In one aspect insertion of human VDJ DNA into a genome may be achieved without leaving any
flanking DNA in the genome, for example by transposase mediate DNA excision. One suitable
transposase is the Piggybac transposase. In one agpect the first human variable region fragment is
inserted by homologous recombination at the initiation cassette backbone sequence and then the DNA

of any negatiymsielpchionamrrkaciabrd BBiREAB.CaFsREeAIReSIUIRESHIMRIBURINOIE by treEnbination
between regompiiasg @%EGME‘&%%WECJ%@&EB%#%’P,QSUM“A% SXUDRIC. SLEARS FpkeSSion.

Generally repeated targeted insertions at the (e.gi ackbone initiation sequence and subsequent

) . BAG) ba .
removal by tERAMYEIRERT BRIHERR SerEs MLE ta?ﬁg%%HUQWCé% A BPERIBATI BN U the entire
human VDdonstjstianpefttearbektisa@tbramreindimhyarioo heckbere giarenneonaydserenbsedartable
marker or sygtRAtaayiGe ssvest iadhe meshede The matkes maydrg@enesqiestypen inseiigor of a DNA

fragment info, 4, 9eRO R S G PR ERMNLASRIGE R IR MAKGL ML HH BRACS WAL G R?"S‘fe'eme”t

already present in the genome, In one aspect the cell (e.g. ES) cell genome does not contain 2

identical selScYHI8 FARIL 8 Me same time during the process. It can be seen that the iterative

process of insertion and selection c(ﬁn be_carried qut usinq&]onl%/gz different select_io? markers, as
a r

disclosed iMtRR%EXRFHILS KT P Mt AN o1& BHE TRl T8 IO SRS 5y 'BISHSE Nk al to the
first markemsgstioy ehe seeeneDHO lirsareintt aretitrdol hetbistalymrarasatfivgtaRbceorariRiiient and the
first markerémas heerbiemaietie | 3aanada SPECtfagasreclinsestiaspesteat, inseanlinmed betpienmoving to

the next steg.ofRBY MpuiisieR HANROBIPLERS AAENINBISRYFOINaQR AESACStrIURR using
high densnh/ugf’enovrBrli arrays to screen It:'% cells té)/ |d§,r}}|fr¥kthose with intact BA% insertions, sequencing
. S

an region. In one ect the o' and/or INg sequences may e ntain one or
and PCR verificatio Ier(l;one aspeé"ts e met Od1 use e Specic recorﬁb?ﬁa 10nTor insertion of one or

more vectdFinEs R pAesT arde carriiead sieatisce peisiieip SysRManemibResse §Y_tbfs are well
known in theramandrnoay &pkudersrerbotheladkirigRididncsscambiieationsdt @ thm gehdahe in
[Ecoé‘"bi”aU%,%ﬁCHr§iQ§?tY¥ﬁ‘&ﬂr% %ﬁ‘i?e?ti@ﬁyiﬁ}g HeHHSIYCE ahgrzﬁg%éﬂga/ -c&ﬂiﬁ?@? iﬁéﬁi%r@@fé\t?i]ﬂm? form

e Sanger_centre, see engme-wi -sequence 5V Ibrary resource for targeting
oetor con R P e B B Bl e SR e e o B T R i
Davies R, BBAHM IR, angasrerd iR disralv s Insatian iB Madery Rsge pf B E39meteAbic. 2005
Dec;86(6): é63-3. thepnie OG5tV fragrecW edod mehlsr aspSattges Insyitbke]ditiiudom viawflitiegeshire

CB10 1SA, L8 BRESSONLRINIALLE HBaR AN AR RIsQaya RRIR ST ok £ X3HHEL JVIHERGAN. A
suitable Iibfﬁ% is described in Osoegawa K et al, Genome Research 2001. 11: 483-496. In one aspect

a method of the mvention specifically comprises: (1) insertion of a first DNA fragment into a

non-human, &5, cel, te ragment contalNG. & 1Sk POUIQn of MPRDAYRA 85 AHSRIGR RN pnd 2 s

vector portion containing a Tirst se ectab
flanking DNA in the genome, for example by transposase mediate DNA excision. One suitable

transposase is the Piggybac transposase.

In one aspect the first human variable region fragment is inserted by homologous recombination
at the initiation cassette backbone sequence and then the DNA of any negative selection marker
and initiation cassette are subsequently removed by recombination between recombinase target
sequences, such as FRT using in this example, FLPase expression. Generally repeated targeted
insertions at the (e.g. BAC) backbone initiation sequence and subsequent removal by
rearrangement between recombinase target sequences are repeated to build up the entire human

VDJ region upstream of the host non-mammal constant region.

In one aspect a selectable marker or system may be used in the method. The marker may be
generated upon insertion of a DNA fragment into a genome, for example forming a selectable

marker in conjunction with a DNA element already present in the genome.

In one aspect the cell (e.g. ES) cell genome does not contain 2 identical selectable markers at the
same time during the process. It can be seen that the iterative process of insertion and selection
can be carried out using only 2 different selection markers, as disclosed in the examples herein,

and for example the third selectable marker may be identical to the first marker, as by the time of



(2) optionally deletion of the a part of the first vector portion; (3) insertion of a second DNA fragment
into a non-human ES cell containing the first DNA fragment, the insertion occurring within the first
vector portion, the second DNA fragment containing,a second portion of the human VDJ or VJ region
and a second vector portion containing a second selectable marker, (4) deletion of the first selectable

marker angniigslioreetahP AitionNepra ety YR MeOrRbInAsERIBAY BRI asHGhst (Ranasartionsina third
DNA fragmept,inte @ non-human ES cell containing the second DNA fragment, the insertion occurring

within the second vector portion, the third DNA fragment containing a third portion of the human VDJ
or VJ regioin and asttct aeoctorch drttioaoeteanning ¢hnfoinse eiattripdemoairceto (% detettp of theysecond
selectable m%%[} %ﬁﬁc%'?’f@e\fﬁ%f BREHRR apdt;o(m?ihﬂataxi@ﬂngwe{}ﬁxi@%qjémgeﬁt&nd%ﬂsweletion,
as necessary, for fourth and fur ragments e human. uman regions, as necessary,
o produce e Pt & S Eb P KR et M el A e T, e S e v,
and suitabl§$8 Y&HI6RI the vector portions within the ES cell genome. In another aspect the
invention comprises linsertion of DNA forming an initiation cassette into the genome of a cell;

2insertion &f ankresPPIANR ADRHINt YBes fife fvttrififoreemdaationfes firaroN AffRagMefpre vectors

into the genome of a cell, such as an ES cell. Site specific recombinase systems are well known
in the art and may include Cre-lox, and FLP/FRT or combinations thereof, in which recombination

occurs between 2 sites having sequence homology.

Suitable BACs are available form the Sanger centre, see "A genome-wide, end-sequenced 129Sv
BAC library resource for targeting vector construction". Adams DJ, Quail MA, Cox T, van der
Weyden L, Gorick BD, Su Q, Chan WI, Davies R, Bonfield JK, Law F, Humphray S, Plumb B, Liu
P, Rogers J, Bradley A. Genomics. 2005 Dec;86(6):753-8. Epub 2005 Oct 27. The Wellcome
Trust Sanger Institute, Hinxton, Cambridgeshire CB10 1SA, UK. BACs containing human DNA
are also available from, for example, Invitrogen. A suitable library is described in Osoegawa K et
al, Genome Research 2001. 11: 483-496.

In one aspect a method of the invention specifically comprises:

(1) insertion of a first DNA fragment into a non-human ES cell, the fragment containing a first
portion of human VDJ or VJ region DNA and a first vector portion containing a first selectable

marker;
(2) optionally deletion of the a part of the first vector portion;

(3) insertion of a second DNA fragment into a non-human ES cell containing the first DNA
fragment, the insertion occurring within the first vector portion, the second DNA fragment
containing a second portion of the human VDJ or VJ region and a second vector portion

containing a second selectable marker,

(4) deletion of the first selectable marker and first vector portion, preferably by a recombinase

enzyme action;

(5) insertion of a third DNA fragment into a non-human ES cell containing the second DNA
fragment, the insertion occurring within the second vector portion, the third DNA fragment
containing a third portion of the human VDJ or VJ region and a third vector portion containing

third selectable marker,
(6) deletion of the second selectable marker and second vector portion; and

(7) iteration of the steps of insertion and deletion, as necessary, for fourth and further fragments

of the human VDJ or VJ human regions, as necessary, to produce an ES cell with a part or all of



comprising a first portion of a human DNA and a first vector portion containing a first selectable marker
or generating a selectable marker upon insertion; 3optionally removal of part of the vector DNA
4insertion of a second DNA fragment into the vectgy portion of the first DNA fragment, the second DNA
fragment containing a second portion of human DNA and a second vector portion, the second vector

portion contRimiigan $BAI/IeRMAMEMRY keldistigRAETaENg ahecaraslSslegtabicangkesdion
insertion, 56’09&9%4U¥hiﬁ‘?ﬂé°é’§"c&f g§u‘m()%g_ctor DNA to allow the first and second human DNA fragments
to form a contiguous sequence; and b6iteration of the steps of insertion of human VDJ DNA and vector
DNA removal, as necessary, to produce a cell with all or part of the human VDJ or VJ region sufficient
to be capable of generating a chimaeric antibody in conjunction with a host constant region, wherein
the insertion aidnge,8psoarR, iovaatlonf dhrepkddéd fragments uses site specific recombination. In one
aspect the non-human mammal is able to generate a diversity of at least 1 X 106 different functional

chimaeric immun(?%grggrhin W@&r{lﬁa comibynj\ll(i)gns In gletaz%ec(te tgr%aq%e&mg is carried out in ES cells
derived from the mouse \IS , C57BL/E , 13888 6" 1395 °slain. In"one aspect non-human
animals, sych as mice are, aenerajad,in,a RAG-rdsficient hackaround. or aihergyighie acpetic
background which prevents the productiori of mature host B an ymphocytes.

comprising a first portion of a human DNA and a first vector portion containing a first selectable

marker or generating a selectable marker upon insertion;
3 optionally removal of part of the vector DNA

4 insertion of a second DNA fragment into the vector portion of the first DNA fragment, the
second DNA fragment containing a second portion of human DNA and a second vector portion,
the second vector portion containing a second selectable marker, or generating a second

selectable marker upon insertion;

5 optionally, removal of any vector DNA to allow the first and second human DNA

fragments to form a contiguous sequence; and

6 iteration of the steps of insertion of human VDJ DNA and vector DNA removal, as
necessary, to produce a cell with all or part of the human VDJ or VJ region sufficient to be

capable of generating a chimaeric antibody in conjunction with a host constant region,

wherein the insertion of one, or more, or all of the DNA fragments uses site specific

recombination.

In one aspect the non-human mammal is able to generate a diversity of at least 1 X 10° different

functional chimaeric immunoglobulin sequence combinations.

In one aspect the targeting is carried out in ES cells derived from the mouse C57BL/6N,
C57BL/6J, 12985 or 1298y strain.

In one aspect non-human animals, such as mice, are generated in a RAG-1-deficient
background, or other suitable genetic background which prevents the production of mature host B

and T lymphocytes.

In one aspect the non-human mammal is a rodent, suitably a mouse, and cells of the invention,

are rodent cells or ES cells, suitably mouse ES cells.

The ES cells of the present invention can be used to generate animals using techniques well

known in the art, which comprise injection of the ES cell into a blastocyst followed by implantation



In one aspect the non-human mammal is a rodent, suitably a mouse, and cells of the invention, are
rodent cells or ES cells, suitably mouse ES cells. 22 of chimaeric blastocystys into females to produce
offspring which can be bred and selected for homogygous recombinants having the required insertion.
In one aspect the invention relates to a chimeric animal comprised of ES cell-derived tissue and host
embryo degvedissienitRtonasprstshalnveriisdutelatepingaanetical ralbrie d RUDS e uE ir

generation r%ﬂlg}zb%u@’%&ﬂ RS A0IRAR *Péa{l P&%@QJ&RW@SH& J?é%%mpéﬂﬁv”éﬁtﬂ:)q{ Mg ley) andlor VJ

regions. In a further aspect the invention relates to a me ducing an antibody specific to a
desired anﬁB'@WTﬁ@PHB?hBﬂ"E%ﬁP&ng g rRASRIRY t&?fﬁn@@%ﬁ&sﬂ FAATTIS 42 8Bdve with
the desirechsiraitére anvgniévoieiies) ttheeneliibbidglitsed sukpeaaibaesrEragionzananals, vaoa, iBohidslition,
Antibodies akirhabasaie) y MatizadoGoletShtsingnts asbme hal. Regssy Rlajioview, NY; and Pasqualini and
Arap, Proceedings of the National Academy of Sciences (2004) 101:257-259). Suitably an
immunogemcaamméntaeb&eetﬁ@tieemiérﬂeiuegee d %ﬂmmbn@wn@lﬁ%te@w&mf@ letecting a
target anthjen c%mﬁ)nsmghdete&yrégcgn anntrl1 oI Eﬁro nuce | as af OcVﬁoW'rtmu as seconda Y, degectlon agent
which recognises a rtlon Y of that an%)oa'ygln a Turnar aspegt theTAvention re?gltes to a mefhod for
producing ¥HIfenerrEs SRS QRIFELRRARHRRER SRR 2ot HAlgEnte AdrMumatdiBammal as
above withetitodesmiabdiesigehabectvervantiat SottbSphyngr-tetisr dxgbrddsisg Rianaintibolty, amdl then

replacing thedQaiUERaN MRl SANEIARTHE @R ha-aUmAB constant (@cgj@m(ﬂhieﬁ@sppe done by

standard c@nmﬁ technlgnues at themou% l\elr te1l tg re elr?‘(l:se éhevere glrl]ma}]n/ g mrQ al %%grit region with
an appropriate Uan constant re A se u ce - see e.g roo " and usse? B. (2001,

