WO 2008/027986PCTIUS2007/077143 ENHANCED EXPRESSION OF HUMAN OR HUMANIZED
IMMUNOGLOBULIN IN NON-HUMAN TRANSGENIC ANIMALS 5Field of the Invention This

invention relgigs,igs@ maifod to improve the expression of human(ized) impaynegialuli fisnon-human
transgenic animals by promoting normal B-cell development and by sustaining the expression of
hurnaMized) antibodies in nonhuman anj 5#1?}; in ¥ lygiaal¥igiete’ in Joci. In
particulgr, this 10invention reIate:sE‘%Pt]f‘i\‘é1 % ané%)%isgéggg}]ﬁﬁﬁo tl\r}aq}niggen‘esggr?gg Ing
human(ized) Iga and/or la components of tHENBLOEN G L3 ™Y transgenes encoding a human(ized)
|mmunqglobulln locus or loci. This mefRagaltawsiiri theagonmmant exporession of human(ized)
antibodies, for example in the blood, milk or eggs of the transgenic non-human animals. 15 Description
of the Related Art Antibodies are an important class of pharmaceutical products that have been
successfully usgghin thentreatmenhof various human diseases and conditions, such as cancer, allergic
diseases, prevention oattransplant rejection and host-versus-graft 2Qdisease. jok-problem of
the antibody preparati #?ésé%‘tﬁ?rﬁ‘é’a frég%e%)n%ﬁﬁ?]hgé gh%%rl-g%e%t{rl}ee% ? tﬁggfgﬁr%fng}ﬁr[%&%%gy of
non-human_|mmnmnagio@uﬁnérin'mtunmamrp_atiemmmwrd@mdwmﬁéméﬁmmw?@b&ﬁéﬁy of non-human
antibodies, it hag, baen shaWn el ax Hsing AniTaLvariable (LR 0n eeRSIIRNRAN constant (0
tts region exons, a chimeric antibody gene can be obtained. Such chimeric or humanized antibodies
have minimal inmurogenielyhw uamahya iFed ) dpproprgebrbindse intsmetEpeltic treatment of

human su%—:‘ ClSinvention relates to the simultaneous expression of transgenes encoding human(ized)

Iga and/or 1gB, components of the B-cell receptor, and transgenes encoding a
human(ized) immunoglobulin locus or loci. This method allows for the dominant
expression of human(ized) antibodies. for example in the blood, milk or eggs of the

transgenic non-human animals.

Description of the Related Art

Antibodies are an important class of pharmaceutical products that have been
successfully used in the treatment of various human diseases and conditions, such as
cancer, allergic diseases, prevention of transplant rejection and host-versus-graft

20 disease.

A major problem of the antibody preparations obtained from non-human
animals is the intrinsic immunogenicity of non-human immunoglobulins i human
patients. In order to reduce the immunogenicity of non-human antibodies, it has been

shown that by fusing animal variable (V) region exons with human constant (C)
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region exons, a chimeric antibody gene can be obtained. Such chimeric or humanized
antibodies have minimal immunogenicity to humans and are appropriate for use in the
therapeutic treatment of human subjects.

Humanized monoclonal antibodies have been developed and are in clinical
use. However, the use of monoclonal antibodies in general, whether chimeric,
30 humanized or human, for the treatment of devastating diseases such as cancer or
infections with virulent pathogens, is limited due to the complexity, multifactorial
ctiology and adaptivity of these diseases. Monoclonal antibodies directed against
singularly defined targets usually fail when those targets change, evolve and mutate.

For instance, malignancies may gain resistance to standard monoclonal antibody
!



Humanized mo_noclonal antibodies have been developed and are in clinical use. However, the use of
monoclonal antibodies in general, whether chimeric, 30humanized or human, for the treatment of

devastating {igeases,skigh as cancer or infections with virulent pathogens pisjiigghdye i9 the
complexity, multifactorial etiology and adaptivity of these diseases. Monoclonal antibodies directed

against singularly defined targets usually fail when those targets ch evol .
instance, malig%%&é'nﬁwgﬁ?ﬁqé%i@gﬁé g 3 R ?‘a? plate %’QV}{%}?HQV_@%Q te. For

: | i QY5"8EHART fohodional antibody therapies. A solution to
this problem is gilise:palyeionaiantibodies vhich thaves theohbilityionsilpeie plaratityrafies/olving

targets. Polyclonal an 'bcr)(el;il?gI can neutgaclf'lzrecp?cterial Perségﬂeté) " _%;’g‘gg dirggtim W& Lesponses to

kill and eIiminatbéP‘%JtSfﬂ%l ens. tomﬂ%@c})}r_dlngﬁy, {Hglrtéilie:sa reat clinical need for suitable methods for the
large-scale productionsof-higinditerthhighsaftinity chomaniged {polydlearasiiadiolbéisarEtibodies.

Further, since production Slantinadies:. ARt HANSORNIANIAISINR fabhenihickena sheep and

cows is favored Tro he standpoint of antibody yield, creation of larger founder animals expressing
higher amountswof trainsgenatbriesied ProHIGHE 8 HIBERIGRY HESHED ST A2 honoclonal

antibodies are typically wuman antipodiesn which seme &PRerasidigsand possiblyisame FR

res?due_s, are substituted by residues from analogous sites in non-human, animal, e.g. rodent,
antibodies. Hum@ﬁlﬂﬁti@ﬁ@&ﬁﬁé%éﬁﬂéﬂ?lb%?ﬂfﬁ%?é%?ﬁb‘%\%ﬁi@%sn%fﬁadﬁ%?P@Yﬁﬂggfigad co-workers
(Jones etal., Nay,lg@u@gg:akﬁgzh@ «fRi@ghmann et al. "Vatare, 332: 323 (1988); Verhoeyen et 15ui.,

Science, 239: 1534 (1988)), by substituting non-human, animal CDRs or CDR .g.
rodent), for’the corres%ﬁ&ﬁ@%@ﬁ@ﬂ@%%ﬁaﬂlﬂagﬁ W&HB@%% antibs %Bod%%?@ﬁ%é?ng

humanized antigggiasiir avimals, enepreisnencsiniaiddds the sehsdogeddusrprodastionnof host

antibody over transgenic antibody, which needs to 70he suppressed. Ith 2en. ihed that the
homozygous déftiSA° S t‘ﬁ@Sa‘ﬁltfbgéldg}?’ﬂég\,@lfé;‘ﬁ%},hejéir{,‘)né' r}gé*f‘g}, ﬁ%&g}éﬁ%?gﬁfr%i?%?gd germ-line
mutant mice, resilistial thecompletéinhibition ofertogenyus antidody productivneT eanster of a

produion of UK aETbstTen o S Phelenge LUz, €33, Akl o M oe, Nat. Acad.
Sc! US.4, 90: 255162993); J3kobovitsaIs SNakurey 862t pgsnon-human, animal CDRs or CDR
sequences (e.g. rodent), for the corresponding sequences of a human monoclonal
antibody.
While making humanized antibodies in animals, one problem encountered is
the endogenous production of host antibody over transgenic antibody, which needs to
20 be suppressed. It has been described that the homozygous deletion of the antibody,
heavy-chain joining region (JH) gene in chimeric and germ-line mutant mice, results
in the complete inhibition of endogenous antibody production. Transfer of a human
germ-line immunoglobulin gene array into such germ-line mutant mice will result in

the production of human antibodies upon antigen challenge. See, e.g., Jakobovits ef

al., Proc. Natl. Acad. Sci USA, 90: 2551 (1993); Jakobovits er al., Nature, 362: 255
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(1993); Bruggemann er al., Year in Immunol., 7. 33 (1993); U. S. Patent No.
7,064,244 issued June 20, 2006; the disclosures of which are incorporated herein by
reference in their entirety.

The introduction of human immunoglobulin genes into the genome of mice

results in the expression of a diversified human antibody repertoire in these

tad
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genetically engineered mice. The generation of mice expressing human-mouse
chimeric antibodies has been described by Pluschke er al., Journal of Immunological

Methods 215: 27-37 (1998). The generation of mice expressing human
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(1993); Brug,gemann et al, Year in Inunutrol., 7: 33 (1993); U. S. Patent No. 7,064,244 issued June 20,
2006; the disclosures of which are incorporated herein by reference M their entirety. The introduction
of human ingpaLHRgIRRWiN genes into the genome of mice 30results in thepexpusseionoh & diversified
human antibody repertoire in these genetically engineered mice. The generation of mice expressing
numan-mouse SHe Aptihedis s Besp datriped- PRI Ak, doiRa)AL mmunological
Methods 115: 27-17 21@9 ). The generation of mice expressing human immtmoglobulin polypeptides
has been descrity€cliy NeuBereferretadla/ Nbturde 83813862 (1989) -Ponbetg ety lat. Rev. Imn2unol.

13(1):65-93 (19;95)@%%9gﬁ,mnp%p&a%@pmoﬁi@ggLa@el.-s%(éb‘ﬂ?@@. ELRGANY.S. Patent No.
5,545,806, issued August 1996; U.S. Patent No. 5,545,807, issued August 1996 and U.S. Patent No.

5,569,825, issued Octobarsrode thestistibstires Bt are TAcSparated Hugsm biPfetdfence in their

entirety. The gepeyatign ahieovssespressingumnanantibedias bas bess desaribed:by Kuroiwa et al_
Nature Biotech 20(9): 889- 894 (2002). The production of non-human transgenic animals expressing

human(ized) imARHBBYRBHRMT T RRIJE HRBCIHE BYIBGRHE of HitiBTEiaE $roth SUEhSTBIFS§Eic animals

have also beendgseribediidetait B LublicatiatuNesa\WQ/9 20398 W2 1P4889and in U.S.
Patent Nos. 5,814 3,1? 7e‘lngjx,5,570,42‘9, thefdisq osures of which are ereft% ex| Eessly incorporated by
reference in their ehTTety: The RTEHIZEA LB SERSAEH RIS Thunogenicity to
humans and arewappropribterionnse shithe thesapeutic tieatmbntiof hiimaibstibjettsn suctWhile the
genetic enginering approachss elied abave rasulLin the SXpreasim o iuman mmLngglobuin
polypeptides in geneflcalfy engineere mlce,nfhe fevel of human Immunog Ghulin expression is lower
than normal. THIS/H&Y he\dué1d spetiesdspddifichagulatosy eferhehts indlie irhithdlgtobulin loci that

are necessary fpr.gffigientpaieasion afimmungolebuling, As demanstiated inJatsieaied cell fines,

20regulatory elements present in human immunoglobulin genes may not function properly in

non-human anifizidiSevered paghrssoblemehts Va ImmuALEHOBUILgERESs BaveBaeAdeseribed. Of

particular impor&ap&%&& enhancers dawnsireamiafheaw GhaimceRstant regions and intronic
enhancers in light chain genes. In addition, other, yet to be identified, control elements may be present

in immundglobulin gen88! S8 HHEe e SRBIAISE tHes fridiis a77d AR RS FOBRESHE tail of the

membrane form, of immunegiehulisy mMplecuiesplay: an deaparant éplenkeRunressian levels of
human-mouse chimeric antibodies in the serum of mice homozygous for the human Cyl gene.

Therefore, for tHEBXpHEERIBH B REIGIBHSHS i UGS BURN Gehes Th AHini4ISHt 18 deitable to
replace sequengesi8 thailcontadn:erhanaehelements andiaxonrs @acading-transmembrane (Ml exon)
and cytoplasimic 21 (2 X)Wt seSHEnges At 242 nemallioyng i heanimal i ar
20 regulatory elements present in human immunoglobulin genes may not function
properly in non-human animals. Several regulatory elements in immunoglobulin
genes have been described. Of particular importance are enhancers downstream (37)
of heavy chain constant regions and intronic enhancers in light chain genes. In
addition, other, vet to be identified, control elements may be present in
25 immunoglobulin genes. Studies in mice have shown that the membrane and
cytoplasmic tail of the membrane form of immunoglobulin molecules play an
important role in expression levels of human-mouse chimeric antibodies in the serum

of mice homozygous for the human Cyl gene. Therefore, for the expression of

heterologous immunoglobulin genes in animals, it is desirable to replace sequences

(5]
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that contain enhancer elements and exons encoding transmembrane (M1 exon) and
cytoplasmic tail (M2 exon) with sequences that are normally found 1n the animal in

similar positions.



Human immunogiobulin expression in these genetically engineered animals may also he affected by
B-cell development of the. non-human B-cells carrying the human or humanized immunoalobulin loci.
The influenveoafutise Bvsell receptor (BCR) on B-cell development has beeﬁ%?ﬂéﬁé@@%éﬁﬁvely in
mice. However, it has been unclear how a human or partially human antibody combines to form a

functional BCR, and whgther sticha BERiwould-efficientlyiafiuenca dhe develepraentiand survival of
non-human B-cells expressing human(tied) ig. in transgenic animals, which,é' turn, would affect

antibody Brief Descstdts efiBrahings <!l Figtife RO RS Bn SRS 40§ Aifghmdmt SEHE human iga
polypeptide sequenge (SEQIRN@i-Nwithathernon-humanincseguenees (SEQN@ss2-6). Figure 2
shows an amino acid alignment of the human JO polypep tLgI,eoseqLﬁelnce SEQ.ID ,NVQ: 712 yl\ggh other
non-human Ig,P BeGuéeRcesTEERY 1INOE Bammans AT ibbditdht the discisstre provides a
transgene consyust gncogding.a chimeraigasubuniteftherBERy whetein the thimefisigmsubunit
comprises an intracellular domain sequence and a transmembrane dgmain uence of a non-
20hlfman, lga pé@Bebﬁé{é"é@ﬁﬁéﬁ‘é@&qﬁﬁ&%ﬁ’fﬁ%F,j S%rﬁ%llﬁﬁé%ﬁaé 63%%%% 5?1]:0? %&? aé?—:-céuence identity
to the extracellular.demaim ef humanige 0f SEQSKNNQuriatiiznofierembegimentithe disclosure

rovides a transuene construct encoding a .. .
P which,?n turn, wouic?agjecg antibody vields.

10 Brief Description of Drawings

Figure 1 shows an amino acid alignment of the human Iga polypeptide
sequence (SEQ ID NO: 1) with other non-human Iga sequences (SEQ ID NOs: 2-6).
Figure 2 shows an amino acid alignment of the human Igf3 polypeptide

sequence (SEQ ID NO: 7) with other non-human Igf sequences (SEQ ID NOs: 8-12).

Summary
In an embodiment, the disclosure provides a transgene construct encoding a
chimeric lga subunit of the BCR, wherein the chimeric 1g@ subunit comprises an
intracellular domain sequence and a transmembrane domain sequence of a non-
20 human, lga polypeptide sequence; and further, a polypeptide having at least 85%

sequence identity to the extracellular domain of human Iga of SEQ ID NO.: 1.

In another embodiment, the disclosure provides a transgene construct encoding a
chimeric 1gB subunit of the BCR, wherein the chimeric Igf3 subunit comprises an
25 intracellular domain sequence and a transmembrane domain sequence of a non-
human, IgP polvpeptide sequence, and further, 2 polypeptide having at least 85%

sequence identity to the extraceliular domain of the human IgB of SEQ ID NO.: 7.

