CONPOSITIONS AND METHODS FOR INHIBITING ENDOGENOUS IMMUNOGLOBULIN
GENES AND PRODUCING TRANSGENIC HUMAN IDIOTYPE ANTIBODIES

CROSS-REFERENCE TO RELATED APPLICATIONS

1001 This application claims priority 1o U.8S. provisional patent application serial no.
60/941,612 filed 1 June 2007, and U.S, provxsional patent application serlal no. 61/044,324
filed 11 April 2008, which are incorporated hereln in thelr entirety by reference

SUMMARY OF THE INVENTION

[602] The invention relates to transgenic animals having one or more inacliv-ated
endogenous immunoglobulin los! and methads for making the same. The invention further
relates to compositions and methods for the production of humanized and fully human
antibedies using such fransgenic animals, and antibodies so produced:

BACKGRQUND OF THE INVENTION

[0603] Antibodies are an important class of pharmaceutical products that have been
successfully used in the treafment of various human diseases and condiﬁc{ns, including
infectious diseases, cancer, allergic diseases, and graft-versus-host disease, as well as in
the prevention of transplant rejection.

[004] One problem associated with the therapeulic application of non-human
Immunoglobulins is the potential immunogenicity of the same in human palients. In order
to reduce the immunogenicily of such preparations, various stralegies for the production of
partially human (humanized) and fully human antibodies have been developed. The ability
to produce transgenic antibodles having a human idiolype in non-human animals s
particularly deskrable as anfigen binding determinants lie within the idictype region, and
non-human idiotypes are thought to contribute to the immunogenicity of current antibody
therapeutics, Human idiotype is an especially important consideralion in respect of
monoclonal antibody therapeutics, which consist of a single idiotype delivered at relatively
high concentration as apposed to the variety of idiotypes delivered at lower concentrations
by a polyclonal anlibody mixiure.

{005] While a number of approaches to producing humanlzed transgenic antibodies in
non-human animals have been described, one major problem encountered in many stch
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approaches is the production of endogenous antibody, either preferentially or in
combination with transgenic antlbodies in the host animal. Various recombinant ¢loning
schemes have been used in altempls to disrupt endogenous immunoglobulin production in
host animais {o address this problem. However, the funciional inactivation of
immunoglobulin genes presents many obstacles in many vertebrate species.

[008] Forexample, while homozygous mutant mice with deleted JH-locl have been
successiully produced using homologous recombination, ES or other susia_inab!e
pluripotent cells in which homologous recombination can be done fo inactivate endogenous

loci are not readily available fiom most vertebrate species.
]

[007] Further, mutations that interfere with cell surface expression but not with productive
rearrangement of immunoglobulin VDJ or \Af gene-segments are insufficient to inacfivate
endogenous g expression completely. This is exemplified by the fact that homozygous
mutant mice with a distupied membrane exon of the p heavy chain (so called pMT mice)
cannot produce Ight or IgG, but still produce significant quantities of IgA (Macpehrson et al.
Nature Immunol 2(7).625-631 (2001). In addition, the serum of heterozygous mutent mice
contains !gM and 1gG encoded by both alletes, the wild-iype zllele and the mutated pMT
allele (Kitamura and Rajewky, Nature 356:154-156 (1992). This is due fo the fact that the
first rearrangement in the course of B-cell development is the jeining of DH- and JH-gene
ségments on both homologous chromosomes, generating a pro-B cell. {f, in the pMT/+
mice, a pro-B cell undergoes subsequent VH-BH.JH joining in the mutated igH lacus first
and the joining is In frame (“productive™), the resulting pre-B clell can express a u chain of
the secreted form, bul cannot express membrane-bound p. Since membrane-bound p
expression is required for allelic exclusion, such a cell is still able to undergo VH-DHJH
joining in the wild-type IgH locus; and if this second rearrangement is also productive, the
cell expresses two different p chains, one of which is membrane-bound. Serun of such
mice contains JgM derived from both alleles. In addition, 1gG derived from bolh alleles can
be found in the serum of such mice because switching is often concomitantly induced on

both lgH locl of a B cell.