3'd edition) bRt EadH g 19e B@I%%Bﬁ?mﬁlﬂ‘al‘{‘é?ﬂw‘gﬁﬁﬁ@t'%HPﬂ‘éﬁfdlﬂﬁe%%o"Pl‘émﬁew NY).
In a furthersaspeeryhietastientgent @lbiths ¢cobuinea i pediemeiibaliestiapdy antibody chains produced
according to the present invention, both in chimaeric and fully humanised form, and use of said
antibodies in anfedicinaspeaetirvientitnaletaralates toethdqahfumpasiidtigah doim hositicisedoaniisiging such an

antibodies gnhaspaaFmAGRMNIS Al Ace R RIS FRFHST RRATREN SXGIRICO L AN ROy FERIATiGaNtaining

human sequences, ch asb |maer| human -non hum %ntlbo&i)( chaln are onS|dered humanlsed
F verllg?h e ant ressm'go{ (5 an an hen re non-h
herein by virtue e resenc ein co regions reg y humanised

antibodies Ry ?ﬂ@ﬁﬁl&éﬂgﬁamﬁg%@ﬂ‘@l\%ﬂéﬁﬁbtﬁﬁ'@% JM‘mﬁ%”nEea‘Fﬂﬂ?ddyséﬁEiﬁf SR hvention
using standattthkpeisniubs. Methkds! for tleplgen dratimm-afiibeth maomoal aakand eolyclontal antibodies
are well kn%%muétéerﬁ%aﬁn&ﬁ%rﬁr?eﬁ%ﬁ BWRfHéQUerrﬁJ@te%é@ Q(Q}h egngeu@Iﬁaﬁdnmealonal
antibodies 8 imaeric or fLMX hu[‘n sed a%llqogl ﬂuce response to gntlg gmallenge in

001 t lecu on|n nual (Co n arbor
non human‘mammalsor resent mvention. Th'a ye era pect Bhithaetic antibodies or antibody
chains gen%'r"‘é’fé'&"l’n"ﬂﬁé present invention may be manipulated, suitably at the DNA level, to generate
molecules with antibody-like properties or structure, such as a human variable region from a heavy or

light chain absentna,capstamd GaioRiclPFRaMBRum 05881 BRI, PERIBMN BRMRIRBIR d&gion with
any ConStage[cc)zrglng to the present invention, both in chimaeric and fully humanised form, and use of said
antibodies in medicine. The invention also relates to a pharmaceutical composition comprising

such an antibodies and a pharmaceutically acceptable carrier or other excipient.

Antibody chains containing human sequences, such as chimaeric human—non human antibody
chains, are considered humanised herein by virtue of the presence of the human protein coding
regions region. Fully humanised antibodies may be produced starting from DNA encoding a

chimaeric antibody chain of the invention using standard techniques.

Methods for the generation of both monoclonal and polyclonal antibodies are well known in the
art, and the present invention relates to both polyclonal and monoclonal antibodies of chimaeric
or fully humanised antibodies produced in response to antigen challenge in non human mammals

of the present invention.

In a yet further aspect, chimaeric antibodies or antibody chains generated in the present invention
may be manipulated, suitably at the DNA level, to generate molecules with antibody-like
properties or structure, such as a human variable region from a heavy or light chain absent a

constant region, for example a domain antibody; or a human variable region with any constant



region from either heavy or light chain from the same or different species; or a human variable region
with a non-naturally occurring constant region; or human variable region together with any other fusion
partner. The invention relates to all such chimaeric,gntibody derivatives derived from chimaeric
antibodies identified according to the present invention. In a further aspect, the invention relates to use
of animals pGibeRiasaRtiMERien igrihthanalyeishel dhadikebietatisetidsugs-andnsoringsdn the

context of g gUAsRUMAN. ﬁQHBﬂQXJ&P e{}OéB%stEﬂFréB}é‘?ﬁnHPﬁ‘uﬂx'éﬁ’ JS%S‘B‘?e rE%.S‘n%%‘QRQ (ot dpptfication

or validation of a drug or vaccine, the method comprising delivering the vaccine™or drug to a mammal
of the inveRtfHh Hﬂ&"rﬁ%ﬁ%“ﬁirnTBedH\éeB‘H%b‘?‘é‘t%? t‘ﬂ?éPﬁ’ﬁ?ﬂ GRE7EERaR qébé)%%eg%ﬁ‘[é‘f?ﬁ%’m&d {8 effect on
disease. Thbinragsntohbatties idtatfied@acediticotarisinesent amtitiiody or antibody derivative as disclosed
herein and either instructions for use of such antibody or a suitable laboratory reagent, such as a
buffer, antibiori{pdieeeasinstdagyarentierceiaits iesirectbaniaaneitio nreskitasventiandio theangdsisnammal
whose genentie him RIfses of( @utseaiivaadinkghn\Hasagiapipgice rnaredrietibosy rgerditsnan mammal
constant region; and (b) the human Ig light chain kappa V and J regions upstream of the host

non-humarrheanvensbk agjearelatestasnbregiaodamdiosrifeiomanvigidigloh alfaanlagnbdeadtiagdkkregions

upstream %&h%&‘%ﬁmﬁﬁ’é?n@W&]l@@rﬂbam'clﬁ'@W%r‘ﬁ%ﬁé@%éﬁ%&%f"ﬁﬂ%@%mﬁ SnAuHRaRgnammal is
a

able to produce a rege{t%re of chlmaerlc an hbo ing.a nan-human mammal constant region and
Bi Ia'] e re ons ﬁ ro |I the effect on d ela
a human vanabié region, and op jonal yw erein uman marmma génome is modified to

prevent ex%essmn of fu\%) 28 speC|e vg)ecmc antlbodl s. £ hon- péjmala mamma EdSSC(ieIIWhose
u

e Inventio es to, a (15]%”8&% an_anti or antl erivative as osed
genome comprises. (a man g region U tream O non-numan mammal constant

region; andrerein and either instructions for use of such antlbody ora swtable laboratory reagent, such as a
buffer, antibody detection reagent.
In certain aspects the invention relates to:

A non-human mammal whose genome comprises:

(a) the human IgH VDJ region upstream of the host non-human mammal constant region;

and

(b) the human Ig light chain kappa V and J regions upstream of the host non-human
mammal kappa constant region and/or the human Ig light chain lambda V and J regions upstream

of the host non-human mammal lambda constant region;

wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies having a

non-human mammal constant region and a human variable region,

and optionally wherein the non-human mammal genome is modified to prevent expression of fully

host-species specific antibodies.

A non-human mammal ES cell whose genome comprises:

(a) the human IgH V, D and J region upstream of a non-human mammal constant region;
and
(b) the human Ig locus light chain kappa V and J regions upstream of the host non-human

mammal kappa constant region, and /or the human Ig locus light chain lambda V and J regions

upstream of the host non-human mammal lambda constant region

wherein the ES cell is capable of developing into a non-human mammal, being able to produce a
repertoire of antibodies which are chimaeric, having a non-human mammal constant region and a

human variable region.



(b) the human Ig locus light chain kappa V and J regions upstream of the host non-human mammal
kappa constant region, and for the human Ig locus light chain lambda V and J regions upstream of the
host non-human mammal lambda constant region yyherein the ES cell is capable of developing into a
non-human mammal, being able to produce a repertoire of antibodies which are chimaeric, having a
non-human mammal constant region and a human variable region. 24 A method for producing a
transgenic non-human mammal able to produce a repertoire of chimaeric antibodies, the antibodies
having a nenrhéthzantsn Prairirep astantgeao Rcirslmdimanvariabile tegiodudbeameibasirsosnprising

inserting by hamalogals JecAMPIRRHIRRITRHE AHOMARMAIHRE| Eonstsit ASRAMIRY a nuddhthe

human IgH VDJ region uRstream of the host non-human mammal heavy chain constant region, and
(b) the huMﬁHaPéirgﬂJ%éiSHTll%tP?Srﬁ%H%.”?)'P%Bﬁﬁ"Hm%}fr{‘é”ﬂﬁ'?ﬁ%‘éﬁﬁe8?’ﬂ?é!‘ﬂt€& RS R AR #mmal
lambda or Regvpeethairetenreatst region, respectively such that the non-human mammal is able to
produce a repertoire of chimaeric antibodies having a non-human mammal constant region and a
human variable region, iheheihustepdaa)Vadds@peapsbeadafide Gapimethepatdeang Beryy of steps
(a) and (b) can bechairredsartirdgostepwise manner or as a single step. In one aspect the insertion of
human VDJ or VJ regions upstream of the host non-human mammal constant region is accomplished
by step-wise insertion of(multeptefragipents leyitrofaolegods sekappbitiadion upsteae as pechtizse

step-wise insertioﬂénch}?ﬁmﬁﬂ%rﬁéﬁaﬁiﬁjé‘vwfpé‘@éﬁﬁmmtﬁﬁﬁé%ﬁ, hapheeqy nserted into the
genome of an ES cell providing a unique targeting region consisting of a BAG backbone sequence and

a negative sRISHIQMBA KSR IPREASRES NS firstdaumanysdiahie JegindrramekissiRgargd by

homologous (scomiblnation.at the litlion casselte, BAG badkbon seqence and sajd geggtive

selection marker arrTlla Initiation cassette a?rgns‘a%sequentl removeog'B?/’ rec%rr%%ilsﬁg ! _
recombinaS& ARt 4 iR &4heh SRE 8P SErte SRt BRIt [StGAETS M BAGWHSDone

initiation sevarercerasch singesierent removal of the backbone by rearrangement between recombinase

target sequences is repeated to build up the entire human VDJ region upstream of the host
non-mammal@mgmactr@gjoin_sertion of human VDJ or VJ regions upstream of the host non-human

mammal constant region is accomplished by step-wise insertion of multiple fragments by

homologous recombination.

In one aspect the step-wise insertions commence at a site where an initiation cassette has been
inserted into the genome of an ES cell providing a unique targeting region consisting of a BAC

backbone sequence and a negative selection marker.

In one aspect the first human variable region fragment is inserted by homologous recombination
at the initiation cassette BAC backbone sequence and said negative selection marker and
initiation cassette are subsequently removed by recombination between recombinase target

sequences.

In one aspect repeated targeted insertions at the BAC backbone initiation sequence and
subsequent removal of the backbone by rearrangement between recombinase target sequences
is repeated to build up the entire human VDJ region upstream of the host non-mammal constant

region.
Other aspects include:

A method for producing an antibody specific to a desired antigen the method comprising
immunizing a non-human mammal as disclosed herein with the desired antigen and recovering

the antibody or a cell producing the antibody.

A method for producing a fully humanised antibody comprising immunizing a non-human
mammal as disclosed herein and then replacing the non-human mammal constant region of an
antibody specifically reactive with the antigen with a human constant region, suitably by

engineering of the nucleic acid encoding the antibody.



Other aspects include: A method for producing an antibody specific to a desired antigen the method
comprising immunizing a non-human mammal as disclosed herein with the desired antigen and
recovering the antibody or a cell producing the antiody. A method for producing a fully humanised
antibody comprising immunizing a non-human mammal as disclosed herein and then replacing the

non-humarn maiféaatannstanirmate st iedARERANYIRPERIH RN FEREkiMEigibh DR ARRAWIK a human
constant r‘%ﬂ'Qth%Hbﬁ?é?'é’rBXg%%ﬂt‘%ﬂH“Qr% tﬂ&ﬁb‘h%é%%‘ldcgﬂ%ﬁ’géﬁgetﬁc% antRQRly- trgﬁ’séﬁépgﬁmd cell

or mammal as disclosed herein wherein a human coding region DNA sequence is in a functional
arrangemetIFtR™M D FORTREH T AR AREr E%’H%F?é’&f@ﬁBBtr%'LF&thﬁ%ﬁetrgh%lﬁfﬂﬁ’?td?‘fH@'D‘WA is
controlled lsgding mainriGrian hiegiomisl icarfutstiops asiroac e vdta g peatistherboeteisesnding - region V, D
or J region is in a functional arrangement with a mouse promoter sequence. The invention also relates
to a humanisednegitibo dppreldiscde akwnrdiprs enBrnd yrisedoers @rrsliidhanemetmdudiscsisad
humanisechariibastyse pratdusadisadarthctysd bwilbel indedsined that particular embodiments
described herein are shown by way of illustration and not as limitations of the invention. The principal
features ofithvgliinee ninaarstasdb ehanialciyedr ik vaoding resn bestinbednt sardth aut depaning fuamp die scope

of the inveniigRarbResR skilledinithe bk poogRizeny %épé?f&%t@%%eﬁ% YIBRLAO aPER than
routine stud%pgumerous e uwalgn(}s to the ?lgcgpg ures d descrlbed hereln Such uwalents are
considered’ wnﬂw\’?he %c%r%eoo r|1sS|F'1V\'/e(r)| A grer%rgvereacgﬁ} the C']S.}H‘ée’]&ﬂ pub ications and
patent appRkaEdAE HeioMddRFIBRZEp&EifRCafbf M ePRTIERINMSINY the BOE STaskiP¥inthssEskilled in
the art to whislarthis istuevdienspéstaiias spdtific biicationssandspdbedt sophcatiocs edeitzrain meorporated
by referenceiadheSpe \ﬁ‘m’nﬂh%d&?@&hr{@q‘h‘é@ﬂ@h RHBliFaHAN R %t%HHCRﬁ'BUbY@ﬁo'?EeC'f'Ca”y

and individyglly [‘nfg‘te%é Bopg et .%eﬁ?% Lo ecfﬂ%‘{‘ce The icafive deanord & <8l o?’h when used
in COﬂjUI’]CtIOﬂ Wi ﬁ é)? rm comprising In t e clalims an e Sp ecification may me one "but it