In a certain embodiment of the disclosure, the type of non-human Iga
30 polvpeptide sequence includes, but is not limited to, the bovine (SEQ ID NO: 2};
murine (SEQ ID NO: 3); canine (SEQ ID NO: 4); primate ((SEQ ID NO: 5); rabbit
(SEQ 1D NO: 6) or other non-human sequences. In another embodiment of the

disclosure, the type of non-human IgB polypeptide sequence includes, but is not
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chimeric 10 subunit of the BC:P., wherein the chimeric Ig . subunit comprises an intracellular domain
sequence and a transmembrane domain sequence of a nonhuman, to polypeptide sequence, and
further, a pelypeptdebgving at least 8,56 sequence identity to the extracehGEHFEIAIR’dfthe human
Tcy.p of SEO ID NC).: 7. In a certain embodiment of the disclosure, the type of non-human 1ga
30polypontide seuuence include i {JHmige: g8 .( 2 e SEID NO: 3);
canine (SEQ. B‘?ﬂ%idf% é@?rﬁéﬁ’?f(gég III;I?)N{\JI(%5n Ié fdrrél%(éit ( q?g@% g%%g%?ﬁk?gqgfﬁﬁgn
sequences. In anotirer(8hbddiment of:thid distlosurel #Hd @/pe o rohchBATHRBIZ PSR Ete
sequence includes, but is not limited to, the canine (SEQ ID NO: 8) rat (SEQ ID NO: 9); bovine (SEQ
ID NO: 10); murine (SEQ ID NO: li): chicken (SEQ ID NO: 12) or other non-human sequences. In an
embodiment, the o suhvdiTean Seic amandreesapf sesN@ FenransdeheEapgstect encoding either a
full-length, humap Igq subupitf SEQ IPNC)n knor the:ghineric iga subunjtiasidefined abeve, and/or,
(b) a transgene construct encoding either a full-length, human TO subunit of SEQ ID NO.: 7, or the
chimeric. 1g13 selbjariticde Hefived abgeEnahabTey A HHANSENd EoRSHUIG SRR G S Hiffanized)
immuncalobulin Jogus, whetsinthe resyltaptiransgens mrodusts combing:tenfareriaig@hum. an(ized)
B-cell receptor complex. In one embodiment. he expression of an Qendgm(ﬁ, I%ﬁ%rod(ﬁction, and/or,
endogenous IgosBHETGrasrEagena0e g B Ehb b B PSS SAM ST the RERC I PARYGE Hic animal is
substantially redygeghc10.8R0ther embediment: thesnon-hyman transgenicnanimab i selected from a
group eonsistinc, of rabbit, mouse, rat, pig. shqen, goat, bird, horse, donkei,, and cow. in a preferred

embodimeHt, thd HBHHEAAR FEhSYERIC AR a rabbit.

In one embodiment, the expression of any endogenous Ig
production, and/or, endogenous Igd and/or endogenous 1gf3 subunit expression, of the

non-human transgenic animal is substantally reduced.

15
In another embodiment, the non-human transgenic animal is selected from a
group consisting of rabbit, mouse, rat, pig. sheep, goat, bird, horse, donkey and cow.
In a preferred embodiment, the non-human transgenic animal 1s a rabbit.
20 In an embodiment, the disclosure also provides an isolated human(ized)

immunogiobulin from the non-human transgenic animal defined above, which 1s
either an antibody or an antibody fragment. In a certain embodiment,
the isolated human(ized) immunoglobulin is either a polyvclonal or 2 monoclonal
antibody, or alternately, is an antibody fragment. The antibody fragment can be either
25 from a polyclonal or a monoclonal antibody. Further, the antibody or the antibody
fragment can be labeled, or fused to a toxin to form an immunotoxin, or coupled to a
therapeutic agent, or fused to any heterologous amino acid sequence well-defined and
used in the art. In some embodiments, the antibody fragment is a Fe, Fv, Fab, Fab’ or

F(ab'), fragment.

()
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In another embodiment, the disclosure provides an isolated B-cell from the non-human
transgenic animal defined above, where the B-cell expresses either the native human

Iea subunit or a chimeric Iga subunit and/or either the native human IgB subunit or

h



20In an embodiment, the disclosure also provides an isolated human(ized) immunoglobulin from the
non-humanttrassryenid ghimpiaeinsd dHve 2 WhithiE SithdP QRUPAIBEE or an antibody fragment. In a
certain embx‘?r%’(m?&}i’oﬁtlﬁﬂ?&l@&%d_HP&Q%GZ&%Mm%%@%ﬂnc@ﬂﬁh%@eﬁ@h@@@@d o & monoclonal
antibody, or alternately, is an antibody fragment. The antibody fragment can be either from a
polyelonal arafmmoneeibpdinzanibSaiE FERREI A4 RIbody or the antibody fragment can be labeled, or
flised to a toxin to form an immunotoxm, or coupled to a therapeutic agent, or fused to any
heteroiogous amino acid sequence well-defined and used in the art. In some embodiments, the
antibody fragniet ésboRieeRly Iraiscioapregr et 2 ZgHRaft BEPaTA"SA S &rbGdiment, the disclosure
provides an jsplated Bsrelh from the.poa-humanstrapsdenia.animal defined above., where the B-cell
expresses either the native human Igo subunit or a chimeric Iga subunit and/or either the native
human IgP subunit or the chimeric lap subunit, and further, also expresses the humaMizedl|

immunoolohulig, logys. I, 6E5RILCMDEIMBERES IR &L ehtsmivinnardggbanchin a preferred
embodiment, is derived from a rabbit. In g embodimeng,ﬁtheéjgjgcl,osgre.é)rovid%ia\r}],%}tibody
preparation ¢ORIBAEIAGRAHRABSE BYEY ﬁBQW?}%ﬁﬁ]eﬁfrés“ 888ribed Above. n another
embodiment, the. disclsurespreyider aphatimacelticaheompositiah conprising @ antibody or
antibody fragment, as described apove, irj.g m/ixtyrrefvgictytl gn[t)g]aarlnggﬁc%lrjticgellxraacc table ingredient.
The pharmat@ttds SoMpBSHON CaRCSRIpise Sither monocional antibody or'a fragfent thereof, or,
one or a plurityiehnolyctenat antibadiesar fragofents thereof. In a first aspect, there is provided a
method for producing human(ized) antibodies in a non-human animal comprising: f) introducing and

expressing a trandeenéuso psagst betoiRecaiAedipareihnshig PR ivGHE BrarmizaAeiRaticsdAdtuct
encoding a nafive hHMaR 1.9 Shbsnitipte Saidaenuman apimakiand, ) dniredisitganchexiingssing

a transgene construct encoding a human(ized) immunoglobulin locus into said n n-hun‘@# %%imal; (©

subjecting saitharérhaing da0aFHyEicaBE AT RIEARHFTS) SeBILHNG PR3 83) MhtiBBaT: Wy
animal. In ag,embodiment, hedisclasurepovsesHawibiad faiprodieispumaatizeds antibodies in a
non-human animal comprising: (a) introducing and expressing a trapsgene, conﬁ:@ct %nc?.ding %ither
a native huneaePiiRESUBURINGE H%W%%bgﬁﬁdﬂﬂ?%ﬁa?oﬁahdﬁﬁﬂé%gﬂ@ WG ShESaing ether a
native humag, Tax subuRitieschimeris igRisdplolbintg ibeagalmaibadies spardidianintbducing
and expressing a transgene construct encoding a human(ized) immunogiolaulin locus into the
non-human animal; (c) subjecting the animal to an antigenic stimulus; and (d) isolating humar(ized)

antibodies from the animal; .4 GerlaiRismbgriment . hemntispgiydscither a polyelonal or a
monoclonal antiboda‘, or Is a fragment

human(ized) antibodies m a non-human animal comprising: (a) introducing and

expressing a transgene construct encoding either a native human Iga subunit or a
chimeric Iga subunit, and/or a transgene construct encoding either 2 native human IgB
subunit or a chimeric 1gP subunit into the non-human animal; and, (b) introducing and
expressing a transgene construct encoding 2 human(ized) immunoglobulin locus into

the non-human animal; (¢) subjecting the animal to an antigenic stimulus; and (d)
isolating human(ized) antibodies from the animal. In a certain embodiment, the antibody is either
a polyclonal or a monoclonal antibody, or is a fragment

ofa polyclonal or a monoclonal antibody. Further, the antibody or antibody fragment
can either be labeled. or can be fused to a toxin to form an immunotoxin, or coupled

to a therapeutic agent, or can be fused to any heterologous amino acid sequence.
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of a polyclonal or a monoclonal antibody. Further, the antibody or antibody fragment can either be
labeled, or can be fused to a toxin to form an immunotoxin, or coupled to a therapeutic agent, or can
be fused to any heterologous amino acid sequence. In a second aspect, there is provided a
method for producing a non-human animal expressing human(ized) antibodies comprising: (a)
introducing aﬂ;d expressing a transgene conséé?ct enc%%ﬁw%a natiye humanolrgg SiHbuna!xtu %Qg/or a

trans2ene construct enco ng a native Uman g% r§1utun|t intoPthe B-ceIf ot Said non-Atman animal;

and, (bXxpntsechgeimgraandzdressingiastranspenexofstinctdncodingd txpreanfizea)tiansgenoglobulin
locus 'é“&?a'% nonnman animal, Wi‘nefc%“sﬁ%% SR I %9(%%%6 fRdUgts sompine o farm a
humanazealj -cell receptor complex. [ifan em oéllment, he disclosure provides a‘method for
produdinmgza ngh-rumant ainimahexBredéing harhaktzbdinantibodies cotp(lsingtrauntroducing and

xpressig JANSIENS LNGLENSoding N RLANRIG NIMAR SR UL A ehimeriska subuni

and/or a transgene construct encoding.: either a native human foip subunit or a chimeric lg subunit into
the B-Beihat gremdivaram tha el eidraiseinerpbinl apmterpiedsing alwarnogend donstiuct
encod}g&&@pggg}é{h@gd) immunnlobuiin locus into the non-human animal, wherein the resultant
trans2ene products combine to form human(ized). B-cell receptor comniex in one embodiment, the
non-human animal expressing humantized) antibodies is an animal that creates antibody diversity by

cone convergignadighsenatisRvespriatia nameis e embadisnenmihe aMillatc rahtit Detailed
Description of the invention Definitions . Unless defined otherwise, technical and scientific terms

used hefSitTRATEPERE KniE TRBATT) * 48 COMMTORN UHEErSTO S 1oy BTG HRETY 8Iéil in the art to
which ICGJthissinveniionbei0ddR g Sivaiek armel (. h DICH QRMEMGQRI M YWIDBh01040" ()lid Alchlechlat
131))/oga 2nd ed., J. Wiley & Sons E\I}ew York, NY | 9§4%, and V\?harc,h, ﬁ%vanced Orgcmic
C.776171D8T¢ PRLERE TH S ATRSIN Ut 1 T ASHEPSHRRHE At Ba" St W) P & sons

chimeric Igf subunit into the B-cell of the non-human animal; and, (b) introducing

and expressing a transgene construct encoding a human(ized) immunoglobulin locus

into the non-human animal; wherein the resultant transgene products combine to form

ba



New York, NY 199 21. Provide one skilled in the an with a general auide to many of the terms used in
the present application. | 5(me skilled in the art will reeoznlze many methods and materials similar or
equivalent {pdhosedesgribed herein, which could be used in the practice pf thespresenijinention.
Indeed, the present invention is in no way limited to the methods and materials described. For
purposes of the > presen t /IQ e{gtlo It@h& f glylxo"l’y'%@ ;grnkNare degn c{intggg oW, %gﬂ ntlrl%qsrlenc construct or
expression construct- a d‘eﬂne erein, re ers R'molecule Which contams thé co ing
sequence for atigastonetiramszane @ftlhtehestadmnmumﬂh appropriaterégulatbreseguences required
for temporal, cqll spegific.andiar gnbanced Sxprassion atihe tapsaenatalofiplerestithin target cells
of a non-human transgenie animal. 25"13-cells" are defined as B-lineage cells that are capable of
underdoing reatrangementsfiimmunoglormlin gene seirments and expressing immuno2lobulin 2enes
at some stage in their life cycle. These cells include, but are not limited to, early pro-B-cells, late
pro-B-cells, large pre-B-cells, small pre-H-cells, |mmature B- ceIIs mature B-cells. memory B-cells,
plasma cells, etc. -B-cell receptor (BCR) ¢oriplex’asd e, SPEfdYs to the multisubunit
i111111L111C.peceg@hition receptor expressed on B- ceIIs WhICh mcludes the following subunits: the
antigen tt42) receptor, the membrane-bound immunoulobulin (rni4), the 10 subunit and the la.c),
subunit. The B-cell rebéptor, it BOMpBHENtS; ShaNts* WO 211805 7886PEBUSZ007/077143
association with:the fivedmmunoglehulin classeshave heen dasanhbedbyn\/\ﬂ@nands\emzliwl BO 1 9(2):
449-455 (1990) Venkltaraman etal., J\Jatlfjre 352: 777-781 §1991) Herrer} etal., munologlc Res.
26(1-3): 3543 (50&)‘ I Alition thelesare Sevérar (fﬁ%é‘sé’cla{ed“ﬁ%t(ég (BAPS) tHat have been
cloned and seq&eh&ed:rbuatdhélr\iuncu&n‘ﬁs)xrem«am\Jqsﬂknm/vh and theirvolehas. c@mp@hents of the
BCR, has been, questi loned. C ssociated proteins havebeen de t. EMBO .1
15(7): 1534- 15211 806y and's ‘cﬁ?érﬁ%‘é ngtﬁat fﬁﬁif o017y 96617 %goé%%%‘}'ﬁ{a ttf/le “1go or le
subunits" refer tonaturally o€ciitting Hya oie TgP polipeptide «S@Q\uémeslmm|€h1tr¢ctluc;teinatUrally

occurring a”eleﬁ;} Q{ 199, erc‘bdrf?x the present application.

13 One skilled in the art will recognize many methods and materials similar or

equivalent to those described herein, which could be used in the pracuice of the
present invention. Indeed, the present invention is in no way limited to the methods
and materials described. For purposes of the present invention, the following terms
are defined below.

20 “A transgene construct or expression construct” as defined herein, refers to a
DNA molecule which contains the coding sequence for at least one transgene of
interest along with appropriate regulatory sequences required for temporal, cell
specific and/or enhanced expression of the transgene(s) of interest within target cells

25 “B-cells™ are defined as B-lineage cells that are capable of undergoing
rearrangement of immunoglobulin gene segments and expressing immunoglobulin
genes at some stage in their life cycle. These cells include, but are not limited to.
early pro-B-cells, late pro-B-cells, large pre-B-cells. small pre-B-cells, immature B-
cells. mature B-cells. memory B-cells. plasma cells, etc.