is also congkdtechinnis &k teaishdist ryRaliep prRskains: a(‘t”lé’&g’t"iﬂti@”%{’h‘& Rﬂ@b??ﬁ%"?ﬁaﬁ@ne The
use of the temein’ortamdtatedlhmsfesanse dotthmeane arte/drisuin kesh exiiidithy dicatied to pefentto
alternativeggiba@intiasadimiveary %m&a@@w@@v&b&m@%&mgjmé%@ FHPRQELSFA
definition that ref%rs fo qnlry alternatlves annd W|th 'tlmerp rghg(% thi smappll atl(Pn the rmh ‘about” is
used to indicate that a value |hCIUd°' the |erererr|]t Vatiation Of error Fbr%he evice, s method being
employed ﬁP%‘éffé?Pﬁﬁ]@ﬁh@“%’l'u@”%r 'PHE't\)%tﬂEﬂ&ﬁ’lﬂ%‘?@)&%tﬁ‘?ﬁb‘?ﬁj"fh?eoét%‘i/%lﬁ‘ﬂﬂé%tsaﬂ%aﬁ%ed in this

specificatiameahdnd &g s}, nloes thardsnécoThp isengf tifatetratyr ' for theofl@om jsriserhtosuedmdaritzorhprise”
and "CoOMPUsESs)exAIRYN thalcHiEl aD YeieF T AlEyAUINGS %H%ﬁ%eh@rbé‘?na%%js é}@%tumglﬁmw@nd any

form oflnclqﬁi]l l%‘ISH]Ch gscllglcj:;gds%s grrt1$ci alnccqu[ao% qé a|n|O Or(ﬁ\/ngltan orm of contg\/mmg such
as "contains” an contaln are inclusive or open-en ed and do not’exclu cfdltlona? unrecited

elements oWWé'ﬂﬂUHté?@p@ﬁ*ﬁét'@}ﬁ?ed?@brﬂ'EﬁHbﬂR)\‘r%eﬂ*@r‘ée‘Faé% tU@%%iW%%‘%FE@qutaﬂons
and combinatigivs of tereoliStedhiteregigre tedmeflibe beimg. drarleyeaintpldetédniBe Cheovaoeniomtigons

thereof is iRtpRaaHaIBcludsRhleastans aibReB, C, AB, AC, BC, or ABC, and if order is important in
a particular context, also BA, CA, CB, CBA, BCA, ACB, BAG, or CAB. Continuing with this example,

expressly inelugediataiCopabitation silalhaRiaRd QRAK SBHNEHY' RABCRERBAT EedbmBkERyas BB,
AAA, MB, BRG 0AGRHES nQB pr O%Bﬁé@ﬁ o 21O W B‘reh‘%lﬂﬂg S ?s!; Wébé‘”&h%ma”d that

typlcally there IS no limit on t e num items or terms n any combination, unless oth erwise
apparent fr lﬂﬂ@gt "f@ any form of including, such as "includes" and "incl lude” ) or "containing"

(and any form of containing, such as "contains" and "contain") are inclusive or open-ended and

do not exclude additional, unrecited elements or method steps

The term "or combinations thereof" as used herein refers to all permutations and combinations of
the listed items preceding the term. For example, "A, B, C, or combinations thereof is intended to
include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a particular
context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this example,
expressly included are combinations that contain repeats of one or more item or term, such as
BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled artisan will
understand that typically there is no limit on the number of items or terms in any combination,

unless otherwise apparent from the context.



Any part of this disclosure may be read in combination with any other part of the disclosure, unless
otherwise apparent from the context. All of the compositions and/or methods disclosed and claimed
herein can be made and executed without undue experimentation in light of the present disclosure.
While the compositions and methods of this invention have been described in terms of preferred

embodiments; Banibb@iaeprigtdonibpse alakil EbMsnatbihalivangtians may harrpgliedsiadhe
compositiops andy Rgmgéha%ggrgmqrg%tm% SleRsor in the sequence of steps of the method described

herein without departing from the concept, spirit and scope of the invention. All such similar substitutes

and momf%%‘?”ﬁe%%%%ﬂﬁ% Hﬁ‘a%? ﬁ‘é'ﬂtl]%gs'ﬂ H!Bs%%t 5“8 Qﬁ%@@ﬁe?&#&%@%éﬁ@aﬁ%ré&e%ﬁféae and

concept of the invention as defined t e aﬁ%en ed claims. resent invention is described in

more detaill'tHE ‘tBﬂB‘tNﬁ%‘B%’P?’tﬁﬂ? d“é&?& T ES?&FHE)I%““@ %ﬁggo&é@ AR AR A% M at has
been obtaifmsthegsict Hippyartigengrsobesicdersdped it detmim dspetasedt enbediesiidnt wHilesExample 1
and 2 provigp4etaie thgsedemsal for thiegperse v skatiecsimiyerarappliedrtying euinieicdaymed/savention.

Example 1%Y%@'§@W%%t%@%?ﬂ?@%&fe% 'B‘fV&QHQBfQF}E' RERENIREARY SEHIRANRPOKD of the

human hea\%/J chain_locus contalnln%??ll the V J- regllons upstream of the mouse constant region

and 473kb SPHEAJREN KSR TRYi ”uﬁEﬂeS&ﬂ? P HB DTS Lol SH TEYR” ARSFRAER &R or in
tandem, thenerlifipatienaraprisert droinaserrkiipd i ips RE ae drtmetnioux vabiTsthnsREgiGROmNRItsertion is
achieved byogespe dettgatinghiior=S cefled sinhdephanguesiziad. known in the art. High fidelity insertion of
intact V-D-J regions into each locus in their native (wild-type) configuration is suitably achieved by
insertion ofTheprasebicicterigdraidificsalindir onnase desil (B AE &)IivvibdhedoiaitndSExtaipiesthEBA0ls are
trimmed S%tG%EIEIs&Qee JB’@H\%{F&?’ Méﬁﬂ&“ﬁag%é%rﬁHB!&%?&@%RH‘P%WH@%&#'&? Qiginak,Such
trimming can Peh %%rrétcas 0%}& mrl%gtl)ornbvlv helgrénnghe reI nrt h im etallfn%Cs suita Iy trimmed covering
these loci ate on a erag Rrae o RaT proac 8?u| comple t:?tuman B3Ra
J- eIementssbﬁeﬂ/é]It%%aéb'Oéﬁrﬁt”@@H‘tWB%W%F@@WH’@ are covered by the first BACs to be inserted in
the experimental insertion scheme described below. The first BACs to be inserted in the IgH and IgK
loci may ccﬁ'ﬁ%f?f’tﬁé following V-regions. IgH :V6-1, VII-1-1, V1-2, VIII-2-1, V1-3, V4-4, V2-5 and IgK:
V4-1,V5-2, V7- 3, V2-4, V1-5, V1-6, V3-7, V1-8. Suitably the performance of each locus is assessed
after the flrgt"B'ﬂH;sﬁ'i%ﬁYon using chimaeric mice and also after each subsequent BAG addition. See
below for detailgcbdracsintign %@Hﬁoﬁ%@ﬁ%’@%@ﬁi@xﬁ@oﬂ:y %Zéﬂlﬁ@%@%%@ﬁtﬁtéﬂﬁ%&%%” be
required for the %s ﬁh (1 Efor K to rovm{e the fHH comLPIementt otf human J8gions covering

all 0.96Mb and 64 o Ig‘ﬁg' OCI reé%aé?:t?ve y movse constant region an

the human kappa region upstream of the mouse constant region. Alternatively, or in tandem, the

human lambda region is inserted upstream of the mouse constant region. This insertion is

achieved by gene targeting in ES cells using techniques well known in the art.

High fidelity insertion of intact V-D-J regions into each locus in their native (wild-type)
configuration is suitably achieved by insertion of human bacterial artificial chromosomes (BACs)
into the locus. Suitably the BACs are trimmed so that in the final locus no sequence is duplicated

or lost compared to the original. Such trimming can be carried out by recombineering.
The relevant human BACs, suitably trimmed covering these loci are on average 90kb in size.

In one approach the full complement of human D and J-elements as well as seven or eight
human V-regions are covered by the first BACs to be inserted in the experimental insertion
scheme described below. The first BACs to be inserted in the IgH and IgK loci may contain the
following V-regions. IgH :V6-1, VII-1-1, V1-2, VIlI-2-1, V1-3, V4-4, V2-5 and IgK: V4-1, V5-2, V7-
3, V2-4,V1-5, V1-6, V3-7, V1-8.

Suitably the performance of each locus is assessed after the first BAC insertion using chimaeric
mice and also after each subsequent BAC addition. See below for detailed description of this

performance test.



Not all BACs retain their wild-type configuration when inserted into the ES cell genome. Thus we
deploy high density genomic arrays to screen ES cells to identify those with intact BAG insertions
(Barrett, MT., Scheffer, A., Ben-Dor, A., Sampas, N Lipson, D., Kincaid, R., Tsang, P., Curry, B.,
Baird, K., Meltzer, P.S., et at (2004). Comparative genomic hybridization using oligonucleotide
microarraysiigddatahgemamicElidais Winserdings @ the HlalinabAcademyigl Soenrrtef the United

States of AGHES, Ll e V. fbhs B SHESN BlspDaRes %Bodfiﬁ@mq@%ﬂds%‘i%@ﬂa'”ﬁ ES

clones in which the ES cell genome is compromised and thus not able to populate the'germ line of
chimeric affiEE"her suitable genomic tools to facilitate this assessment include sequencing and
PCR verification. Thus in one aspect the correct BAG structure is confirmed before moving to the next
step. It is ifIpligit BASrA tpfa it s mlibhraraEaHatA wheeinerEatple e FEhefl 66PIME |GBLHWIA 90kb
BACs, it is deptmsisighydtmsiigrde noméc mmain tns aé 0B gpds ngidtelifs forskghtandabt 86Q snfertitres IgK. Mice
}[Nlth an |9'—(B%¢n'=é‘&| qatﬁ'b%&%ﬁ@uf Q&eobkgh@éi?NaBBﬁ?dygeNtoLiB&}gtﬁ |%§I§au&ﬁlt@%bsﬁ3péllﬁf? required
o remove the sglecti ers required, to su g argeting. Since the nipulations are
being performe%ga n?c Eg] n\\?s Ina st‘]%eogJ ngte min&n[ae%sln eé:?em %asrggct ggeeno ine rt1 arr{g'r%i%ssrﬁ)nu%a%acny is
retained thRYSRHSIEEHIR ’ﬁfﬁE@%%ysl\/ﬁﬂ‘ﬁt‘Qﬁrﬂj”fﬁ@“ﬁ@%ﬁdﬁ%@@ﬂ%é’ﬁ@%éﬁ@ﬁﬂe@cﬂﬁ%ﬂbﬁfmultlple
rounds of rBairipekatbheVithitast St@asedfdhtoerizst 10¢ J@radiiT@ iPotenit adapfeihaléeScoetidmerat tevery step

n?ag bli immﬁﬁ?téﬁut%e@f%égiﬂéki@@%ﬁéb E%%ﬁ'lﬂ@ég Géllrr:&éi%w@|$J§&ﬁgfom§é6@MRh§ﬁquUCO|IV||V|
global knockou e ave be ified twice prior.to their use for this c their germ line
Tansmissic R e Do

WWW. kompaé?@sé'ﬁﬁwmcﬁ}%?”q'ﬁé)Ptéﬂ”lf'ﬁ%“%lIed JM8, can generate 100% ES cell-derived
mice under published culture conditions (Petfitt, S.J., Liang, Q., Rairdan, X.Y., Moran, J.L., Prosser,
1-1.M., Beidh"DR o1eGpacr the Wéﬁﬂe%/?%ﬁ"&ﬁ@@i@a@?f@f%’ﬁw.PPWEOOQW”A@%JW& ('%VBE%N embryonic
stem cells for mouse genetic resources. Nature Methods.). These cells have demonstrated ability to
reproducibly isomtribitifeoto terdasisipliv goewe that tis Sude bfccbimpletéty amgineler trsingosteitida®dbmouse ES
cell culturemmglitiansectbiargap pbiitiyncamihiniouethwithgeats supsired@naastadss thfersigncell line

(SNL) and gyen, fgedefs{res. g VQA’X%Q?%Q&&? 'ﬂtﬁ‘grﬁ%‘?‘tﬁgnth%?‘ﬂc? tﬁ!;" &%%l?ste%dﬁ’%ﬁasrt%y'ar

sub-line, JM8AS, maintained the abilify to populate the germ line of chimeras after several serial
rounds of i r&%‘r‘i'iﬁ‘b t%&@ﬂ‘é‘fv@%éﬁ'&ﬁ??ﬂwﬁ‘ﬁfbﬁﬁ%f%‘ﬂ“{ﬁ& o RS BRECHBIRSIBY 0 Y FEdBSBination -
as would beahiputatiseirath d¢ing SemfoimesnindrS- esdin b aciienprisenisanties, urisorepest o¢mhditells. The
ability to gerasaiesibH BRI R-ciky highd@owantagecedLS cell-derived tissue has other advantages.
First, high levels of chimerism correlates with germ line transmission potential and provide a surrogate
assay for germ line transmission while only taking 5 to 6 weeks. Second, since these mice are 100%
ES cell den(AneSE R HLERSS ?&h%g% g 898%?@{%[&88“1]5?#0%{51?% BRIRBRSed by breeding.
Testing thewithielritg o doresithng tseindnsasitsialiafthe ERipalineshh exeti st sta¥ pdipecidnte derived
from animalstiibatasaimvtatibfoThbedR AMeslgantas deserbrkiDMPaneRUsSENIpyIdvaother cell line
that may bgigeehis %&?@Je%%&%ém&mgﬁd“%%h%w%émﬁﬁ% Kkt Sl BRIPSAM G RNgineering in

mice, Ramlrez Solis R, Liu Rand Bradley A, Nature 1995:378;6558; 4 RAG-1 complementatlon