30 “B-cell receptor (BCR) complex™ as defined herein, refers to the multisubunit
immune recognition receptor expressed on B-cells, which includes the following
subunits: the antigen (Ag) receptor. the membrane-bound immunoglobulin (mlg). the

fga subunit and the Igf3 subunit. The B-cell receptor, 1ts components, and its



10subunits found in a given type of animal, or in a related species. These are also referred to as
"hill-length 1ga or 143 sequences". The human Igo polypeptide sequence was cloned by Elaswinkel ci

at, ImmunaggClieseodgh: 266-69 (1992) Accession number M74721 (Figp¢g h SkRQotPNO: I). The
human llIs3 polypeptide sequence was cloned by Mueller et at, Ear. I. Biochem. 22, 1621-25 (1992);

ISAccession number M80461 (Figure 2, SEQ ID NO: 7&.‘ The term "hur an'g; )" refers to an
entirely human sdé“\q%&éﬁgén6’?@5‘%%5@56@@83 éi?%‘b%ﬁ LSRR RamalT Sehadneed | FHIE S tHe term, as
used herein, includes\fiimary @ndiumanizéd Geguekcaanint ehimenostea3sQbanit o8 jprotsin, or

polvpepride refers fo.an, ¢} A0Rolypeptids segencafiam.ananimal (e g et mouse, human, rabbit
chicken, etc.), in which one or more domains of th Ig0 polypeptide are replaced with'a corresponding.
domain or domaiisifrawwa differant o Bl peptidecot notivérradiangl onspeciddywrivith a

corresponding demajn. oy domaing from.a different alieligdlaa.yersian arflopl & Varantlgo sequence

with one or more amino acid substitutions, or from a variant Iga sequence having at least 85%
sequence identifi 5P EoPe S Fitig ed main ot ke piveasgls ssedae hae dusditermis feHiteric 1go” and

"human(ized) Ige3 are used;intergbapgsably tarauahout e speeifications lospplyReRYde sequences
(SEQ ID NOs: 2-6) from some non-human animals are also defined in Figure I. 30A "chimeric 10-

subunit or protein or polyPEBIEE PERSR 1o TP Helypeptdal seererdagistaisthimal (e.g.; rat,
mouse, human, sakbitpchickenertesinwhigh-ongonmese damains Of the 143 pebeptide are replaced
with a correspondjng domain or domains from a different 143 polypeptide of another animal or
species, or With Séll&%?ﬂjés%]% IRG §OrFANRST USRS ?Fd%aarﬂﬁ?%‘%ﬁf%iﬁélig fepairsibif, or from a
variant 10 sequeseersiith enefal-leogehdmine agdaukstitytionsconuframiavasiant id& sequence having

“ohimeric Iof3- ALA TG ARTZ Ay o~ 6 LLbH Mtk ARGLARY tHFS At 1 SoaLhedon. 113
polypeptide seqiences(SEQHD NOs! B-1R)xfrem. Sdiffel Bowchumahhamionals ar@ plefipegkideFigure 2.
sequence was cloned by Mueller er al., Eur. J. Biochem. 22, 1621-25 (1992);
15 Accession number M80461 (Figure 2, SEQ ID NO: 7).
The term “human(ized)” refers to an entirely human sequence or a sequence
containing one or more human sequences. Thus, the term, as used herein, includes
human and humanized sequences.
A “chimeric Iga™ subunit or protein or polypeptide refers to an Iga
20 polypeptide sequence from an animal (e.g.; rat, mouse, human, rabbit, chicken, etc.),
in which one or more domains of the Iga polypeptide are replaced with a
corresponding domain or domains from a different Iga polypeptide of another animal
or species, or with a corresponding domain or domains from a different allelic Iga

version, or from a variant [ga sequence with one or more amino acid substitutions, or

[ R
o

from a variant Iga sequence having at least 85% sequence identity to the
corresponding domain of a given Iga sequence. The terms “chimeric Iga” and
“human(ized) [ga™ are used interchangeably throughout the specification. Iga
polypeptide sequences (SEQ ID NOs: 2-6) from some non-human animals are also
defined in Figure 1.

30 A “chimeric 1gB” subunit or protein or polypeptide refers to an Ig3
polypeptide sequence from an animal (e.g.; rat, mouse, human, rabbit, chicken, etc.),
in which one or more domains of the [gP polypeptide are replaced with a

corresponding domain or domains from a different Ig8 polypeptide of another animal

8



"Intracellular polypeptide or domain" or cytoplasmic tail" refers to that part of the polypeptide sequence
of a given membrane-bound protein or subunit that exists IDwithin the bounds of the cell. Usually, the

intracellular demaig,@Hte protein is responsible for signal transduction.  pcBy;Shtrageliytar domain
sequence” of an Igo or Igf3 subunit is meant the polypeptide sequence of the Ig.!a or 143 polypeptide,
or fragments theoregfé gpat usg;atI%/aexistxwit)hgw tp% pognds gg thae c_erl. I"Trg,rt}?ﬁm%métg’%ne domain _
sequence” of an Ig& o T213 SUbANITs TREARE the Poiiptptite degleice BFtha Ly X o I§P polypeptide,
or fragments theresfdhatrdpans: abicloditabmembrané suchhasarplasma moensitssireriorganelle
membrane, or lipid ilayer, fhes tansmembrane, domain sequence: a3 defined herein includes
naturally occurring membrane= paﬁnlng po‘]ypep Ides, or can be non-na uraff;’/ occurring 20consensus
sequences, or fragmemntsdiheréohain of Bxgravelifac polypeplitie wrdoivbinterafégd tattat pan of the
polypeptide sequenge, of 2 given memarane:haund pretain.ar syupit at Hsally gxjsts outside the
bounds of the cell. By "extracéllular domain of Iga or 1gf3" is meant the polypeptide Sequence of the
Igo or Ig polypepidie cot fiastnetitscthereaf! thafsxist sufside Weshosunbsnaftieicalls Tiee term "human(
zed) Immunoglolylin.fogus'cas used herein includes both naturally occurring sequences of a human
immunoglobulin or 12 gene“locus or a segment thereof, degenerate fonns of naturallg occurring
sequences of a human 15'GERBUBERS 'SP SalImentOwEre s, & ineiraasyrthaacsdquancey that encode

a polypeptide sequengel sphistantialiyeidentical te-a Rehpeptide encedrd PyanaturalQesHLring

sequence of a human. Ig gene locus or a segment thereof In a particular embodiment, the human Ig
gene segniént r@'ﬁ%‘é? q%?‘%%?foﬁfofﬂ inIT%BTgéufgerfBHﬁﬁ?H’lﬁ?‘fo%ﬂmﬁfﬁﬂﬁ%{ﬁ%ﬁ?lﬁégre, the terms

"human(ized) orrbupmaiitze thrimguneglietuliroflg) heavy and/or light chain locus” or "human or human(
z,,d) immunoglobulin of, Ig.Jocus" are used interchangeabl .'I;he' n "humanized) B-cell receptor
015 tracelplar d?on}ig]m sequer cg P % %&ﬂiﬂgﬁ%ﬁg%‘é ih‘ﬂi)ﬁf&‘hﬁﬁ

(BCR) complex" as used heréin refers 10 those multisuBuf he lga subunit is
either a native, hulmeepige subuniteorfahehignerid ¢Bapsiipapitdravingahuman thelkrufanizedidga

exist within the bounds of the cell.

[
wh

“Transmembrane domain sequence” of an Iga or Igf3 subunit is meant the
polypeptide sequence of the [ga or IgB polypeptide, or fragments thereof that spans a
biological membrane such as a plasma membrane, organelle membrane, or lipid
bilayer. The “transmembrane domain sequence” as defined herein includes naturally
occurring membrane-spanning polypeptides, or can be non-naturally occurring
20 consensus sequences, or fragments thereof.

“Extracellular polypeptide or domain” refers to that part of the polypeptide
sequence of a given membrane-bound protein or subunit that usually exists outside the
bounds of the cell. By “extracellular domain of Iga or IgB” is meant the polypeptide

sequence of the Iga or Igf polypeptide, or fragments thereof, that exist outside the

2
h

bounds of the cell.

The term “human(ized) immunoglobulin locus” as used herein includes both
naturally occurring sequences of a human immunoglobulin or Ig gene locus or a
segment thereof, degenerate forms of naturally occurring sequences of a human Ig
gene locus or segments thereof, as well as synthetic sequences that encode a
30 polypeptide sequence substantially identical to a polypeptide encoded by a naturally
occurring sequence of a human Ig gene locus or a segment thereof. In a particular
embodiment, the human Ig gene segment renders the immunoglobulin molecule non-

immunogenic in humans. Here, the terms “human(ized) or humanized

9



sequences as described above; and/or further, in which the IgP subunit is either a native, human IgP
subunit or a chimeric to subunit having human or humanized IgP sequences as described above; and

further, whekg dhggaigmigane-bound immunoglobulin (mitt) is that of a humaMijzeshyhmmyppglobulin, as
described above. 10The terms "human antibody" and "human immunoglobulin” are used herein to

refer to antibodies and i iﬂ,‘ I|n moI ules compri uman sequences. The terms
"humanized antiBody* Wé&h”h? i %IVVrﬁm F u‘nﬁp nas ussecg/h TR %2%“8?1 ({ffifdunoglobulin

molecule compnsnmgladbste&si azpoﬁ'gdncmf;’adnumam xmmrumaogd:ebuhn poly:peptide sequence (or a

polypeptide sequence elgceded wmanme r?mrqype% %;;\ ne se ment becﬁﬁepﬁl{mg |zed
immunoglobulin molecules of the present invention can e isolated 1 om a't ransgenic non-human

animal engineeredtosprodicethwumaiiiZecbimmisynoglobulih tnoleouesiBusk hemanized,
immunoglolulinymolgcules ate 18$s dmH’h‘ﬂﬂg?Q&Csﬁ%ﬁ’ﬂmﬁfx‘%ﬁg?ﬁﬁ%%%%’Bﬂ?@d felative to

non-humanized immunadglobulin molecules prepared from the animal or 20prepared ftom cells derived
from the animal SpfsTeRizEd IR Db Eobelitdor dntibediesihuide ilabheiiogiobutite(igs) and

antibodies that arg fwrtherdiversified firoHo bgeRs cCoPVErsion and sematic, hypemmiatignsdn gene

converting animals. Such humanized Ig or antibodies are not "human" since they are not naturally
made by human${&ficEmirfgs s rEp viversiny ihsh avsBody rapehsie Br8Ygh gene conversion)

and yet, the humﬂmz&d@g}Qﬁ@nﬂmolge&@refa%immumga%I@&um@nﬁ singestheydavebuman Ig
sequences in their structure. y the term " substantially reduced" endogenous Ig production,

and/or Era'dnd/or IgP AT M@%‘%l?ﬂﬁ RO fhe Rt thE{THE JREHR FPPrStuctivHs e BRFEF tRe

endogenous Ig aémaecoﬁladzdiﬂﬁeaﬂyi iencogeocss: Igananaéaredeexipiessionis nedueed-g0preterably at
0, 0,
least about 30%49%, more erablyatitleaa %%bout /o 79%, or even Y%E’e preferablg/dat least

about 80-89%, or most pre‘ferrlg ly B’f/]%rb 3% the Pﬁﬁéﬁ nic" ulin,™as us

20081027986PGBLIS20Q #0717 4B unoglobulin molecule comprising at least a portion of a human

immunoglobulin polypeptide sequence (or a polypeptide sequence encoded by a

15 human immunoglobulin gene segment). The humanized immunoglobulin molecules
of the present invention can be 1solated from a transgenic non-human animal
engineered to produce humanized immunoglobulin molecules. Such humanized
immunoglobulin molecules are less immunogenic to primates, especially humans,
relative to non-humanized immunoglobulin molecules prepared from the animal or

20 prepared from cells dertved from the animal. Humanized immunoglobulins or
antibodies include immunoglobulins (Igs) and antibodies that are further diversified
through gene conversion and somatic hypermutations in gene converting animals.
Such humanized Ig or antibodies are not “human” since they are not naturally made

by humans (since humans do not diversify their antibody repertoire through gene

12
LAa

conversion) and yet, the humanized Ig or antibodies are not immunogenic to humans
since they have human Ig sequences in their structure.

By the term * substantially reduced” endogenous Ig production, and/or Iga
and/or Igf subunits expression is meant that the degree of production of either the
endogenous Ig alone or additionally, endogeous Iga and/or Igf expression is reduced
30 preferably at least about 30%-49%, or more preferably at least about 50%-79%, or
even more preferably at least about 80-89%, or most preferably by about 90-100% in

the transgenic animal.

10



The term "monoclonal antibody is used to refer to an antibody molecule synthesized by a single clone
of B-cells The term "polyclonal antibody" is used to refer to a population of antibody molecules
synthesized Ry agagpiiasion of B-cells. An "immunoglobulin (1g) locus'phgViRgthg FaRECItY to
undergo gene rearrangement and gene conversion is also referred to herein as a "functional” la locus,
and the antibodies withr% edtiv%rqsi‘t enje{qtﬁd p¥ adtungtion ! Ig |$le|$ are alﬁo referred to herein as
"functional” antibodies of a "fUnctionar rapertora st antbodiess Thed thH HeSHHIMEH (fransgenic)
animal" as used$yereinimdlbdes; it is met dThimitéd to, mammals such as, for example, non-human
primates, rodents (e.g.-mice and rats), non-r t.-mammals, such as, for.example, rabhits, pigs,
sheep, goats, cows, pig@fh%lrz'%él?eéj §r§%)]8%nlgen§§g§ry1dﬁ? %d%é)ég%ﬁ%ﬁgr? ,u%ﬁ%r(ogyst,a {%?s%,}geese and
the like). The terPtpRynepArmidtes rihials aspsedohereihdnldiudes, but is not limited to, mammals other
than primates, including butpot limiteelithe mammals speifically.iSlistied apays. Retailed
Description This invention is based, at least’in part, on theé recognition that the production of human or
humanized immEFTEGRETIF {ifkdUEsRg SR dIc R refraipd Jarhersipasunis tierssgénic animal can
be significantly incr@asad iy SR183IESSINYNUMANQLBYPARIZRd aa,ancier Igihinthe.B cglls of the
animal. The inclusion of human or humanized Iga anchor Lap in the B cells in transgenic animals is
believed to recoRfSfite BrtfimHprova ifidPaRticHY Betiresh th& BeEaNTe ceptar proteis Rpdirsby
enhancing antigen recagritieon Braehdevelepmeshandswaival, REthe-Biselsicartying sueh
transgenes}.OThe].co-eg.tpressiongf hu‘r}pani%ed irrnmligoglo ulin in transgenic animals already' carrying
the human'or humanized TG ERYoT D Fandgenad Folid VASH il prave: AaMARIZed iTfunoglobulin
production. It wowldirbe jadditionaily desinable tockxprésschothy theahbimapi g, bwaanized, lga and/or 10
transgene and the humanized immunoglobulin trans ene a inst a kngckout 30background of,
preferably, both C§r‘;§j§é %ﬁoﬁ%iés %%gvlég as en grg(}elhagbu 3 "agglncr}ffélrsl T4 Mhe -‘”cgesl’l %%ngp‘i”é}:]d its
associated proteinslikrhelBecelnmeoeptoriconsistsief e nHsdng ko unduidasntimog loduilim adie,

mammals other than primates, including but not limited to the mammals specifically

listed above.

fe—
N

Detailed Description

This invention is based, at least in part, on the recognition that the production
of human or humanized immunoglobulin (including immunoglobulin chains) in a
20 non-human transgenic animal can be significantly increased by co-expressing human
or humanized Igo and/or [gf in the B cells of the animal. The inclusion of human or
humanized Igo and/or Igf in the B cells in transgenic animals is believed to
reconstitute and improve interactions between the B-cell receptor proteins, thereby

enhancing antigen recognition, B-cell development and survival. of the B cells

o
Lh

carrying such transgenes. The co-expression of humanized immunoglobulin in
transgenic animals already carrying the human or humanized Iga and/or Igp
transgenes would vastly improve humanized immunoglobulin production. It would
be additionally desirable to express both, the human or humanized Iga. and/or Igf
transgene and the humanized immunoglobulin transgene against a knockout

30 background of, preferably, both endogenous Ig, as well as endogenous Iga and/or Igf.

The B-cell receptor and its assoclated proteins




signal-transdueing heterodimer, consisting of two disulfide-linked glyoproteins called Iva and Igi. In
addition, BCR associated proteins (BAPO have been described. Expression of the BCR is

important foxByegikaemgippment, selection and survival. These processesepesd@n Bl signaling
through the Igailg,P heterodimer The c?aoplasmic domains of these molecules carry a sequence

motif that contains sevgﬁﬂa ine reS|dues a§se bled%lnto the so-called gjn ﬂnore%eptor
tyrosine-based activati f;? TANI Which &re ABHYISNEY TRBHBERHEYEHNY. Gene
targeting experirients thave showin:thatihecytoplasmio tdemaiizs] ﬁﬁéhlenl%gaoﬂ;ﬁ;ﬁaxhﬁemdimer are

crucial for B-cell develé)[i)rgeqt Sdlgnals %ﬁfduced b the . @S glme are | nvol}?%g in both positive

and negative se egtlon of deve Opll’tllé) A0 BlSHAR MmEHbg oL (mlg) molecule

consists of two heavy dhams;fmmﬁm@e@ﬁﬁnodxmmaanm\ﬂechgrﬁeahmpmﬁea@h |aftivhighds covalently

bound 15 tog 0110 of the chains. tthe N t ust hain car a VH domain, which,
depending 6n the |§8’t§/pe?%? o%gscf% e]i)t% ?Wﬁf@? ]§°(I gh %‘orf{ié Sl%eagorlﬁ%ms The
antigen-binding $ite ¢Stfmm@d<b§imhelmpfeﬂvaﬁab¢éepsgﬂanmfaSVd;’dlé\ﬁlgepawﬂ'huswaahlmlg molecule
has two antigen inding,sites. IemoNmoleeyle Al nam e sageted [ A danii that the

secreted 20IgM forms a pentamer with 10 potential antigen binding sites. The pentamerization is
controlled by sedtierices mane(d-fevmindliparropiiverberrbted wsoeH3R Thiggg; consisting of 22

amino acids, is absentn.the.membransshound RRLhaIRWhich Instead.caries 48 -terminal amino

acids encoded by the MI and M2 exons. The pm- speC|f|c part of the sequence is the most

evolutionarify coselse8SHROPH S RIBIS T AN Frstdcdiss Rng rlary daenticarBettkln Wouse, rabbit

and human mitiNi; ang tbe.canservation is\etli obyiays ifane.compares RUseWIth shark migNil.
Conservation of amino acids is also apparent when one compares the C-terminal sequence of migNil

to that of other !Hig ﬁé‘%ﬁ@%p £Bfthe mouse. This finding provides evidence that the conserved
transmembrane amino/aeids aren interactingeithet withr3eeashotbear incthei &4 ¢hain hemedimer or
with the Igo. an% Iquéuf%lrjmmo a homodimer, and two light chains, each of which is covalently bound
15 toone of the heavy chains. At the N-terminus the heavy chain carries a VH domain,
which, depending on the isotype, is followed by either 4 (IgM, IgE), 3 (IgG, IgA) or 2
(IgD) C-domains. The antigen-binding site is formed by the hypervariable regions of
a VH:VL pair. Thus, each mlg molecule has two antigen binding sites.
The mIgM molecule differs from the secreted form of [gM in that the secreted
20 [gM forms a pentamer with 10 potential antigen binding sites. The pentamerization is
controlled by sequences in the C-terminal part of the secreted us chain. This part,
consisting of 22 amino acids, is absent in the membrane-bound pm chain, which
instead carries 48 C-terminal amino acids encoded by the M1 and M2 exons.
The pm-specific part of the sequence is the most evolutionarily conserved part
25 of'the whole 1¢gM molecule. It is nearly identical between mouse, rabbit and human
mlgM, and the conservation is still obvious if one compares mouse with shark mIgM.
Conservation of amino acids is also apparent when one compares the C-terminal
sequence of mIgM to that of other mlg isotypes of the mouse. This finding provides

evidence that the conserved transmembrane amino acids are interacting either with

L
<

each other in the H chain homodimer or with the Iga and IgP subunits.

Both, Igo and Igf have a 22 amino acid transmembrane segment, followed by
a C-terminal cytoplasmic tail of about 40-70 amino acids, which contain several
tyrosine residues. At the N-terminus, both proteins carry a leader peptide, followed

12



Both. Igo. and Igo have a 22 amino acid transmembrane segment, followed by C-terminal cytoplasmic
tail of about 40-70 amino acids, which contain several tyrosine residues. At the N-terminus, both
proteins cany @ ieaderarptide, followed bv a extracellular domain containtiag /cgsteine residues, a try
7tophan, as well as several other conserved amino acids found in proteins of the Ig superfamily. This
suggests that the, exracellylar parts of both, 102, and 10, subunits form.an lg:ike donain. Besides
cvsteines that form mica-domain disultide bonds, the fga an&lid’S s@cﬁJe%ces contain additional
eysteines that prestnaiaihgfonms inted-ghmain disdifiderdondsdetwed ththk lgpeaiachil21 31sisbunits. A
comparison between th se and the human lga seguence shows that all resiques important for the
infor?nation of the 17 %?H%%ng? E%lrr‘% éatp-laﬁié'nd %ﬁdsOaFe%%ﬁg(e?rl\? d \%ﬁ)e%wgseﬁ?ﬁea?géil die two species.
1[he comparisorohoweveesidisocshiewmsskbthairse quendenconsisviiierbimthelextracetdlarpart only
amounts 1o bout 26%, while the yansmembrane.and eyioplasmic tal show.eonservption of 100%6 and
87%, respeCtiveTfﬁWéﬁaﬁgr FETIECts the mportance of the resuﬁheos within the E-terminal part of the
molecule. The asseinblyvofdhenmighhmbleguléwitls.the Iga/lgl heterodimer is 1 5necessary for surface
expression of migM. Tlgjs requirement can be abolished by mutatiops of the transmembrane part of the
tun chain. For example, F@bﬁ%@gﬁ?én ORI Wﬁﬁé?ﬁ%%t%ﬁ‘/‘ GRS RRIBR BRATY tuiH 1!
transmembranerpdatief the dtt2KKombleetilemesults inhth g slutface axpressiomof talgMairdependent of
igangfi. These data de'rp(f)nlstrgte tlﬁatktrhe %tg[t% transmembrape region is required for’?rgecificy
20interactions BERVESRARE BRTEHSINENY tHE IAaHER Petcrotirer P SO e SRORAVE S control
mechanismathat prexeptsiteanspert af singleoeinaosipletelyrassembiled compene s of while
transmembranetggc%tein complex out of the ER. Althg}gag the tranar(g}eg}gt?%% dr%%rggg}s of the BCR arc

probably the most ransmembrane and cytoplasmic tail conserva o,
respectively. The latter reflects the importance of the residues within the C-terminal
part of the molecule.

The assembly of the mIgM molecule with the TgavIgp heterodimer is
15 necessary for surface expression of mlgM. This requirement can be abolished by
mutations of the transmembrane part of the um chain. For example, replacement of
the transmembrane region of the pm chain with the transmembrane part of the H-2K"
molecule results in the surface expression of migM independent of Iga/IgB. These
data demonstrate that the um transmembrane region is required for specific
20 interactions between the pm chain and the Iga/1gP heterodimer. In addition, B-cells
have a control mechanism that prevents transport of single or incompletely assembled
components of transmembrane protein complex out of the ER.
Although the transmembrane portions of the BCR are probably the most

important structures that are required for the formation of the BCR complex, the

2]
i

extracellular Ig-domain of Iga and Igp has also been suggested to play a role in the
binding of the mlgM molecule. For instance, in the mouse cell line J358Lum, which
does not express mouse Iga, transfection with an Iga transgene restored the surface
expression of mlgM . Interestingly, transfection with a mouse Iga gene resulted in
10-times higher expression than transfection with a human lga gene. This data

30 suggests that the extracellular domain of lgo, additionally, may interact with the
extracellular parts of mIgM. On the other hand, transgenic mice with human

immunoglobulin loci do express human immunoglobulins. It remains unclear
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important structures that are required for the formation of the BCR complex, the extracellular
Ig-domain of Iga and hip has also been suggested to play a role in the binding of the migM molecule.
For instancewi thsesige cell line 155814fm, which does not express mopise{gaqdfansfestion with an
Igct transgene restored the surface expression of mlaM . Interestingly, transfection with a mouse Iga
gene resulted in 10-times higher expression than transfection with a human Iga gene. This data
30suggests thatthg' %ft%&éﬁuﬁﬁ?ﬂ%?ﬁéﬁ?\t*o}? 153! %\‘Hﬁﬂﬁ%%ﬂIi/‘f‘?‘i?ﬁf/“iﬁt@?é‘é‘f%ﬁ&%ﬁ% gﬁﬁ%é’ﬂular parts of
mlIgM. On the othershand nisansgen cmiceswith: liuse anf sy oglolulin deside @xpressiabman
immunoglobuiing It remains unclear WO 2 984/02,798}6PC,17,11(?20 /077143 whether B-cell
development,ceffggu?@' val ?’8%?6%3% SF RURER T2 Y RITYNT 1A BEN4gERE non-human animals would
be inhlLienced by the ¢a-exfiressioaroh:ryvandgoC anaiarchisdandgidsinEBrEeliseattyingdauman(ized)

migN genes. In,addition, there arg sevaral ReR-assodiated proteins (BABS) that figye been cloned
and sequen"ced,L Ut thei function S) remain un NOWN. I‘::C\I/edﬁrihoulg% these proteins are associated with
the BCR, their rote;asscompoenentsiofthe B CR Rhds:beelr quastiomedn¥et| the BORjUitsusexpression
and strong evolyfianary. corsgryation gf BAPS suagest Ialingy mustelax animeariantigle. possibly
in general celluldr processes and several putative functions have been proposed. For example, these
ICproteins may Bé livolyettimhebiisting ue BCR tonivsteyloske ktomblringsonteolintyesicular
transport. Lastly, it has.besn arepgserkthat theyi fuosion as chansioneshelpingin thefolding and

assembly of transmembrane proteins. Relevant Literature 1SThe B-cell receptor, its components, and
its association VATAEHE fivey be involved in coupling the BCR to the cytoskeleton, or in controlling

vesicular transport. Lastly, it has been proposed that they function as chaperones,

helping in the folding and assembly of transmembrane proteins.

Relevant Literature

—
h

The B-cell receptor, its components, and its association with the five
immunoglobulin classes have been described by Wienands er al., EMBO J. 9(2): 449-
455 (1990), Venkitaraman ef al., Nature 352: 777-781 (1991), Herren er al.,
Immunologic Res. 26(1-3): 35-43 (2002). BCR associated proteins have been
described by Adachi eral, EMBO J 15(7). 1534-1541 (1996} and Schamel er al.,

20 PNAS 100(17): 9861-9866 (2003). The mtluence of the B-cell receptor on B-cell
development and survival has been described by Reth, Annual Reviews of
Immunology 10: 97-121 (1992), Kraus er al., Cell 117(6): 787-800 (2004), Sayegh et
al., Immunological Reviews 175: 187-200 (2000), Reichlin er al, Journal of
Experimental Medicine 193(1): 13-23 (2001), Pike et al., Journal of Immunology 172:

25 2210-2218 (2004), Pelanda er al., Journal of Immunology 169: 865-872 (2002).

Regulation of BCR signaling and its influence in B-cell development and apoptosis

have been described in Cronin er al., J. Immunology 161: 252-259 (1998), Muller er

al., PNAS 97 (15): 8451-8454 (2000), Cragg et al., Blood 100: 3068-3076 (2002),

Wang et al.. J. Immunology 171: 6381-6388 (2003}, Fuentes-Panana er al., J.

,,,,,

are incorporated herein by reference in their entirety.



immunoglobulin classes have been described by Wienands or at, EMBO1 9(2): 449- 455 (1990),
Venkitaraman or at. Nature 352: 777-781 (1991), Herren etal.. Immunologic Res. 26(1-3): 35-43
(2002). BCRyasspgigesproteins have been described by Adachi eral., ENBRuL a6/0)57143
1534-1541(1996) and Sehamel etal., 20PNAS 100(17): 9861-9866 (2003). The influence of the B-cell
receptor on B-cell deveiL gment and}su,r.vivayll has been described b Re}h"4nnual Reviews of o
Immunology 10: 97-12 % BE2F KPR &R e 1% gﬁ%‘%ﬁ@é@@ §r SayegH Bt Eimmunolodicai
Reviews 175: 180300 i2Q00)o Reichlinetal i daumal of IE)&I@BEi,;ﬁm‘&Iall%@di@@@@ﬁl)?ﬁi?ﬁ@@ooll),
Pike et al.. Journal of IM177141701Qgy. 172: 2710-2218 (2004), Pelanda or at. Journal of Immunology
169: 865-872 (2%62?.‘“??%*&6% i5h 5P %YF?%Fgﬁ‘é’ﬁ%%ﬁi‘&%‘ﬁﬁlﬂﬁéﬂt@HP%@XéﬁP&éR?éfl%thiBHFaﬁd
apoptosis have Beerildesdribied indGromingenatadniaimunglagyf 16ih 252:209(1098) nMuller et PNI-1S
97 (15): 8451-8454 (2000), Cr or.al., Blopd 100: 3068-3076 (2002 : immunology 171:
638(1-62388 (20045‘)” léh (re)r'isa- 5555%158#61&% .dofmcrhﬁn% ts)’gs')?iepdfgf 455q /é’zsk’%?)’g}?’?ﬁsea&éclosures of
the above cited deférenced’lare incerporated: hpwenab) g efengiocesir theisenfirkey [AEr 20,
027980PC 1 JUBRADIRL g3 9ic1as SHOGRLESER! IMEEORIIIEIONS 8 Alealed Io methods for
co-expressing human(ized)'lga and/or uman(ized) g3 in B-ceﬁs, particularly in transgénic animals
that are capable®@Eprdeindrigeal tivisrsifider merhaiz edivantidoyard pertoireto impidvdiBs cell survival in
such transgenicgRjmalsniyRes sfanmals inglude.larggraephuman animals like rabbits, birds,

chickens, sheep, goats, cows, swine, horses and donkeys. When these animals express an Ig
translocus, Because of tRefFEargler Sis@rehdll BNEROY Villtrs SHORIGAMS e orattets Thersdings

invention aims at,qreating Harger faunderanimals prasucing inighsr amauants hymantzed)
immunoglobulins through enhanced B-cell development and survival. liiAccordingly, the present

invention is diretBsa48 #ri STERE CorSHHIRIE RESHHTE hiifigkgth HUrRATEa S RIS RsaIPehtides, or,
chimeric transgand«anstiueiseneding for chimeric or humanized Ig,ct and chimeric or humanized
Igp polypeptides, as degi}matd further below

ransgene or transgene construct encoding the human Iga and/or Igf
15 polypeptide” is meant the native, full length, human Igo and/or [g DNA sequence
respectively, as well as any variant, codon optimized DNA sequence which encodes
for a functionally equivalent polypeptide of Iga or IgB, but which has a different DNA
sequence based on codon degeneracy. This concept is discussed in detail further
below. The native, full length, human Iga polypeptide sequence is defined in SEQ ID
20 NO: 1 (Figure 1). The native, full length, human Igf polypeptide sequence is defined
in SEQ ID NO: 7 (Figure 1).
Also referred to herein is "nucleic acid molecule or transgene or transgene
construct encoding the chimeric or human(ized) Iga”. A “chimeric Iga™ subunit or

protein or polypeptide refers to an Iga polypeptide sequence from an animal (e.g.; rat,