While man} SRS DiPES AP AR5 é%“d&?x?@&e?ﬁ%%eés SR RDE T RUL KNI <355 mice are

generated T RONB-AraiRITibyeny SHeRprbenad . Thisisgirnridedas idddaian gomste $08erkegatand T-cells

which can beriusechidir aadbyt tabisHednizaiososditeniHeady Prodimin . Gelisidrawng 8&RAG-2 deficient

backgrounq,Lorpaoggénmﬁdé%éﬁolh%@ya ﬂ%'cmm@@%gg%@mx W@ Q@ssar,swwalent mutations

in which m$§78|*_9 ce on cell-de |ved B cells nd/or T ceI OM% gthe human-mouse
00|

ic,stem cells ene c resource
IgH or Igi< Toci are Ao ?hese mice, the human-mouse 1 ﬁ e engmeered ina

cell line in WY BHANERIRS éP'iﬁlét?g'FPfﬂdrﬁl’Q'Y(ﬁﬂJng'h% @Iﬁ@ﬁ@%@&ﬂﬁi@dtﬂ?&t@%{eﬁﬁé?ﬁ%ﬂﬁf@ly the
inactivatioragfrifie Jsogf dghdauspsushESdhiiecigticotolghtidas URhic anpbiilibacte dedfataftettinsgstion. Mouse
Fmahoe ey e Py G e nation
cnure, S R e b e S o R T RS PR GRER T are
immunodefiefeichingsat éﬁﬁb??b%f%@fg?éﬁé{f@alﬁ WAGQ!E'%I%’SQS}@&W@HE%P@HFWY@ pPoduced by
injecting sustrapies rhbmatowdllsetdrebitalioto-Erodade Entihb ediesfthh@rasenatehtimphoadritssues are
derived ffo%&hﬁoh%% tﬁ@“@WQoM%V% RS ﬂ%‘é'ﬁtﬁlﬁ,dt&&%ér&@tlﬁnﬁefa%ﬁﬂm%h geferally contribute

in excess of 800/ L W\%? nWélcn'\[/lesgps gg%éhlm Vré%tanlm % ﬁ] uvglstkg) refore. usually populate
the Iymph0|8 fssu% J ave wild |t an efore anti ooﬂes produced in the

chimeric aﬁﬁﬁéﬁ%&iﬁ‘@@rwﬁﬁd@ﬂ‘wstﬂ%”é}?é‘?ﬂ%’éﬂéﬂ BWI‘SdES %W@@ﬁ@lﬁéycfﬁ[)ﬂeﬁﬁé'l’@fore the
chimeric amianaincaivipetikaidngkidobith Gwerkigectndivinve tieati orcartesi$eEdenllyqreduce
antibodies to that antigen. This allows one skilled in the art to test the performance of the engineered
human/mouse IgH and IgK loci as described in the present invention. See figures 19 and 20.



One skilled in the art would use the chimeric animal as described to determine the extent of antibody
diversity (see e.g. Harlow, E. & Lane, D. 1998, 5th edition, Antibodies: A Laboratory Manual, Cold
Spring Harbor Lab. Press, Plainview, NY). For exaggple, the existence in the chimeric animal's serum
of certain antibody epitopes could be ascertained by binding to specific anti-idiotype antiserum, for

example, itaRigldsefedfsryai Rairkiiotelicd) eeaib Gy inealsmseaden s¢ the aenaenhB-cell clones
derived frop Ihe, £y mgﬂgm?@'mé}'.saB&&Bl@B%% é‘rﬁ!ﬂ'er%% ﬁ&%ﬂ%%@t t&n‘@!h% WPBeSoeeWSé‘ﬁ‘Srﬁo ascertain

the level of hypermutation, su permutation indicative of normal antibody maturation. One skilled in
the art woufdl 'H@%tﬂ%té‘?a'w@’fﬁ{?éﬁleﬁﬁﬁﬁdl%”gﬁérﬂ?ﬁg el 16 herein said antibodies are
encoded from the engineered Ig loci (see e. Har ow, E. & Lane, D, 1998, 5th edition, Antibodies: A
Laboratoryﬁ\')l%ﬁ?fa(ieé1 BRUSHARY R 'i?xB RE¥e sl WEWCWA%F e%?a?‘ﬁﬁ\%s *ffisera could be
tested for bipkiprocapmegiginecsatdramitge Raniey-©elimh i RambEspitae AcNatnsal. Such a
measuremeggs;rd@d4ssmmde by an ELISA assay. Alternatively, one skilled in the art could test for
neutralization of the antigen by addition of the antisera collected from the appropriately immunized
chimeric animal. It is well known to those skilled in the art that positive outcomes for any of these tests
demonstrate the ability of the engineered Ig loci, the subject of the instant invention, to encode
antibodies RAE-hGaTBPIRARIBICRegions and mouse constant regions, said antibodies capable of
functioning in the manner of wild-type antibodies. Experimental Techniques Recombineering for the
production \¢hilectary foneswilrohorratdoiiiis EE ctamsih atiemsivrE Yieldt. i lischbseernyrstéomisample,
W09929834ra196h¥yAed G 288 @nchitheidechaukttesnarewielbksvns ndbeviait: d0spEsaspesd the

recombinegring oL the,hymap E%'\!ﬁe@b‘?écﬁi%ﬁ Mﬁ{ﬁ'ﬂéf%ﬁ%r?osa%t%%‘d[{f&&fuéﬁ%ﬂ AR, A, Human

BAG DNA will be isolated using Qiagen BAG purification kit. T bone of each human BAG will
be mod|f|e§ﬁ§|r%(jj‘?g%?ﬁBﬂ?@ﬂh@dt(?rtﬂé%@f%%% YREmASPIERJErAAEIH HERA% S AES YR ady
inserted intesdvalendmnséalight iegibinh Tire geedueaionbi<Sicol-deritehBrerin G Witehe trimmed using
recombineering so that once the BACs are inserted, a seamless contiguous part of the human V(D)J
genomic redgionmievithéb omiyaththbumausedgé/gh gKokd s aBLEtBNA threresidctidheblyuelactropssation and
genotypingymibRe prNtiBarRCSYHIeM iﬁ’ §@Idﬁ@|rpmﬁeﬁ%l$e(51f&§%ﬂh§|@ﬂf oRéﬂdé@u%K?asAK

Steel, K.P. Iand Bgag IeXéctlvegg gogpternaﬁ ét Origc? (glr;[% % g] Strates %2]9%'%_; l& for

myosin V|Ia In-actin dynamics COF 'steraocH acufarand

Ramirez-SIss gaPaeriatoubaiieEpseian: A. (1993). Gene targetlng in embryonlc stem cells.
Methods in Enzymology 225, 855-878.). Recombineering will be performed using the procedures and
reagents dMpERSpERIDY tbatimaceithe BAPD s onaiea 6 dtreedefisiant . thensarsfifoMRiVei, R., Lee,
S.C., Su, (B; Metviymphodpes iy £,853r80 DiuT-Par@ @Gy phdseesrdvinesiiignnaseid gppsoagh)ior

high- throquM&%@W%@@&%n@ﬂﬁ%uhﬁﬁgﬁgngnvé%&%‘ai”yféﬂﬁ’&a|N&Clﬁﬁkc AR RasearRA5, €64).
These and other E g?nes for arrq(?thngt %recomblnatlon &C erived chromosomal
acda &)

fragments [AT"S al MA O‘Fﬁé?'e’é R AR R MISCT PRy OR8P SXifRble, in
http://www & Gt M@Hﬁ?érmdﬂ@ﬁmﬂ@éﬁ'hgﬁaﬁfﬁpmwm?é@%?nﬁ rReghegorribsidaspliBIRations.
30 somaticsigsaledyaipthdia tReuge erdineivan tranaHeding aised doHtargemmisesBuHapeBRsisdispgrams at

the Sangeﬁépéyzsm&é%%hé?élg%mw|ﬁ%90@%69%f|lﬁe§o}nah%ug oAV dRMhetlc Gnildigran, J.L.,
Prosser, H.M,, Bei

G., Bra d Skarnes Agouti /6N
embryonic s?em 28 s”fgrreﬁ?lroeuglseda@n8?%ure%otl}14réc SN ﬂ (li,lsl‘té ?\ﬂeth@g{ Sel% Ygs\'\f:'gjlltgp Cg%%r?) will be
electropora&elifs00pherstye %W&&PMWPE@?Q'F%WH@%&@UWM@H'@A@ OResed Y fghsfectants
will be selesigitlesitid aiid3cE Peaidgayicne(3pig/MHErafore 448 Hibepg milnal The isebetiomyediWidegin either 24

hours (W'thaﬁﬁtlﬁ)b%rﬂﬁm%tﬁ)ﬁ%ﬁh E’&H@E\Y&W a%ahgées}tﬁem@te%ngrmg%eeq.w Iswdas: 10pg
linearized hklrp%n SAC DNA ca}r’weld to 500 Purom cin or 418 reS|stant|§S g8 Il}g?Ionles The

antibiotic ress? tgﬁggl colonies W 'ganﬁ:‘ied nto eerﬁ celf't cur] Péjsﬁages or gqenotyplng to

identify thedm@ﬁgdrbqlaﬁ]@@_sent |nvent|on See figures 19 and 20.

One skilled in the art would use the chimeric animal as described to determine the extent of
antibody diversity (see e.g. Harlow, E. & Lane, D. 1998, 5" edition, Antibodies: A Laboratory
Manual, Cold Spring Harbor Lab. Press, Plainview, NY). For example, the existence in the
chimeric animal’s serum of certain antibody epitopes could be ascertained by binding to specific
anti-idiotype antiserum, for example, in an ELISA assay. One skilled in the art could also

sequence the genomes of B-cell clones derived from the chimeric animal and compare said



Once targeted mouse ES cell clones are identified, they will be analyzed by array Comparative
Genomic Hybridization (CGH) for total genome integrity (Chung, Y.J., Jonkers, J., Kitson, H., Fiegler,
H., Humphray, S., Scott, C., Hunt, S., Yu, Y., Nishiggna, ., Velds, A., et at (2004). A whole-genome
mouse BAG microarray with 1-Mb resolution for analysis of DNA copy number changes by array
comparative:geneanis brigisaliniefeenorascEasRancd) ibdel 138 RGmanstibiargcOny bedRiRatlNn Skarnes,

W.C., and Rradley, &n&?@g@ntﬁéﬁr}‘ﬁé\’ﬁa‘ﬂigﬂom'c copy number variation in embryonic stem cells.

Proceedlngs of the National Académy of Sciences of the United States of America 105,
17453- 17486F) E§ eII thq_F havg ale%rs@ggu genomes dncl)mr}:1 egrq]bnuete tobtlae% Ilne 01; the chimeric
mice efficient in egrlty Wil be examlnedcb BER! amplifying Lach uncPonaﬁ e}ngene in
the BAC. F??r"b%ﬂ?ﬁﬂ@s|ﬁr‘?)ﬁ@ca‘ﬁﬁ%faﬁ'r#iﬂ§W§F?fﬁﬁ1'§d°B'A%§%ﬁéséﬁrW tﬁe&éwm&é%% functional
V genes. Teditionfifmtitivdiasteytinpaktbig Ba@aloCtid Prase heebof thabs@ 4S5 RlaihgenedlYat keast 14
pairs of PCRAAIReE Wb eRsiaedandon s P@Bna@epngéigemgyp A G tatasted ES

cells. The hHman wil -tg/p %e and sequence o[ these fra ment IensureAh tt e| serted BAG
t

has not been rgg?rgﬂlbned ore defaned CiH wi agomggﬁflr%afhe n egrl 2 grlnnser &d°BACs. For
example, oHfdekifefsPtherdrt @éhfﬂru@étﬁzéﬂﬁb%f@@ﬁ’b‘%etfb?yna‘?ﬁﬂi%’b? theGessEBleASHent
Technologiesn lthe .apbispptatiy immmuoized ishemaiolesioale to study genome-wide DNA copy number
variation at high resolution (Barrett, MT., Scheffer, A., Ben-Dor, A., Sampas, N., Lipson, D., Kincaid,
R., Tsang, IP.is GusirykidwB&irdhdse Malézen fhs. ant ht(308de Cottpacative genomiadsgbiédization

using oligogugleQtide m!ecé%ﬁlﬁ}aéﬁrﬁe”é’n&ﬂ#@ér%ﬂgrﬂ& NASLacsedingsafithehriiorabAcademy of
Sciences of the é)nlted tates of America 101, 17765- 1777 '()éf but ermlt examination of a sPecm

genome redioredShy MUBEIN SRR PARR A E BRI TREHH {ﬁ%’i‘ AL IERITARTEES Which rely
on cDNA phEIsENEI0WHBRMBATS oSty RecBtR?HIEF oligonucleotides probes can ensure specific
hybridization and high sensitivity and precision that is needed in order to detect the engineered
chromosorgg RliphaliRnsdbtigisebave made. For example, oligos designed to hybridize at regular
intervals along the entire length of the inserted BAC would detect even quite short deletions, insertions

gr other r?ﬁéétagﬁqé%ﬂ‘éé Sf@r'%rl% HP&%&@E@W&E&%@Q%&Q?&@%&%&H@X&M ” I erJtuSH%@SI\iI%E% rﬁigroarray
esigns. The e ce n an ual genomic will be
labelled seIa argt %/V\/Iﬂ’?r féaén d\ﬁ%%@% ?odfr\@%%& 2@ fraQ t ées Wi %’eaé%glvr?ne Ol\jvsr}ﬁré an
Aglient Tefﬁ‘ﬁ@%g|&@Nﬂsﬁﬁgﬁfﬁﬁ%ﬂ?%m%dﬁc%ﬂaglgﬂ%oF%'&eéeﬂ'ééelh‘t‘é?%lﬁé@%faﬂ)?e Cy5 and
dye Cy3 os@achdisay hmage Ring. therag BAGtNAavik aendbbiee xtiagtQedey BaiG g Blirstisekioftware
(Bluegnomeye %BQ@&Y\GthiBE&DSM@H@A@W&%%&%H%%G&QMM%&% ToQr%RiciieAiYor= 0) will
be excluded b fore r%alizmqhall Rgz ati valuc-ged V\{lthln an e>((ap|enment LH%Z ratio between -0.29

imilar confi 10N as a re inser mous ion. enomic
and +0.29 ?ort e sig al from any oligo pro arere deas no c r?umber c%ange L?ﬁe log?2 ratio

threshold f8F eBBIHERDRM s WL Qa1 TIBesdsH P%@l%tl@k@%@g@@ﬁ@éetﬁ‘é%“%‘i Kuman
BAG is insettedasscthtgnoos serigifithedusrand/ ¢od fgeneditodymmwit fmmtaet, thativeiso gigorédton, the

FRT-flankegcBAGAnskinonmymldn S%%i@@t@ob&(rétﬁiﬁ\%d@éﬁ@y%@%i%@ﬁ@ﬁﬁh‘ﬁé@%cﬁréﬁ@@l%
Flp-catalyzgd, F&J JerompRAtian IS Hat HighGRoUOR, ONG candse J, éJBF'a'&lgn [&Ffé%l%s‘fz K/%Q% of Flpo

recombinase which in certain tests Is 3-4 times more efficient than t e or S cells. After the
BAG backiFSME'RMERIUAy IeRORIRSR i 5ty é‘éﬁéﬂ’l\%‘/‘f’é'?’VPBM?H“(B%”@WTS)"%@rF@QIE"’Eant to
FIAU (for |d4slastlinieaK (ellvtastBiglogn 2@&xti8ibih é¥eRemingit-BelifufthePatiaradierangdBgdRC R.
amplificatiqnogbshespiactiageting nhe Binbsiogid Y raaN @es O BIN Arp EmMSeolddie s 4; Ribslerded BAG
backbone- Esgo%n%%'.lﬁ]a’wlnbo% %%ﬁgrir?édﬂagr{b%‘erﬁ’%@gdﬁ!e@ UMAN BAG NI ARH Ff%%thaE*EPCYSt

injection. Targeting o enome of an ES cell to produce a trans enic mouse may be carried out
using a prﬁbga%%?&biéu qBi eIl WYt SaaRed iglirBs Ee‘i8s Eigde 9rl|ﬁ§ﬂ?’éﬁe@ three basic
backbone et r; lareiditiitify (€88 5k ha e iries tegibasad eemm@ioah@fztmbeeut/ewdmw@hmtuatmg
cassette CmRKSQIHESIMGNeEHNVNUQHON NI IE bRk Rk sHeHOBsNs4fion into the mouse genome,
those sites flanking a selectable marker and stuffer primer sequence for PCR based genotyping to
confirm corrreddnsartmerabMAiGsesibedgohidftargimes seaidencp iVl enheaediasiscrosassmiyping each
BAG additipn,SigRs Msa%ﬂ%ﬂ%% lrﬁaﬁﬁ’rﬂé'% grefhioRERvide Aol urlyalidated %Q&HT&Q% template

for PCR prlmer and ma oca ed at the IScel site, ideally -1kb from the BAG insert. The large insert
vectors comipt é"‘é‘%?ﬁﬁ T&Ob"éaé}?ﬂdgrwfﬂgéelectable markers and a unique restrictiéR%ite for
I|nearlsatlohttéf//tﬁ‘evp%ﬁﬁmt@gil@ﬁﬁﬂ%mm@kj@a@FeCOmblnatlon into the genome of the ES cell. Figure
2 illustrates insertion of an initiating cassette into the mouse genome by Homologous recombination
between thHesheidee ol SAGEE/ Eptriiedorrll PaFoRvyBIASSERBMAIBRS RARUALTILERIGH slandriklls with
insertion otébimicassetie: pugDEStagtls isaadobiestcionval futiergnptsint hekyearialy @onyddating to
N-acetyltransferase (Puro) and a truncated version of herpes simplex virus type 1 thymidine kinase
(DeltaTk). Murine embryonic stem (ES) cells transfected with pu(Delta)tk become resistant to
puromycin and sensitive to 1-(-2-deoxy-2-fluoro-1-beta-D-arabino-furanosyl)- 5-iodouracil (FIAU).

Unlike other HSV1 tk transgenes, puDeltatk is readily transmitted through the male germ line. Thus
niifDeltaltk ic 9 convenient nocitivve/nenaativve celectahle marker that can be widelv 1iced in manv E<



Figure 3 illustrates targeting of the large insert vector 1 to the mouse ES cell genome. Linearisation of
the vector is made at the same position as the stuffer primer sequence which allows for a gap repair
genotyping strategy, well known in the art - see Zhggg et al NAR 1999, Vol 27, 11, 2354 - 2360. In
essence, random insertion of the targeting vector into the genome will not 'repair' the gap whereas a
homologousesemiinatian e et yuithinpadhthadeand ustanesitigs pbapprarstitBCRgrmer
sequences gligws G g{&’ﬁfﬁ& ﬁﬂeb‘é‘uéﬁrS?@‘?ﬁ’:@HM'%Hé"%%a P&t 'V§ i Q%r(éa%“%‘é i#94iC3¢ipg proper

insertion. Positive selection l.lSIﬂgh allows for identit |ca ion of mouse ES célls contalnlng the neo

selection MAN&Y. Per SRt dtdh Efheihd Bfak &inEFUeD And™s rBlrairs: XiGy €8R3parative
genomic hysadizadte-thhepbiyopid stevatielistiotineBAGesatircteseurréguatdrdiMsthatiss) tiM$EF0-delta-tk
cassette argithe BAG plasmicskarkhoardssielstedsosingdrag and selgatsodrifbhrizinatiitpe works

inefficientlysnpapserfS GRS 4aRR %\%O&M’&thmséﬁﬁér'ﬂQ%rﬁfﬁﬂﬁ%ﬁb‘?ﬂ & @4%% 56RG/MAL iIn most

cases, the recombination occurs between the two FRT sites flan one. Flpo can also

be tested td Hhd ST He Y SRATINHSH Sftidigndy BERyEEABWR IflgThg*féss &WEH e{jre“irﬁ)k%névf?gﬁt Given
that the FRededet@tionandrmsestdo1& idaypdosibintarizes iman RAS SR cRingsland srédeed
immediatelyderiyeimexiGiep issipriales with alonrkamady sigibstie reaitelyasnaay s aiesitabissto show

by short rapag B3 $aatdnEcMumaR SRINEDFEBERIAOY REIRRARL BHlese R lie mouse as shown

(Hu-primer 1 and Mo-primer) At this stage a 200k human locus will have been inserted Figure 5

illustrates Q)ﬁ@&%@e’@@ﬁ‘\dﬂ%Eé’%@ﬁ%dﬁé@@@‘]@gnmﬂ%t'ﬁ?e?@ul?ﬁg QH‘ER/%QS&}E%}”@%M BAG is

targeted to he mo @H locu the Spme |n|t|aton féette |r§ertl n foIIo bsy IScel BAG
linearizatior; i) I‘[)ot e |n tla iGN segg & anaPe Xp reu I géno %lﬁrgss ra egy \/é'r‘lflcatlon of

the BAG in%@@ﬂl%fn”s d‘&FﬂéW%tSasstf@Fbr@. HytlreSe MErsYrat‘é%h@Q:RT\?eﬂjénﬁedeBﬂ(dwékb‘éne of
large inseriwertge daiethibesa BAC arkeaaty ddteteMivieddptorNoteatiadisthis IBNWicsplectialtler, thus it

will be nec%§§ﬁg{é{sf9§ SWB&%M%BW ridi EH%W"G%H&P@%%H"W'%M é@%mmgﬂesmn of
the human |Bse[t V}ﬂ_th human\}v 8“%% a/a dEtlgBl J At this stage a - 200kb human locus will

have been Tisgned igur%rnflrlustratest e ne Ia ge’l e\?é&% QPéTe edd tH@?ﬁBﬂ%@ I'gH locus.

The pu-delta ereasissirmsaiererpesiiags ei<teMNqyara! 4\.0?4’%“&5@0%@%”68?1 PéhrepaigePRahcorporate
other BACsf Rigeniead’ilstratdsi e dina P reticied keSecatthoonsitgecthridg uiesd-cd@ripuoeitettze further
level of detgilQfifbist B0 caRterk REALRIGert. |B@fwﬁ%ﬁfym/ﬁm%)&frﬁ%d%Wﬁ%rﬁﬁﬁy%ﬁb%ﬂ&ﬁ
recomblna&on ca[nnclIO at?e/emrh)e |r?/?1d B’%&e I_s(g)ree(g(lflc r combéngtlegag%e s?ﬁu B\X@el}/ used in the
last 20-years S0 the Inte gration o ran?z;enes Tk aeflneﬁchpgmosomaf oci SOR Involves

recombma{&;ﬁhﬁé@k}é@&g%@&@@@@ Ae@@au'@h%@rm the integrity of this BAC for the presence of

these 6 IGH V genes, at least 14 pairs of PCR primers will be designed and used to PCR-amplify
genomic DNA from the targeted ES cells. The human wild-type size and sequence of these

fragments will ensure that the inserted BAC has not been rearranged.

More detailed CGH will also confirm the integrity of the inserted BACs. For example, one skilled
in the art could use an oligo aCGH platform, which is developed by Agilent Technologies, Inc.
This platform not only enables one to study genome-wide DNA copy number variation at high
resolution (Barrett, M.T., Scheffer, A., Ben-Dor, A., Sampas, N., Lipson, D., Kincaid, R., Tsang,
P., Curry, B., Baird, K., Meltzer, P.S., ef al. (2004). Comparative genomic hybridization using
oligonucleotide microarrays and total genomic DNA. Proceedings of the National Academy of
Sciences of the United States of America 107, 17765-17770.), but permit examination of a
specific genome region using custom designed arrays. Comparing the traditional aCGH
techniques which rely on cDNA probes or whole BAC probes, the 60-mer oligonucleotides probes
can ensure specific hybridization and high sensitivity and precision that is needed in order to
detect the engineered chromosome alterations that we have made. For example, oligos designed
to hybridize at regular intervals along the entire length of the inserted BAC would detect even
quite short deletions, insertions or other rearrangements. Also, this platform provides the greatest
flexibility for customized microarray designs. The targeted ES cell genomic DNA and normal
human individual genomic DNA will be labelled separately with dyes and hybridized to the array.

Arrays slides will be scanned using an Aglient Technologies DNA microarray scanner. Reciprocal



The first generation of SSR-based chromosomal targeting involved recombination between (i) a single
recombination target site (RT) such as loxP or FRT in a transfected plasmid with 00 a chromosomal
RT site provided by a previous integration. A majorzproblem with this approach is that insertion events
are rare since excision is always more efficient than insertion. A second generation of SSR called

RMCE (recritbirase: irdied sagsatis exahgegspwasieugandly aaninkecapdaedaiss1994
(Schiake, TNmJbeBé%&ir%é%Q%)u M&%Béﬂ%‘é@-&ﬁ% &?Br@%%%m&')o%ESS‘{SQ%Fﬁ&%?fé?e%tfﬂﬁérb%c%%%*éange of

expressmn cassettes at defined chromosomal loci”. Biochemis Their method is

based on l@ﬁﬁ{'ﬁ/&%@f@%‘%emﬁ@%ﬁﬂ iR paBIYRES ‘?ﬁC{H%eﬂv'QﬁQf&?gHTBl&g}% \Rgzret8n
recombine &itescoWipiatiylerRerisient, dadheativ fentwesonte2teandtitydn itidhsvwigna fioneanectgef DNA for
another - oprapeassettyfuehana® this apprRacthdngs. brenIsycarstuibspipleiied ipisaianety of

efficient Chﬂgﬂé%?%@sf%%mr Rehdingdptegetion of BAG inserts of greater than 50 kb (Wallace,

H.A.C. et al. (2007). "Manipulating the mouse genome to engineering precise functional syntenic

replacemegjs il AMAR SR BARNE s el 178 1750091 23 arkd- Mnfihls (8A8), iMasalc

complementatlon def*imonstrates a re%%%tﬁ%r)éé)le for myosin Vila in actin d}gamlcs of Stereocnla" Mol.

Cell. Biol. 28M% 6932490 18735 CoPaCIRReS WL B8 RSBIKY AR PetSFe i SIaces an
upper limit f@ﬁoﬁé%@%ﬁ?e'fs'i%“f@frW@Eﬂﬁdtﬁg'bf@‘mh'ﬂﬁ‘%'hﬁdw%@ﬁn@égﬁ RER BSREHBSedtechnique
called sequapitabf M SRMG EEcanmbiahsallais 0o nittuio tss i BeBtD intfsBAdre iefieiEst ihto the same

locus. The gy ?H?a@@lﬁqmﬁgﬁ%ﬁsth&éﬁﬂé Bkéi%%%kﬁgﬁle% RNAJPreEing AN RItiIgR cass8HR @so called
a landing p erein) Infto nome Oor a |n eriuon. o Ir's agmen INTO The Inserton
landi lgh Fﬂg flgi ti fftDNAIrr tttr}§t
Ea resistant t ?EJ

site, the first XK Ormen omprising a riloR Of & umanaﬁﬁﬁ%\eénd QT vee gpﬁdl\r”uon
containing %ff@f*@éléﬁ@éﬂﬂéfﬁ?&rl@r %@%@Wé‘ﬁﬁ@& sklbetABRIGH ARAPIP SR INISBYTER; Breiival of part
of the vectoNANAndin SEéa FeTAIsecenBABNAckiagmeeat EBathe Wit ttongearfonhefride ibstdRNA

fragment, thespaane iR agePbseRialing&second portion of human DNA and a second vector
portion, the second vector portion containing a second selectable marker, or generating a second

selectable mgﬁ{g‘m%'&%ﬁﬂ@%f an ES cell to produce a transgenic mouse may be carried out using a

protocol as explained by reference to the attached figures 1- 18.