2
i

mouse, human, rabbit, chicken, etc.), in which one or more domains of the Iga
polypeptide are replaced with a corresponding domain or domains from a different
lga polypeptide of another animal or species, or with a corresponding domain or
domains from a different allelic Iga version, or from a variant [ga sequence with one
or more amino acid substitutions, or from a variant Iga sequence having at least 85%
30 sequence identity to the corresponding domain of a given Iga sequence. The terms
“chimeric Iga™ and “human(ized) Iga” are used interchangeably throughout the
specification. The non-human Iga polypeptide sequences from which the intracellular

and/or the transmembrane domain sequences can be obtained, for example, include,

15



By "transgene or trans,gene construct encoding the human Iga and/or 143 15polypeptide” is meant the
native, full length, human LIU and/or 1g3 DNA sequence respectively, as well as any variant, codon
optimized DNA seaushsg Which encodes for a functionally equivalent polypeptids @fige, o5 1.9f3, but
which has a different DNA sequence based on cation degeneracy. This concept is discussed in detalil
further below. The native, full‘len%;th human Iga poly thide sequence is definﬁed in SEQ ID 20NC): |
(Figure 1). Fhe riAfive Bl BHGth hasRe @@g%é@ Sptice BEgiencE s etk d In“gEes ID5O: 7
(Figure ). AispneferregtadieredEs [pucieic peid salcEulermNIraBsgene of transgans construct
encoding the chimeric or human(ized) iga". A "chimeric Iga" subunit or protein or polypeptide refers to
an lga polypeptiaequ%rbcﬁé’nce from an animal (e.g.; rat, mouse, human, rabbit, chicken, etc.), in which
one or more domains of thertgapolypeptide areudplaced with-autocresponeirg domairar domains
from a different Iga polypeptide of angther animal or speci r wjth a.correspgnding domain or
domains front a gl)ﬁé%rrél%f%rf)f&%énfgtgevce}rlsr}}gﬁI,LoOrr rom a l%.erljr?l%%b éetfﬁé%%réc\?/gt% osﬁlr(%e)qbnr”rﬁ)ére amino
acid substitutions;aorifronpal vesianieledse quenteBhaving mideas) 85% 80sequenceaiderntitydo the
corresponding damialn ol AglveRdaARRUENGe. TSRS CUimerie [ag A Aimap(ized) lgat are
used interchangeably throughout the specification. The non-human lga poﬁypeptl e sequences from
which the intrac@yaerir/erthertrapsmiembraresdondais degaenvedossmnsdrobtaidda:for example,
include, WO 209@&%;&&9%@3#4%@%(% dAdbyLare wﬂlgumggommﬁﬁ@&) NO; 2);
murine (SEQ ID NO: 3); canine (SEQ ID NO: 4); primate ((SEC) 11) NO: 5); rabbit (SD) ID NO: 6) or
other non-RimaAc¥eieHess? diffepgaiprhstas et to Herain T am 8|8 gl def sresans oriFasgene or
transgene constpaehsacedinghe ahisnaricrs, burmaMized) 44 3 pA- ghinaets.kr subraik @spyotein or
polypeptide refers to an IgP potypeptide sequence from an animal (e.g.; rat, mouse, human, rabbit,

chicken, etc.), ir* K DI B ErE T ORHEIHY b et A8 5 péptide! é?%b?&&%d%ﬁﬁ%%rresponding
domain or domatosifierna giffesentighpelyrentige ot anethet-animat o5 SpRGIESh QI Wth a

corresponding domajn or . ‘ :
P 9 spem!)cat]on. The non-human Igf3 polypeptide sequences from which the intracellular

15 and/or the transmembrane domain sequences can be obtained, for example, include,
but are not limited to, canine (SEQ 1D NO: 8); rat (SEQ ID NO: 9); bovine (SEQ ID
NO: 10); murine (SEQ ID NO: 11); chicken (SEQ ID NO: 12); or other non-human
sequences.
Thus, briefly, a chimeric Iga or Igf transgene consists of 1) a nucleotide
20 sequence encoding the extracellular domain of the human Iga or Igp respectively, and
2) a nucleotide sequence encoding the transmembrane and the intracellular domain of
the Iga or Igp from the host transgenic animal, respectively.
In a further aspect, the present invention is also directed to transgenic

constructs encoding for a human(ized) immunoglobulins or locii as described in a

[ 2]
(53

previously filed U.S. applications, now available as U.S. Publication No. 2003-
0017534, published January 23, 2003 and U.S. Publication No. 2006-0026696,
published February 2, 2006, the disclosures of which is hereby incorporated by
reference in their entirety. The transgenic animals, B-cells or cell lines generated
thereof, and the relevant methodologies disclosed therein also form an aspect of this
30 invention,

In an alternative approach to the above mentioned aspect, the present
invention 1s also directed to transgenic constructs encoding for human(ized)

immunoglobulin or Ig chain or loci, as described in U.S. Patent No. 3,545,806, issued
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10domains from a different alleli igp version, or from a variant To sequence with one or more amino
acid substitutions, or from a variant IgP sequence having at least 85% sequence identity to the

correspondiggndamainafa given 143 sequence. The terms "chimeric figt apgthymgyiized) igp” are
used interchangeably throughout the specification. "'The non-human 143 polypeptide sequences from

which the intracellular and/or the transmembrane domain sequences can be obtained, for example,
include, but are NOENMIEdTY CanFETSES D NOU8) GRS D NE° 8)9dovinE {SEQYD NO: 10);
murine (SEQ ID @9 Jii2 schieken(CHESQ |DoblQ. 4 2R 0EmtNer NoRilumanssequances. Jiugs obriefly, a
chimeric I a or 143 { ne consists 9f 1) a hucleotide 20 sequence. e ing the extracellular
domain of the h&%@%gﬁl%fagpeéﬁécgv@léf/ﬁﬁqgﬁﬁjé&ﬁ e9 s ’gnTgég '(ejtu‘b%rdﬁ the
transmembrane aktithésintnaceliilas tomiainsef thieclgw oy 443, fromethé:liogt srarssgeisie, &imal,

respectively.. In af, rtQ pect, the present invention is al irected to transgenic constructs
encoding fof a hUrrblucl;m %%‘%S)qr%}gr(ﬁ?loﬁéb% ﬁ?ihté%lrﬁlgc#é’s “d'éﬁr?%éi%ma:ﬁ%ﬁ%%@agireae Ug
applications, nowauailablé as U. B 3publlisdtioneNg.. 2008:001 7684 plaglistededaniiarys23,72003 and

US. Publication;o, 2006:002669..publisfied. Fetyuany 2, 2096, fheglisclasres, ophich is hereby

incorporated by reference in their entirety. The transgenic anlmals:. B-cells or cell lines generated
thereof, and the/refeatit heth6aoldgies tiseldsed eersinnatsa/ formaragpdevaictiis/3Gitention.

Inan altemativea,%@pgfemvsegn@L@m\{@J@@pﬁigns%sm%c#@)wﬁ%%@téax?ﬂm ipalso directed to
transgenic constructs encodin%for hurnan(jzed) immunoglobulin or 1g chain or loci, as described in

U.S. Patent™No. 835458060 isstied 'nbgasYy 1596 Ul dpaterie e s U5 8e7tisstetM August 1996 and
U.S. Patent No.5:h62:82%nissuedhQetahar k996t on RatentNeo 7 efkiR4dbiissHed June 20, 2006; or
in per Publication l\égjs ?Z{VQ 92/03918 \g/o 02/12437, and in U.S, Patent Nos. 5,814,318, and
5,570,429; also L6 IARGBEVIEL StEPIOT NS ALHED Bt P80 9t 28K 111893): Jakobovits el al..
Nature, 362: 255 (1993)h Briuggemans etaigdearninkfincmans! be/ind3{1993)iPuschkeals Journal of
Immunological Mgthod%215; 2r- 31 %819118%@@%9%@% ley'}t.grlb,mNaéggc 3 8} 35(0)1-62i %%8%}: Loonberg et al,
Int. Rey Itntnundi™ 1501) 65-0% (198 and Bridgeniann Bla e o SRR BHSISLAROS 8 455-8
(1997); andisKuroiwk@ttednsNature Biotechn20(8)1:88D=804 1(2002) theib-Odisclasiwesofankieh is hereby
incorporated by referenge. in their entirety. The
In one embodiment, the human Iga and/or g gene, is preferably expressed in
the B-cells of the transgenic animal by means of an immune-specific promoter,
preferably a B-cell specific promoter. This human Iga or IgpB gene expression
20 happens preferably within B-cells alone, leading to enhanced B-cell development and
survival of the non-human transgenic animal. By “B-cell specific promoter” is meant
the promoter/enhancers sequence of any B-cell specific genes, and/or variants or
engineered portions thereof, that normally controls the expression of genes expressed
in a B-cell, examples of which include, but are not limited to, promoters/enhancers of
25 CDI9,CD20, CD21, CD22, CD23, CD24, CD40, CD72, Blimp-1, CD79b (also
known as B29 or Ig beta), mb-1 (also known as Ig alpha), tyrosine kinase blk, VpreB,
immunoglobulin heavy chain, immunoglobulin kappa light chain, immunoglobulin

lambda-light chain, immunoglobulin J-chain, etc. In a preferred embodiment, the

CD79a, CD79b, or kappa light chain promoter/enhancer drives the B-cell specific

tad
<

expression of the human Igo and/or Igf genes.
In yet another embodiment, the transgene construct comprising the nucleic
acid molecule encoding the human Iga and/or IgB genes is coexpressed with the

transgene construct comprising an exogenous immunoglobulin or immunoglobulin

17



transgenic animals, B-cells or cell lines generated thereof, and the relevant methodologies disclosed
therein also form an aspect of this invention. The transgenes or transgene constructs may be
introduced infg thgsaphgl's genome by a variety of techniques including npigfgiRiagtian-Qf pronuelei,
transfection, nuclear transfer cloning, sperm-mediated gene transfer, testis-mediated gene transfer,
and the like. In one embodiment, the human 1ga and/or 1gl3 gene, is preferably expressed in the
B-cells of the tranSGBHie SATREI5y Frkand S aRTHINIRE ﬁé’%ﬁi@%}é W@?B?i?é?ﬁﬁ?dat@-cell specific
promoter. This human [kga:ed/20IgpnaBxpression ¢ Phappens prafarbhywithin Bxgelsrigne, leading
to enhanced B-cell development and survival of the non-human trans en]ic animal. %vj "B-cell specific
promoter” is meé%ctt%é)rp?or%%y‘oaterlfztﬁrﬁgn%‘é?%:égﬁcuee‘\ E%bsdf)%ﬁfl -%elf%p§0|ﬁ%eé§ﬁ%es,t sk variants or
engineered portionsghereofptiatamormally canthelsithelexpléssidre abgénesexpresseadin a B-cell,
examples of which in¢lu are not limited romoters/enhancers of CD] 9, CD20, CD21, CD22,
CD23F,JCD2%, Calgldlfl(l)l, ﬁéeb%?e%r %lllﬁrﬁp%ﬁn%bn% §r(sa%%%gf2§%nv3h as B29 or 1g beta), mb-1 (also known as 1g

alpha), tyrosine kinaselbi¢ovptaRe imthuhogiotsalintheanyehaiihinhmomoldoeatiatkappa light chain,

mmunoglobuiinJambdot A, Mmueslohy

iR J-chain, £te, In.a preferred embodiment, the
CD79a, CD79b. or kappa light chain promoter/e éz?ncrezrlg?ﬁlxg%s tﬁer%-ce]ﬁ}spé?:ff?c%@expression of the

human Igo and/@qug@éifbsf.quéqsah@méé@rﬁbdb@rﬁé&ﬁﬁp@h@l’ra_ﬁégrmfmn@d@cmolmm@idg the
nucleic acid molacyle encading the @W%l%&%%dﬁe&%ﬂﬁ%'§o%9&¥s%@eﬁﬁﬁ%‘é’ém the transgene

construct comprising an exogenous unimmoglobulin or immunoglobulin WO 2008/027986
'7986PCDUS 2000 TTIAS i fekainnednsgenal fotusidhhi eribodirtens, batisthentg thensgene locus

and the human igy.aod/ek,fg3 tﬁ‘i@%%&q1[1?%%9%%?@5@‘1}&'&5%i%am%éaéﬁ%%@iﬁlﬁi‘ﬁ@xﬁﬁﬂ vector or
on two different transgenie expression vectors. In the latter case, the two transg,enic expression

vectors may be tHodEcBY iStBYNEHER HurtaR <Y ehRCAh rRabeiRE P S0 thE EHAE Hiffe or

sequentially. By allowing for the degeneracy of the genetic code, the invention
encompasses sequences that have at least about 70%, more usually about 80 to 85%,
preferably at least about 90% and most preferably about 95% sequence identity to the
extracellular polypeptide sequence of human Iga and human Igf.
The term biologically functional equivalent is well understood in the art and is
further defined in detail herein. Accordingly, sequences that have between about 70%
and about 80%: or more preferably, between about 81% and about 90%; or even more
20 preferably, between about 91% and about 99% identical at the amino acid level are
considered functionally equivalent to human Iga and IgB, provided the biological
activity of the proteins is maintained.
The term functionally equivalent codon is used herein to refer to codons that

encode the same amino acid, such as the six codons for arginine or serine, and also

28]
wh

refers to codons that encode biologically equivalent amino acids.

The following is a discussion based upon changing of the amino acids of a
protein to create an equivalent, or even an improved, second-generation molecule.
For example, certain amino acids may be substituted for other amino acids in a
protein structure without appreciable loss of interactive binding capacity with
30 structures such as, for example, antigen-binding regions of antibodies or binding sites
on substrate molecules. Since it is the interactive capacity and nature of a protein that
defines that protein's biological functional activity, certain amino acid substitutions

can be made 1n a protein sequence, and in its underlying DNA coding sequence, and
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In accordance with this invention, variants of the human full length or extracellular domain alone, of Iga
or 1,2,13 are included herein. By this is meant nucleic acid sequences that allow for the degeneracy of
the genetic gpgessiusifigsacid sequences that encode for a polvpeptide segpeRceiIalcemprises
amino acid 10substitutions of functionally equivalent residues and/or mutations that enhance the
functionality of the extracellular domain. "Functionality of the extracellular domain” includes, but is not
limited to, formafior O A BTRCCHPRPI¥ SEYIgHAT (AN SERTEBRS 1 B 4 SRR IHE Welfsneracy of the
genetic code, thairventiohencoipasses seguencasdhat havenal leagi-abaut{ 7%es Moeusually about
80 to 85%, preferab‘ley.aue?st ak%ct) t.90% and p10§tt5)refe(aplyla,bo t 95% ds#equefnce identity to the
extracellular polflﬁ%rpﬁldle gecc)fuseoncektl)lf iumal gténalrrd ST0101 PV At 810 eerr%biologically functional
equivalent is well understoekling theharbanddstfiirtheragefineditetetaihhereindAccordingly sequences
that have between ahout,70% and t 80%; or more, preferabl .§et een abaut 81% and about
00%. o even o BT T A e R S i acid ever
are considered forctionalliepgivdlentio hunmancign angelgtdprovided teniiol ogicklvacvity of the
proteins is maintgingde 1952The termfinstionally-eauivalentirgrenis Hagd herein e rgfer to codons
that encode the same amino acid, such as the six codons for arginine or serine, and also 75refers to
codons that enctsde BiBlogitaty eftirrsEkantinecasris! the rTHEWSNBISH ISR disEUSEBN based upon

changing of the amine acidsof @ipratetnde.create an auiMalent, RL aveR A INPWLYethes,
second-generation molecule. For example, certain amino acids may be substituted for other amino

acids in a pPoteitP BRI rESRIMBT RpptetmbedissBl fitertiV @ bliHding capacity with $0structures
such as, for example, andigens-hintding sagions efanitbadias arbinging Isieson suhatrate polecules.
Since it is the interactive capacity and nature of a protein that defines that protein's biological
fanctional actvity CEfH STHING BLIE ROBSHIRGHE A B bl th S brom L IBHEE G it
underlying DNAleodingysedirence sanec theverthelassreduce: e grdteirowlih dikepropertigs. It is thus

contemplated by- tohefinvec?éovr&yka\t varﬁgh{%ghgpges ma)%be made igqthe DNA sequences of genes

: .S ooverne Aro . s adjacent amino acids, correlates w
without appreciable loss of their bloﬁog?ca ut?ﬁty or activity, as disctssed beldw:

15 biological property of the protein. As detailed in U.S. Pat. No. 4,554,101, the
following hydrophilicity values have been assigned to amino acid residues: arginine
(+3.0); lysine (+3.0); aspartate (+3.0.+-.1); glutamate (+3.0.+-.1); serine (+0.3);
asparagine (+0.2) glutamine (+0.2); glvcine (0); threonine (-0.4); proline (-0.5.+-.1});
alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine

20 (-1.8); 1soleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4).