Figure 1 illustrates three basic backbone vectors; an initiating cassette and 2 large insert vectors
1 and 2 respectively. The initiating cassette comprises sequences homologous to the desired
site of insertion into the mouse genome, those sites flanking a selectable marker and stuffer
primer sequence for PCR based genotyping to confirm correct insertion of BACs. The Stuffer-
primer sequence provides the basis for genotyping each BAC addition step. This sequence is
considered to provide a robust well validated sequence template for PCR primer and may be
located at the IScel site, ideally ~1kb from the BAC insert.

The large insert vectors comprise human DNA on plasmids with selectable markers and a unique
restriction site for linearisation of the plasmid to aid in homologous recombination into the

genome of the ES cell.

Figure 2 illustrates insertion of an initiating cassette into the mouse genome by Homologous
recombination between the mouse J4 and C alpha exons. Puromycin selection allows
identification of ES cells with insertion of the cassette. pu(Delta)tk is a bifunctional fusion protein
between puromycin N-acetyltransferase (Puro) and a truncated version of herpes simplex virus
type 1 thymidine kinase (DeltaTk). Murine embryonic stem (ES) cells transfected with pu(Delta)tk
become resistant to puromycin and sensitive to 1-(-2-deoxy-2-fluoro-1-beta-D-arabino-furanosyl)-
5-iodouracil (FIAU). Unlike other HSV1 tk transgenes, puDeltatk is readily transmitted through the
male germ line. Thus pu(Delta)tk is a convenient positive/negative selectable marker that can be

widely used in many ES cell applications.



34 5removal of any vector DNA to allow the first and second human DNA fragments to form a
contiguous sequence; and 6iteration of the steps of insertion of a part of the human V(D)J DNA and
vector DNA removal, as necessary, to produce a cgjl with all or part of the human VDJ or VJ region
sufficient to be capable of generating a chimaeric antibody in conjunction with a host constant region,

wherein the.bm@rtiom@fratbhea@@@n@ DN &ragrqerisenescstie spesifiteresausbingtionl eanaespecific
aspect the LarR&Jr‘?s%‘% U&'ﬂ'ﬁm%s\}é‘ét%? .Q%SB%SQ‘%R!J'S% F,IJQ&?&H%%“J%@JRA‘P e HFRsr SQSJE}%@% 5t

comprised of the steps as follows, and illustrated ures 2 1 ar%etln g alan mgggad into the

defined |oc%l?wﬁ\r§°éﬁt%??/é%?8‘;’ ESH‘B&‘H%SH?\‘TLSFPSF!“P'h%‘i’i‘ﬁvﬁbﬂéfﬁa"f‘fkecf‘t‘)‘i/ FRAELADIYS EER%PB) ITRs
is targeted Viet@tléfn@dbeidpP (fr essantpleandeayitae ienwtiba t@d4linarvg &y ool BKdeanaeEKllor IGLC1

and EAS3-10'spaetas qapattiRaa ddia b Bidts iakgaibigtidh evieit Rl rapairgengats cartdstgrof two
synthetic exp %ﬂa@é%%ﬁﬁé?@&dhem& 2bERLIGHON IS L edhBY IR BEIRISPE pllGpad

mcompatlble onP sites (one wild-type and the other a mutated site, 10x5171) in'inverted orientation to

each other'(EfyT397°FHRLEHS %‘385ré&%@k?fbvf&sét'Vééﬁ#ﬁﬁlﬂ’éﬂﬂﬂgsﬁé@fi}'r“’t‘ﬁ%f%‘A‘{‘E’]W&@Pﬁ&?through
RMCE. 2. Insestid$ stliheontrininsdifrctieB ACeitian therkergBfeR] Yariiiatippaen tfhanads gabcrtieala length of
DNA to be\nsedesl jntgithe. genameipaked: e enginraiea-aioditaatbensed kealitaedific@ian (loxP -
neo gene - Jgx2272 - PGK promoter - PS 5'LTR) and 3" modification (PB3'LTR - puroATK gene -
1ox5171) is depicted in Fig 23 along with the relative orientations of the lox sites and PB LTRs. With
transient CRE expression from a coelectroporated vector, the DNA sequence would be inserted into

thefdﬁfineOFI@mthrwagthM&@J b@/rtlgeﬂ%é@s\éttu'qiha gRreat ia&&ﬂigrbémda@qu rae@@amaﬁgselec;]ted
as follows P Ip-re n rnATK cquir p rom the
pag()lg (H% %Té‘é SR %(E S wo;l;s .%S#P%?ﬁnﬂj ACRAUES BPL dg“g 83 %2

with
landing re5|stance e HPRT mini-gene been srupte 1é resistance

(selects for”&ﬂ?l‘?ﬂ%'é'ﬁ?oﬁ‘?/'iﬁsﬁ‘%‘% "rég‘?éﬁeﬁ&%'ﬁw Arshgdtres ﬁﬁ?‘%’?ﬂﬁ?ﬂ&?&?%f’?ﬂ’&"é‘ selection
regimes cathehéngsER TGS - flanlQT (Berfdiabackizwlectioe canregseVientiesiedtiie Shenahivihite

puro-resistaemsinkacisdncicny sehr@itoERINGs: ®adad (upnrg4yemoving) the 3' modification of the
1st insertion. A properly inserted 1st BAG results the 3' end having a puroATK gene flanked by

inverted PBadiRméFige ZRT- @santialy & RERRBIHIEAINS) PSYbRIICHUEE FIAUS tentsnasak €andhen be
removed by the KapeRLeAPIESRIONSE Q?&H@%X%ﬁ‘& %ﬂ%ﬁ’&%@%ﬁaﬁvﬁp HhSIRETAP A g yector).

Cells with the carrect excision event can be selected by FIAU resistance - ie, no thymidine kinase

activity frof*HEPURATRY ﬁéﬁgo‘?ﬁ?é‘%eoﬁﬁﬁe‘féﬁﬁ/%r%%g ?ﬁ%“ﬁ”ﬁ‘?f&&‘ﬁ?c%?i%r?‘?@&%IHéOHBQFr%u?E

nucleotidedhe®mpouse as shown (Hu-primer 1 and Mo-primer)
At this stage a 200kb human locus will have been inserted

Figure 5 illustrates a second large insert vector is targeted into the ES cell chromosome. The
human BAC is targeted to the mouse IgH locus using the same initiation cassette insertion
followed by /Sce? BAC linearization, BAC targeting to the initiation cassette and gap-repair

genotyping strategy. Verification of the BAC insertion is carried out as before.

Figure 6 illustrates the FRTY flanked BAC backbone of large insert vector 2 and the neo marker
are deleted via Flpo. Note that this is not selectable, thus it will be necessary for clonal analysis
at this point. This will enable confirmation of the juxtaposition of the human 2 insert with human 1

and other validation efforts.
At this stage a ~ 200kb human locus will have been inserted.

Figure 7 illustrates the next large insert vector targeted to the mouse IgH locus. The pu-delta TK
cassette is then removed, as for figure 4. The process can be repeated to incorporate other
BACs.

Figure 8 illustrates the final predicted ES cell construct.

Figures 9 — 18 provide a further level of detail of this process.

Example 2



4. Insertion of a 2nd modified BAG into the 5' end of 1st insertion. The 2nd BAG has a length of DNA
to be inserted into the genome (usually intended to be contiguous with the DNA inserted with the 1st
BAG) flanked by engineered modifications. The 5' ggodification (loxP - HPRT mini gene 5' portion -
1ox5171 - PGK promoter - PB5'LTR) and 3' modification (PB3'LTR - puroATK - 10x2272) is depicted
in Fig 25 alang rdthcthectalativerrsigviationsed hhedny ritempainaibBdah ReoWihekiplgiant SRE
exPreSS'°”ngQé?ﬁcaggaﬁkﬁﬁé'i%ﬁklo(@éﬁ?hh{%%%Mﬁo@lb'ﬁ‘s%‘aqH‘?H&?aﬂ%%%‘?s'?&e{ﬁgan{égqa% dfined

locus through RMCE, The cells in which a correct insertion has occurred can be selected as follows: (i)
HAT-resistSAGIFITE IR R RN GETerO AL Sttt Bd DY e e e o RPN 9% Sand 3
exon structdifdssagednreaght together), and (ii) puromycin-resistance (puroLTK gene has acquired a
promoter - "PGK" - from the landing pad). 5. Curing (removing) the 3' modification of the 2nd insertion.
A properly itseitsic 2maldBAxGoff ESRtsateel 8hemtbiranwah thagingibTdy ge necdlabiketbbypetwerte BB LTRS
(Fig. 26) - eppniiainBiRiRReRIRNSROIRM SR tHEGoRXFtBRANAlQaRHE R e fRNTe AHENGE £ a
successiul JeL BAGInsertion- andiherelote. thisdianspasen canikewise be frmoued by dhi tansient
expression of the piggyBac ?rgnsposa_ e (fromane e%tropc')ratec?Jv_e_ {o%.r&e_ll S W_|f'h the correct
excision eVEflt BEF198 SufaEcIhiPIE AL reIStSiPds-aWayy BRFmRITIGE NIk BRIURY MoPRE puroLTK
gene. Thisgompletehf RSRoalisdtRYSEnieddidzitiarslpaviaiginatsate exchlautilessGnifidrcedring of the 3'
modification afie.RABRAG insartiahike fendine:pasbberanesidansicalorie.asiainakakas entire
process, sighs 2 {NoNgS.can be IsRepled Rl dmas ipRyid dp aargednsssiondpiadne
genome. When comp?ete, t%ere are no t%suic'uarl]l nucFeotl es remaining other than the eswe_é insertion.
With the in32ril6A*6r H{ Shd ThEFBEINGH BRSS! NG R S RS NEUBOBRPER 'Y F 5o juences
can be inatt dtessdnted gitramidwbigiorariaechniine seith adcemgititde g sisfollowes (Swenfighores 27- 29):
1. Targeting:gyitihe iRves sGABHRdPIRR of RPORI1ILhEh40Bedabasse avmyisenTieappdagenous VDJ

VJ. The flip- ' =P - HRRT mini : - loxP, - ATK -
CAGGS proteeh SHTef RSl gh oA drlen i Siital Mg, BT e

_ _ 27"along with the relative orientations o
and PB LTREIRtPPp{SAf oseits é&ﬁ?%%‘lgrdHa\W/%OréE&W Febtivinatioh G darHR BRI St in the
"flip-over" cagsetigearettredogiPesitegiprets Sfundidifa solenThipBtenwuificatiohumanssdesorisad in Steps
2 and 3 aboue 12sseotialy;tireonedifieatios: rasuitnd froMoiseéRbrhwmatich nusRbRSRIEBAL S, after

the 3" modifieaion A% RS, SRS IRGMXE SIGR AOPIRYESLRE ' Flatve fpRneangtper And therefore

the describe% recombination event results in"an inversion as depicted in Fig 28. Cells with the correct

inversion Wl b HATFESISEACESINSRANE LR LHBIRE 3RBSHSLREOFUIIEL DR GULEGhipYRrsion. 36

3 A correct inversion aflso leaves two transposon structures flanking the "flip-over” cassette and the 5'

modificatiofP B3R $4h B Mefsed with transient piggyBAC transposase expression, leaving no

remnant of either modification Fiqé/292|._(_3ells with tgg correct excisions can pe selected as follows: (i)
e

6TG-resistdh¢e®((REITBRT RNy &ie 143218148 and T AP AUSE LS 68 A S PUETRT K TeHR is
deleted). APRNERidNIAR aleverisatnieird g ise Bl intete itteteheritRiasus IGH-VDJ or IGK-VJ
region away from the Ep or EK enhancer region, respectively, and lead to inactivation of the
endogenouhé®iatvid 3ampBEs Whe rtepons. The methods of insertion of the invention suitably provide
one or more of: Selection at both 5" and 3' ends of the inserted DNA fragment; Efficient curing of the 3'
modificatiom, prefarsdtipibyfteNrs frpsageamindistieddadddite Xaisiamn)ddactvidtigrpad eadogenotiseIGH or
IGK activity,dhsaiaaly aedpversion; and

2 insertion of a first DNA fragment into the insertion site, the first DNA fragment comprising
a first portion of a human DNA and a first vector portion containing a first selectable marker or

generating a selectable marker upon insertion;
3 removal of part of the vector DNA;

4 insertion of a second DNA fragment into the vector portion of the first DNA fragment, the
second DNA fragment containing a second portion of human DNA and a second vector portion,
the second vector portion containing a second selectable marker, or generating a second

selectable marker upon insertion;



Excision of modifications, leaving no nucleotide traces remaining in the chromosome. Example 3 Proof
of concept of the approach is disclosed in Figure 30. In Figure 30 a landing pad as shown in figure 22
was inserted into the genome of a mouse by homolggous recombination, followed by insertion of the
R21 plasmid into that landing pad via cre-mediated site specific recombination. The insertion event
generated 8 nUMbgh&fgenaripl R RA VAR RONsEhtG sesittathen ORICFaghwilab fatalawere
inserted intg th ggssggquégggsan%s demonstrated by disruption of the HRPT minilocus The R21 vector
mimicks the 1s BAG insertion vector at the 5' and 3' ends, including all selection elements and

recombinage targgL Sii6s o'r”tr@%gpgfo%%@eﬁ%ﬂuﬁ@%ért@?(ﬁe'%@nﬁ.{?ﬁ‘5‘\‘) JUHRR Eﬁ&'lﬂ'/%%? Dms vector

will both test all the principals designed in the invention and allow easD?estln of the results in that
PCR acrocE RSP IS TR RSB AR PO TR DN e oG LETRER rectec
R21 was ctréreerrsbisrateengipting ardimasrieiipdicittopnivrstine VB8 abfst karpleniisgiehe landing pad in
the IGH locus. Four sets of transformed cells were transfected in parallel and then placed under
different seMetRin thedisrsion of atiesienaPig firgBentozepssise rpehhin lateyjertieexpression) resulted in
the largest pumber fealonias e .J0R1G RerA 0o deapiiameRty qg.ﬁegﬁsgg%%ng@%ﬁdmsegratlon

Any integration of R21 into enome w row € Neo expression to G418-resistance. Puro
selection ré%?m‘é‘a'?rf%{@ﬁ?ﬁ%f:gl%ﬁg‘??ﬁﬁﬁﬁ% PYG" ﬁﬂ?d"lﬁsgﬁ*@ddﬁ S 25T suggesting that the
stringency of Puro selection |s due to the PuroATK Iacklng a promoter in the vector. Puro expression is
only acquired WheiraalinaedPagine BRGNS fdasEe ABIRMHIE MBS CRATSHENIGR RITRT kBl
specifically in the @ndm@md)yTMd:plgngtEBar%ugmgmehhxydrdefmuiéglaro(frm]amhple PCR
which is shown '”fu‘%&&% FeAWERR RSN %‘}%OE'D e eaHOEIS JP 16LE" the Erend &f E'&R/@%Qéated BAG
vector, leaving a ?e%m essthorrEAt etin I-’§P erltr|1(|)rl %gqstgemf %le f(i %nso t|c ex ns
demonstrated this curlﬁgp%y expan % rf;lndl ual clone from apove insefted into the landing
pad) and expressf§ @Wré@ﬁ?ﬂbﬁ%&eﬂn*ﬂﬁ@clé@vl& ﬂ%\’ﬂ?ﬁédﬁbﬁ"ﬁ Astesasrestih@ptasmid.
FIAU was used torselepatidddni®ssitesworch viie t@oeranditicatite vaas utateis itk - Ix5ttTro g invegsdof the
'PGK-puroLTK e'%ﬁlﬁﬁﬁt@ﬁ%%@ﬁ'&ﬁm@ﬂg%% tﬁﬁ@},i@%%%ﬁﬂﬁegi%m%@&ﬂﬁ%ﬁeﬁ%ﬂeg fiom a

transfecfion of 10§ ¢ of grltleosethroutes&% for the expected genomic structure. Successful curing

resulted in positive % between the | primer set labelled "3" in Figure 32. Of the 6 clones, 4 had
correct eXCISIO£]S 1 clone rﬁma{aed | tlaeBRqunat opfll{rgqon and 1 om ka%(]i@ deletj [olsF These data

INserfion e Q has a en jith
demonstrate iteralive O DNA N 2 0 Dad ar a ae '-o genomic locus using the

approaches outlin¥dPiBbiR bE)JB?ﬁiS‘F@ 4@@&@@%#&6&%8@@%%«9 Rifrebetre 'Gaimed
invention was capapléictipnalagihgnisr dbeeinke@?dd oP@kasowetstor PROtHERYendferadiicdidined
location, in this casesheiR2lpureiok igindhe BE19e)lHitpmiss ThEiyse Gidhe apprepralgiselection
media and the exppg %9&&” TRECRAORIO; % Lt'ﬁ‘?% ImADERRNIG @F?éaé%?e&'ﬁ% tFPgnP"aeQJ)Cted

structure. The same design eements escri n this invention were built into the 5 and 3" ends of a
BAG insert. Said ﬂ%@F?%?fﬁﬁ%qlé’Eat?{uﬁt?ﬁnD%G@ﬂ%@??r&ﬂ“fﬂebﬁaﬂsfd[’?ﬂs'ﬁtﬁdtWageéjﬁfﬁog?ﬁﬂ%\tely
166-kb. This engitieeveall RWCE wWds chilstiopdiehet] gy ndehtianchesexgmustssirrgrpespaldcM Asinto
mouse ES cells hayilbadripgriterdasringipadcatthepitonse ol leslissqliheittanstasiad cetbwopulation

was grown in purg; &9%@'@%8“89&5{'&8 §?@?é59(aﬂ9éo{t98rrﬁfﬁ1‘qﬁﬁf %‘éﬂeer¥a%'”l§§er$&¥%9t£‘8§%'ﬂ£‘9 clones

were isolated and further analysed. The expected recombination event and resulting striicture are
depicted in Figure 33 BRE TRy &Gﬂs%ﬁmw RETIRNERiREM SR BSATERY Y Brringent
selection for corredtcksmetination et jectedelgrtiontiiesimasstented pegsuliddr wag SElecesidtance
puro-containing media. fahisrisdpecauseritie: (B EpCRRiBpuRgiess e e adrp et elemenhand this is
preferentially supplieg by the landing pad after recombination. Accordingly, the majority of the 7
isolated clones had inserted correctly into the genome at the landing pad as determined by the
diagnostic PCR. Wi fiesSviRk (iA0ROSIBAMRARH oF s e iRtLAkh IRNIREEHN Fighis 75 diaprect

nctions are present n the genome it a 610- b fra men rnm rS 'A' and 'X' and
b el -8 Cl Tl 3R TR s e B et BE VSIS 2aP0° 2

amplified fragmerf&SBelifienPIRPaNERTSPRRPIE FY ¢l R¥TIIrENpsREY Sandieathryremeyre Syribe of
parental genome {thaids; éxprdasidingf padpajgyizk Thepesasult-drornpaseripbeels resentansernally in
the cell colonies %ﬁ?fh@%&ré&'%?@?ﬂ&%%ﬁﬁ@érpﬁe%%léélﬁq?}?'#I%eréguét?a‘ﬂ&eor@eﬁa/ ﬂ@ﬁu&ﬂl@”y After

passaging the colg o) RS R RINAC ISR TR S, ARISIIR e (Pgemla dsppe

leaving no trace nucleotides.



38 the parental cells are removed from the population. In addition, all the clones were shown to be
resistant to 6-TG as expected if the HPRT gene is inactivated by the correct insertion event. These
data indicate that the disclosed strategy for inserting large parts of the human IG loci into defined
positions in the mouse genome will enable the construction of a mouse with a plurality of the variable

regions of human Heer@gions UPSHEABIGEAREIRAHES GHASIAT [@@I8D6 ABJESBHTEHasIALalAMS 1A
non-human mamimgahARSEIRIGNIL SRR 53me (us@hfir%&@éi¥o°£eh%mﬂdaégbw\4hr fridl ke ONE OF

more human D regions and one qf more human J regions upstream of the host non-human mammal
constant region; diefted Wi pdofAl) BALS MG RERRE MgNRI Rail Rap P dfiraiR8 S nd one or
more human Ig lightERAimkapeze $regfinms-upsiiéadm D thererastenoBlikian and@irmal iagisa constant
region and/or oneepmare -hpiveuig-lightzimin meda iV Fegie ik andiene Ofmaie didhtapdg light

chain lambda J regigns pshean P ErRASIWIRNTIHIRAN SREMMALBBIPAGFANIARLES g yherein

the non-human mammal is able to produce a repertoire of chimaeric antibodies, or chimaeric light or

heavy chains, haifg% H5EAIHSER ISR AR EBR B8RS OSSP IR Rats TARUEI MG s A
non-human mammeribwihadichehoptedonspriigashas oceayredpharbs efleriedaps | pligie: dhaltfkappa V
regions and one oemw@&wﬂﬁgﬁghhic@aia k_ap@@slirmgdpﬂﬁ @p&ﬂ@ﬁm@fﬂ&e éw@at,n@_rtﬂwnan
mammal kappa capstant{egign Ao RIaY BE&H%‘%)?%Q bahLehanirmbdanv.resinsnd one or

more human Ig light crg]ain Iamb%a J regions u Cs;t}{,eaim thh(aT hg-St nO(rjl-human mammal lambda
constant region; atigc > acquired a promioter = — from the landing pad).

5. Curing (removing) the 3' modification of the 2™ insertion. A properly inserted 2" BAC
results the 3’ end having a puroATK gene flanked by inverted PB LTRs (Fig. 26) —

essentially a proper transposon structure, exactly analogous to the consequence of a

successful 1 BAC insertion. And therefore this transposon can likewise be removed by
the transient expression of the piggyBac transposase (from an electroporated vector).
Cells with the correct excision event can be selected by FIAU resistance — ie, no
thymidine kinase activity from the puroATK gene. This completely removes the 3’

modification leaving no trace nucleotides.

6. After curing of the 3’ modification of the 2" BAC insertion, the landing pad becomes
identical to the original. This entire process, steps 2 through 5, can be repeated multiple
times to build up a large insertion into the genome. When complete, there are no residual

nucleotides remaining other than the desired insertion.

With the insertion of an odd number of BACs into the Ig loci, the endogenous VDJ or VJ
sequences can be inactivated through an inversion via chromosomal engineering as follows (see
figures 27 — 29):

1. Targeting a “flip-over” cassette into a 5’ region 10 to 40 megabases away from the
endogenous VDJ or VJ. The flip-over vector (PB3’LTR — PGK promoter — HPRT mini
gene 5’ portion — loxP — puroATK — CAGGS promoter — PB3'LTR) is depicted in Fig 27

along with the relative orientations of the lox sites and PB LTRs.

2. Transient CRE expression will result in recombination between the loxP site in the “flip-
over” cassette and the loxP site in the 5 maodification. This 5’ modification is as described
in Steps 2 and 3 above — essentially the modification resulting from insertion of an odd
number of BACs, after the 3° modification has been cured. The loxP sites are inverted
relative to one another and therefore the described recombination event results in an
inversion as depicted in Fig 28. Cells with the correct inversion will be HAT-resistance

since the HPRT mini-gene is reconstituted by a correct inversion.



(b) optionally one or more human IgH V regions, one or more human D regions and one or more
human J regions upstream of the host non-human mammal constant; wherein the non-human
mammal is able to produce a repertoire of chimaerig antibodies, or chimaeric light or heavy chains,
having a non-human mammal constant region and a human variable region. 3A non-human mammal

cell whose genome dpaypiinesion als@cavRbiaityanfudaraarighlrys rREIORStHNAIPEBORdYsman D
regions and one of mere '%“’Fﬂé‘&\frl:!ﬁo%'o'%%t}{pééﬁe%” e‘?JcFéL% host BRsRHMAL, V%@%h?&&%&%ﬂt region

and (b) optionally one or more human ’ﬁ ht chain kappa V regions and one or more human Ig
0%

light chain kappa SREGISAYT URRIREAT JPIE ﬁ‘%fh@ﬁ%ﬁ%%&?ﬁépﬁ%l'idﬂ@tdﬁ? EieH and/or
one or more humarclgjdigeoHsisdieniertias\foleyk lis Glriétresistanceniire HoTamingdryistieldaletddimbda J
regions upstream«Hkiths MRstrReBtiHN AR padNMRl Janshdadtassiant ie@endd dssdritemantHaammal

cell whose genomg B@%ﬂﬁeﬁé@%'%ﬂ@éﬁ’éﬂ%ﬁr\‘/& BINE RRAINLRARRAY, RGIPHR @ichpRg Or more

human Ig light chain kappa J reglons upstream of the host non-human mammal kappa constant region
40 and/or a pluralf§ 8PPy rl?jﬁ?%l’fﬁm AR \PriogNaiaR PlolE SPIRSTEHE %WBJI §ht chain

lambda J regions |&%b"st/rém®§the host non-human mammal lambda constant region; and (b)optionally
one or more human IgH V regions, one or more human D regions and

The methods of insertion of the invention suitably provide one or more of:

Selection at both 5’ and 3’ ends of the inserted DNA fragment;

Efficient curing of the 3’ modification, preferably by transposase mediated DNA excision;
Inactivation of endogenous IGH or IGK activity through an inversion; and

Excision of modifications, leaving no nucleotide traces remaining in the chromosome.

Example 3

Proof of concept of the approach is disclosed in Figure 30. In Figure 30 a landing pad as shown
in figure 22 was inserted into the genome of a mouse by homologous recombination, followed by
insertion of the R21 plasmid into that landing pad via cre-mediated site specific recombination.
The insertion event generated a number of general insertion events, 360 G418 resistant colonies,
of which ~220 were inserted into the desired locus, as demonstrated by disruption of the HRPT

minilocus.