It 1s understood that an amino acid can be substituted for another having a
similar hydrophilicity value and still produce a biologically equivalent and
immunologically equivalent protein. In such changes, the substitution of amino acids

whose hydrophilicity values are within .+-.2 is preferred, those that are within .+-.1

b2
41

are particularly preferred, and those within .+-.0.5 are even more particularly
preferred.

As outlined herein, amino acid substitutions generally are based on the relative
similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions
30 that take into consideration the various foregoing characteristics are well known to
those of skill in the art and include: arginine and lysine; glutamate and aspartate;

serine and threonine: glutamine and asparagine; and valine, leucine and isoleucine.



In making such changes, the hydropathic index of amino acids may also be considered. The
impor.ance of the hydropathic amino acid index in conferring interactive biologic function on a protein
is generally ylessteshég the art (Kyle & Doolittle, 1982). It is accepted that-the Jalqtiye; hydropathic
character of the amino acid contributes to the secondary structure of the resultant protein, which in
turn defines the interaction of the protein with other molecules, for example, enzymes, 10substrates,
receptors, DNA, antibodRShgrtigeAE mend ieiaereraraiioniah nelineriidto 6 4 &rcthisat the
substitution of likevamino iachds:canie pnade effectively orthedasipodhydraphiligiise &8 Pat. No.

4,554,101, mcortri)lgrated.hel’eln bQ’ [}E]f'ference, stat§s that the grﬁﬁgségol%%jgvte}s%v% E}égro hilicity of a

. U mimig eigments orotein secongary structurs s 1 .
protein, as govertied by the RYHrophificty 6 its Adjacent amino acids! correla pidfogical

property of the proteinlcAsidetailed:ie bf. SePidt Nonetj554, 101 (lihedplidwingkhydraphitieityhvalues have
been assigned tg amina acid residues: arginine (-3.0)..lysine (+3.0), aspartate (-r3.0-.1)° glutamate
(3.0 1) ser e e R e e
alanine (-0.5); hist'rdm@((n@,S)r,beS‘témee(@i?@f),ibﬂéﬂﬁoﬁmig@.(’a)% \waﬁﬁée(fni.@)ztieuﬁ:m@@(dlt@); .
isoleucine (-1.8), bisine 2, RDRIMAIRNIAG (2 h SRIDBNAD cou !t FUNARTIARA LAY A amino
acid can be substituted for another having a similar hydrophilicity value and still produce & biologically
equivalent and @mmlw@w}yl@qmwéh&hsmmph% %@hﬂéﬁéﬁ@é@,tm@guwgtiﬁﬁﬁ@mqf amino acids
whose hydrophilicity,yaliies e athinispreferec Hose fiabaie-mitin dinkqate Retigilerly
preferred, and those within .+-.0.5 are even more particularly prelmed. As outlined herein, amino
acid substit@tionvét@@ﬁémwr@b%@wﬁtﬂﬁétr@iaﬂve similarity of the amino acid side-chain
subsntuents, for exampig, dhejr; iydronBRDICIlY; ydrephiligityn R as isemand the dike,Fxemplary
substitutions 30that take into consideration the various foregoing characteristics are well known to
those of skill in thacirermy mu@@@@mmgﬁ@s I%h_\!él?fgu]m@&ﬁcﬁal§p&ﬂtatébl§el_’m@énm threonine;
glutamine and asparagifes AL, WARNE: (SR AN ISRISUEIRS o  inic:ARGERERRRMITENIRY the

preparation of polypeptides according to the invention is the use of peptide mimetics. Mimetics are
peptide-containith§ FAERIENIES Hvatcai B elesh eMEET ot dte ke eordasy sthdcrsieictoErden 1993). The

underlying rationalg behinddhe use-af Reptide mimeticsisthatthe peptide backbone of proteins exists
chiefly to orient amino acid side chains in such a way as to facilitate molecular interactions, such as

those of antibody and AALIEEROA HEREHE i SHEEEIHEEY 16 PERNE mbreeuldethsridtiens similar to
the natural molegulg.Jhirse RrinGiPlesMAN-be;usedin coniuncion with the-pringiples pytlined above,
to engineer second generation molecules having many of the natural properties of human lga or igp
with example, a transgenic vector can be'directly injected into the pronucleus of a fertilized

oocyte. A transgenic vector can also be introduced by co-incubation of sperm with

20 the transgenic vector before fertilization of the oocyte. Transgenic animals can be
developed from fertilized oocytes. Another way to introduce a transgenic vector is by
transfecting embryonic stem cells and subsequently injecting the genetically modified

embryonic stem cells into developing embryos. Alternatively, a transgenic vector

(naked or in combination with facilitating reagents) can be directly injected into a

(2]
N

developing embryo. Ultimately, chimeric transgenic animals are produced from the
embryos which contain the human(ized) Ig transgene integrated in the genome of at
least some somatic cells of the transgenic animal.

In a particular embodiment, a transgene containing a human Iga or Igf is
randomly integrated into the genome of recipient cells (such as fertilized oocyte or
30 developing embryos) derived from animal strains with an impaired expression of
endogenous Iga or IgP. The use of such animal strains permits preferential
expression of immunoglobulin molecules from the human(ized) transgenic Ig locus.
Alternatively, transgenic animals with human(ized) Igo and/or IgP transgenes can be
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IDaltered and improved characteristics. Thus, variant nucleic acid sequences that encode for
human Igo, or ig,f3 and functionally equivalent polypeptides of human Iga oare useful in this invention.
The transgegig Yagigisogontaining the genes of interest may be introducedsifg thgkasipient cell or
cells and then integrated into the genorne of the recipient cell or iscells by random integration or by
targeted integration. ~ For random integration, a transgenic vector containing a human Iga or Igp
can be introduc8HiFtovAR AMIMRAIFEEHIEHTCENMY HandErth ®ANs§BARE taeRhBIEGY FYr &Rample, a
transgenic vectyeap; be %Tﬁ&&%lﬂl_@%@qIHHQEMl@@ﬁ%lﬁqgﬂﬂfﬁﬂﬁ%ﬁ%%%g& ahdikGnggenic vector
can also be introduced by co-incubation of sperm with 20the transgenic vector before fertilization of
the oocyte. Trasgénie amiraals/catiFe davetspedsions fendizedwe dgtesndpotaemigaybeo introduce a
transgenic vectogis by {ransfesting smbryanic.stenells and shbseaventy iisgting ihe genetically
modified embryonic stem cells into developing embryos. Aiternatlvely, a tranisgenic vector (naked or in
combination witbkfaeHitating redigenis) tapnbedhediycinjcbion sHteda tehvelspingtempgakittitimately,
chimeric transgepic, afimals,ate Rroglesd framythe, ambryessvish contain the;bumasdzed) Ig

transgene integrated in the genome of at least some somatic cells of the transgenic animal. Ina

particular emboditeiérit s rdnsdenastoriaining: ankiadiassi gaher Hyp b ratrdslehRiNte gdatBeN nto the
gcnome of recipieptcellsdsuah @sHerilized oreyieon R0 veloning Smbryes) deryeddrapyanimal

strains with an impaired expression of endogenous Iga or IgP. The use of such animal strains permits
preferential expféssienrarirpivlmdyissulinshieciés fiem the ho ey teansdeniangbocus.

Alternatively, tranggenic apimalswith-Ruman(ized 192 and/erlg SIRNIERER 63N RRdRied with animal
strains with impaired expression of endogenous lg,a and/or IgP. Offspring homozygous for impaired

Igo. and/or Ig aftl HEMHEMIZEH IS d] Mire&F e Bbtained. Alternatively, expression of

endogenous Iga andlor dgRpaydiekhibited-or lauered \usig @ntirense dacanpleays irraaetular
anti-iga and/or IgP expression, and the like. In one embodiment, the method of choice for the knocking

down the endodBHBas prodtttisH DR SRMHTY FP o e Hbs aHialid e SRS ritdiBence (RNA,)
method, which intneduges-eithir dourblevsiranded RiNAeQshRNA): an v e praferaiblyl shoster small

interfering RNA dyplexes (siR into the B-cells having intracellular host animal iga and/or IgP
R e LA 58 Ko LULLE LING: EDPHT Ty SRS KRS LG ot rot

nucleic aci&sequences. S can be achieved-u m?ggg?)
limited to, BlockeiiiTim seteStaalth'smrikiNd kits fom $avifrogem@orpk uroivieosttalrgétedentegration, a

ransgenic vecter.gan e infofluced inip.apprapriale, anima reaipient eells such as embryopic stem
cells or already ifferentiated somatic cells; Afterwar S, ell$’in which the transgene has |n‘fegrated
into the animal gengmeahdehascreplacied tive cobrespording @Hdogerbusegenpobsnhamologous

recombination cap he selested: by, standard mefhads (366 for example: Kyraiwa e Al Nature Genetics

2004, June 6). The selected cells may then be fused with enucleated nuclear transfer unit cells, e.g.
oocytes oreémbfyBhid'stan Eells Whicharh wstipstenttabies ke ablec i finetiopaiteredithte. Fusion is
performed in aceQAaNGEAMIER can also be performed by microsurgery using injection pipettes. (See,
for example, Wakayama er al., Nature (1998) 594:369.) The resulting egg cells are
then cultivated in an appropriate medium, and transferred into synchronized recipients
for generating transgenic animals. Alternatively, the selected genetically modified
25 cells can be injected into developing embryos which are subsequently developed into
chimeric animals.
Further, according to the present invention, a transgenic animal capable of
producing human(ized) Igo and/or Igf can also be made by introducing into a
recipient cell or cells, one or more of the recombination vectors described herein
30 above, one of which carries a human Iga and/or Igp gene segment, linked to 57 and 3°
flanking sequences that are homologous to the flanking sequences of the endogenous
lgo and/or 1gP gene segment, then selecting cells in which the endogenous Iga and/or
IgP gene segment is replaced by the human Iga and/or Igf gene segment by
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conventional techniques which are well established. Enucleation of oocytes and nuclear transfer can
also be performed by microsurgery using injection pipettes. (See, br example, Wakayama et al, Nature
(1998) 394:368nbsi6:FeguIting egg cells are then cultivated in an approprigiefiigsiym,-angd transferred
into synchronized recipients for 2 enerating transgenic animals. Alternatively, the selected genetically
modified cells can be injected into developing embryos which are subsequently devel roed into
chimeric annual&omOlOEREEr BELHHINy %dtﬂgﬁfégéqﬁt%%ﬂtfﬁ?ﬂ“éht?éﬁ%é 'é‘%{ﬁi‘rlr‘iﬁ(f ¢apable of
producing hurnaMized)i lgaiandiak143 ean.also be made by introducing into a recipient cell or cells,
one or more of the recgmbf'nagtio%vte;ctyors derjstcribe Qereig] 30 a}botve, one of Whichtc?rries a human
Igo. and/or Igp gene s énrﬁeaﬁt,% et 855 aRd %' ﬂa%kri%sﬁeendﬁéﬁccé)g’ {ifat 4fe Hemo ogoéuusS?o the
flanking sequences:apthe eritogehous kibecland/iodigprhens segenent) thereseldsting cells in which the
endogenous iga.and/or 193 gene segment,is replaced.by the human. Igu. and/or, 123 gene segment by
21 homolog]ousahrefc%l(ﬁ)@rrfw1‘?(\?166%%%00?1],1 %Elr?dg E;%Sfivi&r‘léeg(rgl%gﬁf}r%téﬁrb?ﬁt )ﬁg‘lsnaéngtél ‘a’é“ﬁ*&‘ra‘lﬁ/‘gﬁ'ﬁ%.‘ﬁ d recipient
cell or cells.  ¢Simitamterthextargettindectiomof suttansgenic vdtioy, aellscappltopriate.forsuse as
recipient cells iq thisfaQProag\I?ting’]u_ e embr%oq}ccﬁt @}Qﬁggno[g%!rgna ] X}_qif[grggtiggggq esltx)ngagic cells. A
recombination vé%f%reéa?Pying :ﬁrhuar‘néhcfgaS and/or gP gene segment carrbein r‘ocﬁJceo} into such
recipient cells byanyd¢dsiklerragans;re. gndraasiection cAdteriigtdsnealigiirenvhichdhe hagman 1ga
and:or IgP gene segment has re Iacqp tpei qrr%as%oné:lin he%dogﬁno@ 121a_aﬁd/or)&9 (&erqusegment
by homologousrreé@om r}%té?i%nﬁagar? e Sefected %r)]/ standard methods SThesd genetica y modified cells
10 can serve asnuctevdonondellsdnca culiclean trarisferpnetegureckbrreltminigarteansgesicranimal.
Alternatively, the selgeted, genetically modified: mbryane stemcels,gan e Iniseted intg,developing
embryos which can be subsequen}ly evefoped"lnto chimeric animals. In a specific em‘bodment,
the transgene consttetistofdiie inpestionbmay beidhtrod besdliptautislirdnsgenid anmvdisngarng
embryonic life by dirgctly injecting the transgenes into the embryo or indirectly by injecting them into
the pregnant mother or into the egg-laying. hen. Transgenic animals produced by any of the foregoing
methods form anotherl@rspeitie sEETHE presbativeRtiv RO THE tranSHEHI aritvrals4Yave at least one,
i.e.. one or; more, humaniizadlgesandiac lgReanadndhegsneme 0fromuhichafunctignal
humaMized) Igo. and/or 10 protein can be produced. . . Further, the transgene constructs of the

invention, namefF E#ETEMAN BY FEIRTARIZe g RIS s rendigahE Lt thE BUARBRIZEET oF
immunoglobuliniifansgene. are preferabinexpressed.againsi@ kaoekouirhrekgiaundof either one, or
more preferablv b%‘h, the endoganous Ig, as well gs the endogenous 1ga and/or 103 knockouts. Thus
the transgenic aNMAR JF TR BrESE R IVSHEOH AFd cdpatie ST aditindify TRE RtMaRZEERg loci and
efficiently expressirg@functienatrepertoireoad human(ized) antibodiekpgamsiathagkgiouwnd that has
substantially reduced endogenous Ig expression and more referably, substantially reduced
endogeou%E{gu,ré?fBIB'Fl@% %@Wé]lﬂ“l% IR ey ieskt |5y *BeEELEhRIN S 1S FHe AR PIREHESree of
30endogenous productignh&f eithespeeoentuadg expressionalonaaeadditionals endogeous lga
and/or igp expression is reduced preferably at least about 30%49%, or more preferably at least about

50%-79%, or eVBHHBFeDIEtetAbRT A HdEaT OB UL BB R HISSt PrERaBNPHY hibBti%H5100"A.

are preferably expressed against a knockout background of either one, or more

preferably both, the endogenous Ig, as well as the endogenous Iga and/or Igf

-2
p

knockouts. Thus the transgenic animals of the present invention are capable of
rearranging the human(ized) Ig loci and efficiently expressing a functional repertoire
of human{ized) antibodies against a background that has substantially reduced
endogenous Ig expression and more preferably, substantially reduced endogeous Iga
and/or Igf as well. In this context, by “‘substantially” is meant the degree of