The R21 vector mimicks the 1% BAC insertion vector at the 5" and 3’ ends, including all selection
elements and recombinase target sites. In place of BAC sequences, there is a small ‘stuffer’
sequence. This vector will both test all the principals designed in the invention and allow easy
testing of the results in that PCR across the stuffer is feasible and therefore allows both ends of
the insertion to be easily tested. R21 was co-electroporated with a cre-expressing vector into the
ES cells harbouring the landing pad in the IGH locus. Four sets of transformed cells were
transfected in parallel and then placed under different selection regimes as indicated in Figure 30.
G418 selection (neo gene expression) resulted in the largest number of colonies due to there
being no requirement for specific landing-pad integration. Any integration of R21 into the genome
will provide neo expression leading to G418-resistance. Puro selection resulted in a similar
colony number to Puro + 6TG or G418 + 6TG, suggesting that the stringency of Puro selection is
due to the PuroATK lacking a promoter in the vector. Puro expression is only acquired when an
integration occurs near a promoter element — in this design most likely specifically in the landing
pad. These conclusions are supported by the results from junction PCR which is shown in Figure
31.



one or more human J regions upstream of the host non-human mammal constant region. 5A cell
according to claim 3 or 4 which is an ES cell, hematopoietic stem cell or other cell capable of
developing into a non-human mammal able to prodgce a repertoire of antibodies or antibody chains
which are chimaeric, said chimaeric antibodies or chains having a non-human mammal constant
region and a human variable region. 6.A cell according to claim 3 or 4 which is an ES cell,

hematopoiefic ﬁ%%"sFe%”uﬁ’ r?éhﬁve%‘ﬁﬂ capable, o ﬁ%”%’ QMH”MR '&?éb‘?ﬁt@d“%&é%%?ﬂé‘a%@ puman

mammal which is able to I’O uce arep ertoire of antibodies or antib C ains which are chimaeric,

said ch|ma%‘??é“é‘??ﬁﬁ@ﬂ?é@%‘é%‘?{étﬁ%{ﬂﬁﬁt@%w HEﬁﬂé?FWPa?ﬁH?Q?%JM%&W%ﬁ iBIELINE §450Pan
variable regioexprandinglieorindiitialadierns biedirapeveciBih inserigthénteithenandisiy adandnezibigesiagne is
modified topRRBRBl-efoiRBiHES: BXpeSHa8 vk trihslaosirsEretiesHpasiicorR IO diIRg) BAsasit@ionammal

according 1Q.¢laimR il FONMRKSINOSINFEHRSMATMAD Yoy gae*a'e r@qm&w&ér%@tﬂ@émwan heavy

and human light chain. 9A cell or mammal accordlngFto claim 8 wherein the cell or mammal is

homozygoﬁ?@?%tr%et‘f(ﬁ%”éP%ﬁ PRYEaG AR SRR IBY Y RSB RS iRGd 3 RilRLERE A ody
chain. 10AGeIrelshehthesalvectastelinyfes Rrnreoied ainmiscssettuse rfunsasaluischine resyirsuIs at

positive PCR between the primer set labelled “3” in Figure 32. Of the 6 clones, 4 had correct

excisions, 1 clone remained in the original configuration and 1 other had a deletion.

These data demonstrate iterative insertion of DNA into a landing pad at a defined genomic locus

using the approaches outlined above.

Example 4

Example 3 demonstrated that the design of the claimed invention was capable of providing for the
insertion of a test vector into the genome at a defined location, in this case the R21 vector into the
mouse IGH locus. The use of the appropriate selection media and the expression of cre-

recombinase resulted in a genomic alteration with the predicted structure.

The same design elements described in this invention were built into the 5’ and 3’ ends of a BAC
insert. Said insert comprised human sequences from the IGH locus and was approximately
166-kb. This engineered BAC was electroporated along with a cre-expressing plasmid DNA into
mouse ES cells harbouring the landing pad at the mouse IGH locus. The transfected cell

population was grown in puro-containing media to select for appropriate insertion events.

Seven resulting clones were isolated and further analysed. The expected recombination event
and resulting structure are depicted in Figure 33. Based upon data from the R21 experiment
outlined in Example 3, a stringent selection for correct clones was expected when the transfected
population was selected in puro-containing media. This is because the puro-coding region
requires a promoter element and this is preferentially supplied by the landing pad after
recombination. Accordingly, the majority of the 7 isolated clones had inserted correctly into the
genome at the landing pad as determined by the diagnostic PCR. The primers for diagnosing a
correct insertion are depicted in Figure 33. Correct junctions are present in the genome if a
610-bp fragment is amplified between primers ‘A’ and ‘X’ and a 478-bp fragment is amplified
between primers Y’ and ‘B’ (Figures 33 and 34). Note that there are amplified fragments between
‘A’and ‘1’ primers and ‘2" and ‘B’ primers indicating the presence of parental genome (that is, the
landing pad alone). These result from parental cells present internally in the cell colonies under
puro-selection that escape the selection due to the geometry of a colony. After passaging the

colony through puro-containing media, these parental junction fragments disappear indicating that



one, two or all three immunoglobulin loci for DNA encoding a chimaeric heavy or light chain. 11A cell
or mammal according to any of claims 1-10 wherein the insertion of the human heavy chain DNA is

located upstream of the non human mammal heavygchain constant region, and/or the insertion of the
human light chain DNA is upstream of a non-human mammal light chain constant region, such that a

chimaeric heapxreitiokeichrindnaydaarpro theosshimibe. tebdsitnaamed. dahLrlersrammpalaccording
to claim 11r¥¥'%‘?£ﬁ1’¥!>%‘%”§seé 38&6%5‘5‘?‘%9Hﬁlé‘f‘gQNeAs'%mﬁ%?eg%wﬁeego%%ﬂ%&?&m@nmamma'

constant region and the last, 3', non-human mammal J region. 13A cell or mammal according to any
preceding claim wherein the genome of the cell does not comprise constant region DNA from another
cell or orgaftisse. datprinstidhtecibot dingiesiofeihairaedy (whinteitingriangs teaited. ths Aumeth&ddoriproducing a
non-humanyénasa maitne el i enbaethashanenpin singh i sRr iagsiniQieh RPA-MuiBanihapmaligelt genome;
(@)a pluralipy.af-uma gkt YrigRian e 0GRE TR N %?%%Sﬁgé%ﬁs@ﬁ RPBRNLE Hugan J regions

upstream of the host non-human mammal constant region; and



41 (b)optionally one or more human Ig light chain kappa V regions and one or more human Ig light
chain kappa J regions upstream of the host non-human mammal kappa constant region and/or one or
more human Ig light chain lambda V regions and ogge or more human Ig light chain lambda J regions
upstream of the host non-human mammal lambda constant region; respectively, the insertion being
such that the non-human mammal is able to produce a repertoire of chimaeric antibodies or heavy or
light antibody chains having a non-human mammal constant region and a human variable region,
wherein st%;?%rg]as) and (b) can be carried out in either order and each of steps (a) and (b) can be
carried out In a stepwise manner or as a single step. 16A method for producing a non-human mammal

or cell, the {nethog co risingninser 'r\}\% into a non-human mammal cell genome; (a) a plurality of
non-numanmamma 0Se genome comprises.

human Ig light chain kappa V regions and ohe or more human Ig light chain kappa J regions upstream

of the host non-hyfjan ”}mﬁg:&ﬂ%gﬂW?@Qﬂ%%ﬁ%%ﬁg&#%ﬁ&ﬂ%%% hg@raﬁg Jadight chain

lambda V regions and one or more human ﬁ li J regions upstream of the host
non-humarMEMHTENARBIESHHEEN PEGRRCSRG™UMER T GREH SRHE ERRbAYhuman IgH v
regions, one or more human D regions and one or more human J regions upstream of the host

non-human mamiPal cortSERR¥hEHSEMBH BEIYJ8 S ThE AR AR LR R AT ¥ Ao
produce a rep@ndirdabt ehaimepivaahttioistredrsirersa el the hgblt rantibiognchaireshsohng eongachuman
mammal CositarNRgiIoneatnarB HOMRI VRl sRODIM AN dEiaRs A anddi)rearhe agrtied out in
either ordeg,ang. each, 9fSieRs (@A, DraRReATIRLAMIR A IERMISRSRABNSEQLAS a Single step.

17A method according to claim 15 or 16 wherein the cell is an ES cell. 18A method according to claim
15-17 Whe(ﬁ%@réﬂ?twbs%m%mﬂéﬂﬂngﬂé QBIX‘]J%QG& a repertoire of chimaeric antibodies, or
chimaeric light or heavy chains, having a non-human mammal constant region and a human

variable region.
2 A non-human mammal whose genome comprises

(a) a plurality of human Ig light chain kappa V regions and one or more human Ig
light chain kappa J regions upstream of the host non-human mammal kappa constant region
and/or a plurality of human Ig light chain lambda V regions and one or more human Ig light chain

lambda J regions upstream of the host non-human mammal lambda constant region; and

(b) optionally one or more human IgH V regions, one or more human D regions and

one or more human J regions upstream of the host non-human mammal constant;

wherein the non-human mammal is able to produce a repertoire of chimaeric antibodies, or
chimaeric light or heavy chains, having a non-human mammal constant region and a human

variable region.
3 A non-human mammal cell whose genome comprises

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region and

(b) optionally one or more human Ig light chain kappa V regions and one or more
human Ig light chain kappa J regions upstream of the host non-human mammal kappa constant
region and/or one or more human lg light chain lambda V regions and one or more human Ig light

chain lambda J regions upstream of the host non-human mammal lambda constant region.
4 A non-human mammal cell whose genome comprises

(a) a plurality of human Ig light chain kappa V regions and one or more human Ig

light chain kappa J regions upstream of the host non-human mammal kappa constant region



upstream of the host non-human mammal constant region is accomplished by step-wise insertion of
multiple fragments by homologous recombination. 19A method according to claims 15-18 wherein one
or more insertion events utilises site specific recomjgination. 20A method for producing an antibody or
antibody heavy or light chain specific to a desired antigen, the method comprising immunizing a
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or 21. antibody chains which are chimaeric, said chimaeric antibodies or chains having a non-human

mammal constant region and a human variable region.

6. A cell according to claim 3 or 4 which is an ES cell, hematopoietic stem cell or other cell
capabile of contributing to tissues and organs of a non-human mammal which is able to produce a
repertoire of antibodies or antibody chains which are chimaeric, said chimaeric antibodies or

chains having a non-human mammal constant region and a human variable region.

7 A cell or mammal according to claim 1-6 wherein the cell or mammal genome is modified

to prevent or reduce expression of fully host-species specific antibodies.

8 A cell or mammal according to claims 1-7 comprising inserted human variable region

DNA from at least a human heavy and human light chain.

9 A cell or mammal according to claim 8 wherein the cell or mammal is homozygous at

one, two or all three immunoglobulin loci for DNA encoding a chimaeric antibody chain.

10 A cell or mammal according to claim 8 wherein the cell or mammal is heterozygous at

one, two or all three immunoglobulin loci for DNA encoding a chimaeric heavy or light chain.

11 A cell or mammal according to any of claims 1-10 wherein the insertion of the human
heavy chain DNA is located upstream of the non human mammal heavy chain constant region,
and/or the insertion of the human light chain DNA is upstream of a non-human mammal light
chain constant region, such that a chimaeric heavy or light chain may be produced in the cell or

mammal.

12 A cell or mammal according to claim 11 wherein the insertion of the human DNA is made

between the non-human mammal constant region and the last, 3', non-human mammal J region.

13 A cell or mammal according to any preceding claim wherein the genome of the cell does

not comprise constant region DNA from another cell or organism.
14 A cell according to claims 2-13 which is immortalised.

15 A method for producing a non-human mammal or cell, the method comprising inserting

into a non-human mammal cell genome;

(a) a plurality of human IgH V regions, one or more human D regions and one or

more human J regions upstream of the host non-human mammal constant region; and



24Use of a humanised antibody or chain produced according to claim 20 or 21 in medicine. 25A
humanised antibody or antibody chain produced according to claim 20 or 21 for use in medicine.
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(b) optionally one or more human Ig light chain kappa V regions and one or more
human Ig light chain kappa J regions upstream of the host non-human mammal kappa constant
region and/or one or more human lg light chain lambda V regions and one or more human Ig light
chain lambda J regions upstream of the host non-human mammal lambda constant region;

respectively,

the insertion being such that the non-human mammal is able to produce a repertoire of chimaeric
antibodies or heavy or light antibody chains having a non-human mammal constant region and a
human variable region, wherein steps (a) and (b) can be carried out in either order and each of

steps (a) and (b) can be carried out in a stepwise manner or as a single step.

16 A method for producing a non-human mammal or cell, the method comprising inserting

into a non-human mammal cell genome;

(a) a plurality of human Ig light chain kappa V regions and one or more human Ig
light chain kappa J regions upstream of the host non-human mammal kappa constant region
and/or a plurality of human Ig light chain lambda V regions and one or more human Ig light chain

lambda J regions upstream of the host non-human mammal lambda constant region; and

(b) optionally one or more human IgH V regions, one or more human D regions and

one or more human J regions upstream of the host non-human mammal constant;

the insertion being such that the non-human mammal is able to produce a repertoire of chimaeric
antibodies or heavy or light antibody chains having a non-human mammal constant region and a
human variable region, wherein steps (a) and (b) can be carried out in either order and each of

steps (a) and (b) can be carried out in a stepwise manner or as a single step.
17 A method according to claim 15 or 16 wherein the cell is an ES cell.

18 A method according to claim 15-17 wherein the insertion of human VDJ or VJ regions
upstream of the host non-human mammal constant region is accomplished by step-wise insertion

of multiple fragments by homologous recombination.

19 A method according to claims 15-18 wherein one or more insertion events utilises site

specific recombination.

20 A method for producing an antibody or antibody heavy or light chain specific to a desired
antigen, the method comprising immunizing a non-human mammal as claimed in claim 1 or 2
with the desired antigen and recovering the antibody or antibody chain or recovering a cell

producing the antibody or heavy or light chain.

21 A method for producing a fully humanised antibody or antibody chain comprising
immunizing a non-human mammal according to claim 20 and then replacing the non-human
mammal constant region of an antibody specifically reactive with the antigen with a human

constant region, suitably by engineering of the nucleic acid encoding the antibody.
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22 A method, cell or mammal as claimed in claims 1-21 wherein a human coding region
DNA sequence is in a functional arrangement with a non-human mammal control sequence, such

that transcription of the human DNA is controlled by the non-human mammal control sequence.

23 A humanised antibody or antibody chain produced according to claim 20 or 21.
24 Use of a humanised antibody or chain produced according to claim 20 or 21 in medicine.
25 A humanised antibody or antibody chain produced according to claim 20 or 21 for use in

medicine.