30 endogenous production, of either endogenous Ig expression alone or additionally,
endogeous Iga and/or Igf expression is reduced preferably at least about 30%-49%,
or more preferably at least about 50%-79%., or even more preferably at least about 80-

89%, or most preferably by about 90-100%.
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WO 2008/027986PCTIUS2007/0 77 1 43 The present invention provides transgenic rabbits
expressing one or more human(ized) Ig loci and human(ized) Tau and/or 12P, that are capable of

rearranging ansl-,9ene ergverting the humanezed) Iv loci, and expressing apfupeionalsrengstoire of
human(ized) antibodies. Preferably, these rabbits, additionally, do not produce substantial amounts of

fbnctional, endogenous, rabbit immunoglobulins or functional endogenous, rabbit lva and/or Igp. The
present invention also PRSVIEES BHEFTAIJERTAHEGE R stamaIEb I GIME HOE SBE initstco, birds,

rodents and farmanimalsdike rRwsaPigsm shegr) aaatsdenkeyshharsesankthe:like sxpressing one
or more human(ized) Ig loci and human(ized) Iga and/or lap. Again, preferably, these animals,

additionally, do ABE SFa8GE8 SIBRERA A IR J& ATRE ORISR0 AU HRTHURBYTBBIRINS or
functional endogenausiAgn andfediap. Prbusaihese-transganie animals argscanahlaafrearranging the
human(ized)lg locj and eﬁicientl e&ressing f functional re%egrtoire of hupar](izwed)ﬁantibodies, with
increased yields%%%"ﬂ?é‘?n@’éﬁﬁ%r? & A S e BRI 18D L O e e PR e of
transgenic animatsi desciibedtabone, thatexppess the humamlized) Igo: and/or IgP gene and the
human(ized) immunoglobulin loci.. Further, ilqjch B-cells can pe immortalized usiq? Conﬁ\ﬁntional

) o

methods known and used by SRiieY SHHSARLThARS et THEIGERTd BTSS1SiANRa fo e Giral
transformation, éte.riR0Immexhizatiodswithlantiged fteadsnianthe! productiorn of kiwnaniaed) antibodies

against the same aQti en in §aid§r nsgenic animals. Although prelim-0d embodiments of the
present inventionozrallref%lj;i’r(-g-gltégdq {o rg\ﬁzg‘etn%%ﬁisr%%%sg 15\%6} Iﬁrﬁ%ﬁf%%%’qﬁrbg?c ita“lrégto be understood
that transgéhic amimalsZadyigg. pridnatized Iydaci andeprimatized polyelonal drnitiselitg, akeralso within the
spirit of the presennvenfion, BImiar i8 tuman(ized) alyclonal antisera comppsitions, primatized
polyclonal antisera compositions are li eTy to have a reduc dnlmmunogenﬁﬁv IN human individuals,
Once a transgerioeonHumarganinsal gapadie of prddusinigeskiversifiedi human(tzee )y aprnlendgglobulin
molecules is mad r@s furt%er set forth &ovﬂ. 30human(ized) immunoglabulins and humanezed)

. angme the h A 1 [ori 7 EXDressing eperioire -
antibody preparéctjgong ﬁaglnset atﬁngﬁgféeegjc%ﬁ led?eal%%lo'étt%%)é%r%?%%n%%%hoﬁ a}?re RiMmaT with the
antigen. A variety bfiantigesd eanbtiodiesed foiimrrrsnizeiddsansvenic host animal. Such antigens

include, migjoorganism . grKHseS. NG WGRlLAr RIEANAME (BHED A baciRlia g [uagh, alive
attenuated or dead, fragments of the nicrooraamcms or antigenic molecules iso ateop rom the
microorganismsgransgenic animals described above, that express the human(ized) Iga and/or IgP gene

and the human(ized) immunoglobulin loci. Further, such B-cells can be immortalized
using conventional methods known and used by skilled artisans in the field, including
but not limited to, using viral transformation, etc.

20 Immunization with antigen leads to the production of human(ized) antibodies
against the same antigen in said transgenic animals.

Although preferred embodiments of the present invention are directed to
transgenic animals having human(ized) Ig loci, it is to be understood that transgenic
animals having primatized Ig loci and primatized polyclonal antisera are also within

25 the spirit of the present invention. Similar to human(ized) polyclonal antisera
compositions, primatized polyclonal antisera compositions are likely to have a
reduced immunogenicity in human individuals.

Once a transgenic non-human animal capable of producing diversified
human(ized) immunoglobulin molecules is made (as further set forth below),

30 human(ized) immunoglobulins and human(ized) antibody preparations against an
antigen can be readily obtained by immunizing the animal with the antigen. A variety
of antigens can be used to immunize a transgenic host animal. Such antigens include,
microorganism, e.g. viruses and unicellular organisms (such as bacteria and fungi),
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Preferred bacterial antigens for use in immunizing an animal include purified antigens from Slap 11.1'
1000CCIIS aurcL5 such as capsular polysaccharides type 5 and 8, recombinant versions of virulence

factors suchyag ajpdigrtoxn, adhesin binding proteins, collagen binding progetgisand fibippectin
binding proteins. Preferred bacterial antigens also include an attenuated version of S. aurcats,

Pseuclonionas aerpginosa, enterococcus, enterobactet, and KlebS|eIh2 eumonm culture
supernatant frof" ‘g SRR r?]lﬁrc‘(iaeﬁ1 BHREIBECIS 6}&1%%}88{% %‘6@6“‘%‘8 eC.L‘é‘f‘?ﬁmumzatlon

include purified lijpopelysacetharnider(dPG)icapsular antigens, capsular polysaccharides and/or
recombinant versions ?,ft e o(%dc rlH\br ne ;S)rotelns flbronectln bmdm%’%rfmelﬂ% endgto&mn and

CITe fOr use In Immunizin
exotoxin from Pseudomonas acrugl osa, e erococcus enteropacter, an epsiella pneumonlae

Prefen-ed antigensdorsthergeénerationoof antibedies:dyainspfuhginnbladeibate nyatedvéfsion of fungi
or outer megnbrg %1%;%9‘&%5\ hgreof f"YW‘?I} M‘%d&? lude:, ut, ﬁa’18kll{“£t(ﬂ%§8 {fgliga atbicans,

Candida parapsilosis, Candicia troplca Is, and Cryptococcus .. Preferred antigens for
use in |mmun|zaﬁoﬁwmﬁ@$z§@¢@ﬁ@i@t@f§fﬁi%@i@éféjfamﬁcmlﬁﬁsﬁélmdm@éltﬁe Brodestisd proteins and

attenuated versions. of virises Which 29inelude, bitare netiimited to respiratany syngtial virus (RSV)
(particularly the F- Protein:), Hepatitis C virus (HCV), Hepatits B virus (HBV), cytomegalovirus (CMV).

[By, and HSV. THEHEHstticcRITBERIESS ca BENgereratdd for tiid tretiientef CvesrIy immunizing

transgenic animals.ywithisalatediinesgells entumansellings: timeen23associated antiggns which
include, but are not limited to. Her 2 -neu antigen (antibodies ﬁamst which are useful for the treatment

of breast cHhcef|M B FUEHB6EDZI ERY GBS HARHEIY tdhtibduiaRHEANE SERichare d5eful for the
treatment of B- Qﬁildymﬂhﬁ)maﬁan(i&)rﬁé@statﬁxﬁpeﬁﬁlﬁ(meﬂ’fbrﬁﬁﬁl@ﬂtt&eﬁb(%$:‘&)€(@l§,’[lb0dles against
Wl are e e G oSt e Al b i A Rl (o e osa
o * = >
enterococcus, enterobacter, and Klebsiella pneumoniae.
Preferred antigens for the generation of antibodies against fungi include
15 attenuated version of fungi or outer membrane proteins thereof, which fungi include,
but are not limited to, Candida albicans, Candida parapsilosis, Candida tropicalis,
and Cryptococcus neoformans.
Preferred antigens for use in immunization in order to generate antibodies
against viruses include the envelop proteins and attenuated versions of viruses which
20 include, but are not limited to respiratory synctial virus (RSV) (particularly the F-
Protein), Hepatitis C virus (HCV), Hepatits B virus (HBV), cytomegalovirus (CMV),
EBV, and HSV.
Therapeutic antibodies can be generated for the treatment of cancer by
immunizing transgenic animals with 1solated tumor cells or tumor cell lines; tumor-
25 associated antigens which include, but are not limited to, Her-2-neu antigen
(antibodies against which are useful for the treatment of breast cancer); CD19, CD20,
CD22 and CD33 antigens (antibodies against which are useful for the treatment of B-
cell lymphomas), (3) prostate specific membrane antigen (PMSA) (antibodies against
which are useful for the treatment of prostate cancer), and 17-1A molecule (antibodies
30 against which are useful for the treatment of colon cancer).
The antigens can be administered to a transgenic host animal in any
convenient manner, with or without an adjuvant, and can be administered in

accordance with a predetermined schedule.
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30against which are useful for the treatment of colon cancer). The antigens can be administered
to a transgenic host animal in any convenient manner, with or without an adjuvant, and can be
administered, iy apgerdance with a predetermined schedule. After impaymizatiene-sgLdm or milk
from the immunized transgemc animals can be fractionated for the purification of pharmaceutical
grade polyclonal antibodies specific for the antigen. In the case of transgenic birds, antibodies can also
be made by fractionatind\ ey Y BIRE R R EERtFAEE < gt HMURYGOBaNPERECIENPALY be obtained
by chromatographyyaffinitysriaeiciexahangs geblilrappnmele:) selective gygcipitatian;wilisalts such
as ammonium sul[a}te,ﬁgrg anic soyl\gent}s S}Ljph as ethanol, or polymers Slgﬁh as p%I eghyle eglycol.

The fractionated HIMSA{ZEE) AHEBBAIES Ha§ B LSS &F Gitutel SRHBHRBAE s Z&r%genic
media suitable fov fnttavenous @drpmistratioonc: humahsulibkar imstancglodteierbuiferechsaline.

The antibody preparations ysed for adminjstration are generally ch terized by having

immunoglobuIinO(l:[))([){HIclicfecgpr'\é'[clqaIhosl:I rgon%f?J%Eytéd%atrvné?rrﬁfgerﬁégén&gu ﬁ@@%ﬁ?“i“tﬁié’r%% rcrnlﬁfrhe antibody

preparation maycontainémmuinsglsbudimssofrrariousiisetypesoriitenativelys shehanstivbayopreparation

may contain ant&pgglg% Qrfs%ﬂ%ﬁ%;ﬁ (;Irgéﬁ%y&%ggrcgi number of selected isotypes. For making a
ibody, spl '

human( zed) inonoclonal antibody, spleen celfs are isolated from the immunized transgenic animal
whose B-cells expressiny the aerinied Senaogesoastimingnotipha s belvedseehl degleted . Isolated

spleen cells areised githerin, celb tusiop.with transiarmed calhlinesdar e Rraducton gihybridomas,

or cDNAs 20encoding antibodies are cloned by standard molecular biology techniques and expressed
in transfectéd célisiThasrecad ey fgr fidkitly monoclonal antibodies are well established in the art.

See, e.g., European PatentApplication Q683 98QiA (Methpd fionh Generating, Menaslenal Antibodies
From Rabbits"), U.S. Patent No. 4,977.081 ("Stable Rabbit-Mouse Hybridomas And Secretion

Products ThereBH VDB PRHB B RKSHBE LML the AR MeHBl BPTE<E NSS! and EP 0
491 057 BI ("HybrislomagMhliciiRrestiteas Avanr Speciie, | comuimnoal etikin IG5 ) theodisgliosyres of which

are incorporatedqhteyein t% r;eefe,revn g.é}?n vitgghgquuctiognof mog%%lc%gal antéb%dies) tfroo cloned cDNA
molecules has BESHGasEHISER BY Andhs S prat i PRI IRE & 157 tha g eRelaton Brehicken
monoclonabantibogySfragimehts byspleagd display’"/ Inuminol Methods 242:159 (2000), and by
Burton, D. R "Phage display, \mmifnatechnalogh K47 (:99Rh e SirdosuiRs o MlshAS
incorporated herein by reference.

the immunized transgenic animal whose B-cells expressing the animal’s endogenous

immunoglobulin have been depleted . Isolated spleen cells are used either in cell

fusion with transformed cell lines for the production of hybridomas, or cDNAs

20 encoding antibodies are cloned by standard molecular biology techniques and

expressed in transfected cells. The procedures for making monoclonal antibodies are
well established 1n the art. See, e.g., European Patent Application 0 583 980 Al
(“Method For Generating Monoclonal Antibodies From Rabbits™), U.S. Patent No.
4,977,081 (“*Stable Rabbit-Mouse Hybridomas And Secretion Products Thereof™),
WO 97/16537 (“Stable Chicken B-cell Line And Method of Use Thereof™), and EP 0
491 057 BI ("Hybridoma Which Produces Avian Specific Immunoglobulin G™), the

[
A

disclosures of which are incorporated herein by reference. In vitro production of
monoclonal antibodies from cloned cDNA molecules has been described by Andris-
Widhopft et al., “Methods for the generation of chicken monoclonal antibody

30 fragments by phage display”, J Immunol Methods 242:159 (2000), and by Burton, D.
R., “Phage display”, Immunotechnology 1:87 (1995}, the disclosures of which are

incorporated herein by reference.



WO 20081027986PICT/ US2007/077143 In most instances the antibody preparation consists of
unmodified immunoglobulins, i.e., humane zed) antibodies prepared from the animal without additional
modificationw@yGool) Llagmicals or enzymes. Alternatively, the immunoglolpgifsagstioqy may be subject
to treatment such as enzymatic digestion (e.g with pepsin, papain, plasmin, glycosidases, nucleases,
etc.), heating, etc, and/or further fractionated to generate "antibody fragments”, The present
invention also incIudesl?)ﬁé)r?ﬁ%@ﬁ?@él“&‘b?ﬁﬁBgfgfbﬂ‘?W%ﬁﬁ?beﬂ%f'ﬁF%BfaFﬁﬁbCi@l?&nprising the
antibodies or theif:fragimribis @btaineshhnthieshethoslsddsfineshadofrent he terimaphanmaceutically
acceptable ingregi nt' o "forrrflulation" as OuFed.heIlrein is intended to encompass a product

: %y ch %/i t?

comprising the c?lalrl’rtfé)aaac':T'Ef:\)/de1 |‘ﬁa?lé)8ieer1%(s ,'nér%néllf/a iﬁ%ﬁﬁf&lggﬁ‘angﬁtén&)t/’%er n ?Body fragment, in
specified amountspas avslbasafiyquroduct which results;edireetlysorlindicectyafforh ¢heioombination of
the specified apﬁlg{glq%e é_eé‘%?*éé”z}?{? r{aﬁ(‘?%%%‘i%?%i@&%%&tés Syehtenm k?é”%%%ﬁ%g 9.encgmpass a
product comprising the attive ih redie ts3, and the inert isingredient(s) that make up the carrier, as
well as any produttwhicltresultd, tdizgectiptor indibedtyirfesmrésmbination, complexation or aggregation

of any two or more of thginaredients. o1, ffAM.dIRSGIRURR, A, Q06 04 ok, Ofi e Ingragigpig, or from

other types of reactions or interactions of one or more of the ingredients. Accordingly, the ~
"pharmaceuticaPESHIPOStoHEN T tHE PredBhbmvertiohentasipass dny eshiposribsodsade by
admixing any acfive, CORMOUNGLRf RS BreseRtidavaninn.ang amharmagestically aeaaptakle carrier.
The terms "administration or' and or "administering a" compound should be understood to mean
providing afly adtite E3MPSUREBE THENNERIBAT A AR FSHTHITRIGH 8P4 INAFIIERI R need of
treatment. hie:-pharmasewicahcenposiivns teydheragdaboisiration of thesgespaunds of this
invention may conveniently b._,‘ﬁ presented in dosage unit vfcg.r_n apgi may be prepared by methods well
known in the art BFPRErRLY SUitBIB A SUY EhE CAEIS B 1S4 KHE s tat Sre well-described
in the art, and favexample, i Rerpiagian, aEhecSaieadeand iPraetipeofiRhanmacy, ®c:HGemnaro et of,
20th Ed. 30 (2000i) althocy%h the skilled arti an in the field ?f immunology. wil readgll)( recognize that
is mtended ¢ cpeOmpass :Hfroﬁuc coma{msmﬁ]t e active Ingredie ﬂ andthe mert =~ .
other methods arc known and are suitable tor preparing the compaositrons of thé present invention. All
methods inéludentrestep Ofthaingitg tipatactire ¢ngredight intoy assdeiatidnavitkstiie, careighwhich
constitutes one Qxlaﬂ]e%lfﬁfaﬁgﬁégg}{vm%gqI%@Fﬁp’@\atton or aggregation of any two or more of the
ingredients, or from dissociation of one or more of the ingredients, or from other types
of reactions or interactions of one or more of the ingredients. Accordingly, the
“pharmaceutical compositions” of the present invention encompass any composition
20 made by admixing any active compound of the present invention and a
pharmaceutically acceptable carrier.
The terms "administration of" and or "administering a" compound should be
understood to mean providing any active compound of the invention, in any
formulation, to an individual in need of treatment.
25 The pharmaceutical compositions for the administration of the compounds of
this invention may conveniently be presented in dosage unit form and may be
prepared by methods well known in the art of pharmacy. Suitable methods and
carriers for use are those that are well-described in the art, and for example, in
Remington, The Science and Practice of Pharmacy, ed. Gennaro er o/, 20th Ed.
30 (2000), although the skilled artisan in the field of immunology will readily recognize
that other methods are known and are suitable for preparing the compositions of the

present invention. All methods include the step of bringing the active ingredient into

association with the carrier which constitutes one or more accessory ingredients. In

26



general, the pharmaceutical compositions are prepared by uniformly and intimately bringing the active
ingredient into association with a liquid carrier or a finely divided solid carrier or both, and then, if
necessary, stgpigsbegfyoduct into the desired formulation. In the pharmaggutisaleanesition the
active ingredient is included in an effective amount, discussed above, sufficient to produce the desired
effect upon the process or condition of diseases. Furthermore, formulations for the controlled,
prolonged relea§(::'ncc)3faj\'nltl]tcxopégf/1 rr'ﬁé%%ﬁfé% have' ’é’é)rrlb escrine Liél) .gélguﬁnéﬁtﬁb.l%ﬁ%aé,%%g, whose
methods are inconperageticoy referaneéifrereir. Fhusgthe trahsgeniclconstruets, fthe wdctatsdcomprising
the transgene | Qoonstiicts and ihe, fransgenic.animals generaied Using: the,metheds.described above
are all embodiments of the invention. The invention is further illustrated, but by no means limited,
by the following iexamiples! | SERamipiEIa T8 fisripprof QrabbicBee adind nith ishvdadga aind To
demonstrate the.gffact of umaniiga aed giR ondhe.expressianof iuman-mlei in fabbigB-icells, such

cells are transfected with expression vectors encoding human I?ei or igfi or a human migM. 20Haman
lea and human iJiF&AY KueTEhtighgt €issting 'geHssmee clorad ?ﬁ’@épg@s@i%ﬁ%@t‘é?@z An

immortalized rabbit Breellline s ransfectedwith he pxpressian destarsand cpligrgdiin. medium in the
presence of neomycin f$r the selection of stable transfec'gar]}g. Resistant cells are analyzed by flow
cytometry using‘antibodies’ SpEcic THefor hIFHER 1M Sha HIMER 1§ 8 &d/or 1d. Transfection of rabbit
B-cells with an expressiansyectonencodinghuman, g eesiits imlowiegliisurtasgexpression of human
IlgM. Cotrapsfection with human Iga and/or Ig9f3 results in high cell surface expressign of human migM.
This demonbiratet ot RO L B daP TR P S S A O el euface
expression of humani(tzeld)ddmehimeribe invention.

The invention is further illustrated, but by no means limited, by the following

examples.

15 Example 1

Transtection of a rabbit B-cell line with human Iea and Ief

To demonstrate the effect of human Iga and Igf on the expression of human
mlgM in rabbit B-cells, such cells are transfected with expression vectors encoding
human Iga or IgP or a human mlgM.

20 Human Igo and human IgB and human IgM encoding genes are cloned in
expression vectors.

An immortalized rabbit B-cell line is transfected with the expression vectors
and cultured in medium in the presence of neomycin for the selection of stable

transfectants. Resistant cells are analyzed by flow cytometry using antibodies specific

]
(&

for human IgM and human Igo and/or Igf. Transfection of rabbit B-cells with an
expression vector encoding human [gM results in low cell surface expression of
human IgM. Cotransfection with human Iga and/or Igp results in high cell surface
expression of human mIgM. This demonstrates that human lga and/or Igp is
necessary and sufficient for high cell surface expression of human(ized) or chimeric

30 mlgM.

Example 2

Transfection of a B-cell line derived from any animal with human lea and lef




30 migM. WO 2008/027986PCTILS2007/077143 To demonstrate the effect of human Igo and TO
on the expression of human migM in animal derived B-cells, expression vectors encoding human Iga
or 1g,(3 or aWgmarmighs are transfected in B-cell derived from chicken (D)o oand Pigs.
Immortalized B-cell lines are transfected with the expression vectors and cultured in medium in the

presence of necmycin oy Ine seleelipn gf:stable iaasfectants: Resisani cals are.analyard by flow
cytornetry using antibodies speci or human 1g.N4 and human Iga and/or Igft Transfection of rabbit

B-cells with an expressionnvector encBeindshtnessigNAeTIE iy Y9 BEINSU RS ERPrasEion of
human 18M. Coiansigetion Wi.numian!gos and/aridaeaus nibigh ast ayriae, expression of human

mlIgN4. This demonstrates that human Iga and/or IgP is necessary and sufficient for h(igqh cell surface
sina rue

expression of humaMizetyor tsitdéns high AEXERpie 39 BTG ISIC RAbBIE EY 74

Humanized Immyneelahulipdkire/th anclarkears Ghaintramsyeneswithion witheblehuman ha anctér
Iransgenic rabbits were generated as described by Fan et al. (Pat/o,.49: sr. 58 5(?4, 1999t). Briefly,
€ 1C

female rabbits WereaipEroR AL é‘t‘éﬁﬂ%{?’&"rﬁ@t}hﬁﬁg éﬁ‘(ﬁ”?ﬁ%’féd’%%%%@ rabpits:
Pronuclear-stagg; zygetesovere crllecied-framiovidict 20antplaced ishan Bppidprateamedium such as
Dulbecco's phosphate buffered saline . : .
expression vector encoding human IgM results in low cell surface expression of
human IgM. Cotransfection with human Iga and/or 1gP results in high cell surface
10 expression of human mIgM. This demonstrates that human Igo and/or IgBis
necessary and sufficient for high cell surface expression of human(ized) or chimeric

mlgM.

Example 3

15 Transoenic Rabbits Expressing the Humanized Immunoglobulin Light and/or

Heavv Chain transgene with or without human lga and/or 1gf

Transgenic rabbits were generated as described by Fan et al. (Pathol. In1. 49:
5$83-594, 1999). Briefly, female rabbits were superovulated using standard methods
and mated with male rabbits. Pronuclear-stage zygotes were collected from oviduct

20 and placed in an appropriate medium such as Dulbecco's phosphate buffered saline
supplemented with 20% fetal bovine serum. The exogenous DNA (e.g, expression
vectors containing human(ized) immunoglobulin locus or human Iga or human Igf)
were microinjected into the pronucleus with the aid of a pair of manipulators.

Morphological surviving zygotes were transferred to the oviducts of pseudopregnant

2]
h

rabbits. Pseudopregnancy was induced by the injection of human chorionic
gonadotrophin (hCG). Between about 0.1-1% of the injected zygotes developed into
live transgenic rabbits. Integration of the transgene in the genome was confirmed by
PCR and FISH.

The presence of antibodies containing human {gG and/or human kappa light
30 chain antigenic determinants in the serum of transgenic founder rabbits was
determined using an ELISA assay. Antibody expression on the surface of B-cells was
analyzed by flow cytometry. Rabbits with a transgene encoding a human(ized)

immunoglobulin heavy chain locus, expressed 1-10 ug/ml human [gM. Young
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supplemented with 20% fetal bovine serum. The exogenous DNA (e.g., expression vectors containing
human(ized) inununoglobulin locus or human Iga or human 10) were microinjected into the pronucleus

with the aid gf@padiefsgianipulators. Morphological surviving zygotes wergdiansigrfedigshe oviducts
of pseudopregnant rabbits. Pseudopregnancy was induced by the injection of human chorionic

gonadotrophin (hC6). Between about 0.1-1% of the injected zygotes developed into live transgenic
rabbits Integration o {ﬁg 'txgaﬁga}és S rt??é%e@@fé&%a@@éﬁﬁﬁ%%ﬂ&%;'ﬁ%f—?‘%\”ﬁ& FISEPTeS4fe presence
of antibodies contdimimg: hgaecigGdangidiyhurear kappa light ghalin Ebtigenicdeterminasitsdn the
scrum of transg%jl\c founder r bbits.was determined using an ELISA assay. A ibody expression on
the surface of B-cei?s(gwaggarllﬁ)a%%/lzdlleﬁ1 9ff53v€%%r§)?nsé¥€3. Ef%bq?Psogvff@é”t%rﬁ%@rgﬁepecr%%é%g a
human(ized) imaiahoglsbulireibawy ehaig fobbiss expressdplid 00Ggmbhumiaiig Mlveting animals
(6-9 weeks)sexpggg? Qx&%&f};@@i@ uginl human 12G. However, the expression of human 1gG declined
rapidly to levels of 10-100 ug/ml. Flow cytometric analysis of B-cells in peripheral blood revealed a
small population of huk&i? FHfGRE| ¢ CEIRS {295\ Tee iap bendix efyowuny faBbitsbomaimed up to 10%
human mightf cells-which sisappemredyanialywith-age: Joiroduction of tapsasnes £95e¢ing human

Igu. and/or Igti results 7in the expression of 100-2000 ugfmlhumartgl/zedi IgNil in'serum and stable
expression of 2686812608 HgiMIMRARR RS GelMAPREPERdIR-301T 00d R NRpMSSERs are
human(ized) rnighdaiiperiphigral-bloogeaguivalent aumbrisof Buralls express 1 Qrahhit and
humanfizegg mlgl%or rrél G. . Ai'u re[e%?rnceslcited throughout the disclosure along with references
cited therein aré Herey eﬂ&ﬂ%ggﬁf ABIHEratdR!BY reference. While the invention is illustrated by
reference to certain embibdifaentss itiis hotrsodlimitate Mue skilled indhaartenditinderstand that various
modifications ar : .
therein are hereby expressly incorporated by reference.
While the invention is illustrated by reference to certain embodiments, it is not
so limited. One skilled in the art will understand that various modifications are
15 readily available and can be performed without substantial change in the way the
invention works. All such modifications are specifically intended to be within the

scope of the mnvention claimed herein.



readily available and can be performed without substantial change in the way the invention works. All
such modifications are specifically intended to be within the scope of the invention claimed herein.
WHAT IS CLAIMED IS: A met hod for producing humant"ired) antibodies in a non-human anima!
comprising: tatintroducing and expressing a transucne construct encoding a native human Igo, subunit
and/or a trafgHene lsoastrust encading a native human 1gf subunit into said non-human animal: and,
(h)introducinc4 and expressing a transgene construct encoding a humatUittedt immunoghtimlin locus
into said nen-human animal: Cc)subjecting said animal to an antlttetlic stimulus; and (d)isolating

humantr(-badies frorm-saidanimal The methad b Bmuciny | 1nan jzed! anbodies 4 claimwherein is a
polvcionai or a monoolon... antibody. The methodproducing humancizeli antl Sody is a fragment of a

polyclonal or 4 MotiBelonal antibody. 4.The method for producing humaiu ized antibodies of am one of
claims 1 to 3,

(a) mtroducing and expressing a transgene construct encodine a native
: o sut T /AT g Francoome - : Tver n ; T ;
human Iga subunit. and/or a transgene construct encoding a native human Igf subunit

mto said non-human animal: and.
(b) ntroducing and expressing a transeene construct encodine a

human(ized) immunoglobulin locus into said non-human animal:
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whet.ein said antibody or antibod.x fragment is labeled. 5.The method for producing humaMized)
antlbodl(?s of any one of claims 1 to 3, wherein said antibody or antibody fragment is fused to a toxin to
form an imrnunotoxin or is coupled to a therapeutic agent. 6. The method for producing human(ized)

antibocies of anty one of i wheren 5314 ARy, of Rl fragments fused o @ hterologous

am?no a_lcid sequence. 7.A'm od for producing a non-human animal expressing human(ized)
antibodies conipri sine: (a) introducing and expressing, a transgene eont4ruct encoding a native

u_r(r;an lgct SUbUﬂltﬁ | d!OQ%{g Igg%téngngﬁgsg%g%c ding,a, hative;hyman Itzi subunit into the B-cell of
sai non-human animal: and, ylnt oducing and expressing a transgene construct encoding
human(ized nnrnunoalohuhn locus into said nhon-human animal.. wherein the resultant

ransgene products,combine (o form, & tminaB-eell receparcomplex. 8 The methad farproducing a
non-human animal expressn(ited anti Bodies of Claim 7 wherein, said animal creates antibody dkne

conversion andierdomatio hyperhutationn®iFhe methodfor producing a non-human animal oxpi
ssing human(ized)
3. The method for producing human(ized) antibodies of claim 1. wherein said

antibody is a fragment of a polyclonal or a monoclonal antibody.

4. The method for producing human(ized) antibodies of any one of claims 1 to 3.

wherein said antibody or antibody fragment is labeled.

5. The method for producing human(ized) antibodies of any one of claims 1 to 3, wherein
said antibody or antibody fragment is fused to a toxin to form an immunotoxin or is coupled to

a therapeutic agent.

0. The method for producing human(ized) antibodies of any one of claims 1 10 3.
wherein said antibody or antibody fragment is fused to a heterologous amino acid

sequence.

7. A method for producing a non-human animal expressing human(ized)
antibodies comprising:

(a) introducing and expressing a transgene construct encoding a native
human Igo subunit and/or a transgene construct encoding a native human Tep subunit
into the B-cell of said non-human animal: and.

(b) introducing and expressing a transgene construct encoding a
human(ized) immunoglobulin locus into said non-human animal:

wherein the resultant transgene products combine to form a

human(ized) B-cell receptor complex.

8. The method for producing a non-human animal expressing human(ized)
antibodies of Claim 7 wherein, said animal creates antibody diversity by gene

conversion and/or somatic hypermutation.
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antibodies of Claim 7 wherein, said animal is a rabbit.

9. The method for producing a non-human animal expressing human(ized)

antibodies of Claim 7 wherein. said animal is a rabbit.
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