[008] Incomplete allelic exclusion Is also observed in animals with functional {ransgenic
immunoglobulin locl and mutated endogenous immunoglobutin loci that can still rearrange
VDJ orVJ gene segments productively. A B-cell rearranging VH-DHJH in one or both
mutated endogenous loci may still rearrange transgenic immunoglob'uiin loci productively.
Such a B-cell expresses membrane-bound transgenic immunoglobulin and develops into a
malure B-cell. During B-cell development isofype switching in the mutated endogenous
locus may result in a B-cell expressing eridegenous immunoglobulin, Accordingly, such
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mutations are insufficient for the complete inactivation of endogenous immunogiobulin
exprassion in animals with transgenic immunoglobulin loci.

SUMMARY OF THE INVENTION

[00si A major problem associated with the production of humanized transgenic
antibodies in non-human animals has been the prefereniial productioni or co-preduction of
endogenous antibodles in the host. The current Invention solves this problem by providing
transgenie animals that harbor at least one artificlal [g locus and lack the capacity to
produce endogenous Immunoglobulin, These animals are highly useful for the production
of humanized and fully human transgenic antibodies. The methods used fo generate,such
transgenic animals are effective in many species, including species from which ES cells or
sustainable pluripotent cefls arg‘not currently readily available and in which homologous
recombination and gene knockouts are not readily done,

[0010] The present invention slems in part from the finding that a meganuclease may be
used to functionally ablate endogenous immunoglobulin locl to generate transgenic animals
useful for the production of humanized'and fully human transgenic anfibodies. Further, two
distinct meganucleases targeting distinct genomic sites may be used to effectively delete a
large portion of an immunoglobulin focus {up to several kb), thereby ensuring complete
Inactivation of the locus and further ensuring that transgenic animals carrying the germiing
mulation do not generate any B cells capable of endogenous Imrmunoglobulin preduction.

[0011] Accordingly, in one aspect, the invention provides transgenic animajs comprising at
least one artificial Ig locus and having at least one germline inactivated endogenous Ig
Iocus. The animals used in the invention are small laboratory animals, particularly birds,
rodenis and weasels. The artificial loci used in the invention comprise &t least one human
V gene segment. In a preferred embodiment, an artificial Ig locus comprises (j) 2 V-region
having at least one human V gene seament encoding a germiine or hypermutated human
V-region amino acld sequence; (i} one or more J gene segments; and (lii) one or more
constant region genes, wherein the arificial Ig locus s functional and capable of
undergoing gene rearrangement and producing a reperioire of immunoglobuiins in the

fransgenic animal.

[6042] In one embodiment, the fransgenic animal comprises an inactivated endogenous Ig
heavy chain locus. In a preferred embeodiment, the transgenic animal has both
endogenous Ig heavy chain loci inactivated and accordingly does not carry a functional
endogenous Ig heavy chain locus,



[0013] in one embodiment, the transgenic animal comprises an inactivated endogenous ig
light chain locus. In a preferred embodiment, the transgenic animal has both endogenous
Ig light chain loci inactivated and accordingly does not carry a functional endogenous Ig

tight chain locus.

[0014] In a preferred embodiment, the fransgenic animal lacks a functional endogenous Ig
heavy chain locus and a functional Ig light chain locus.

(0018} In one embodiment, the transgenic animal comprises at least one artificial Ig heavy
chain locus. [n one embodiment, the transgenle animal lacks a funcilonal Ig light chaln
locus and comprises at [east one artificlal Ig heavy chain locus. ) )

[6016] In one embodiment, the transgenic animal comprises at least one arlificial Ig light

chain locus.

[0017] In one embodiment, the lransgenic animal comprises at Jeast one artificial ig heavy
chaln locus and at least one artificial ig light chain lacus.

[0018] In a preferred embodiment, arlificial Ig loci ars funclional and capable of
undergoing gene rearrangement and producing a repertoire of immunogiobulins in the
transgenic animal, which reperloire of immunaglobuiins includes immunoglobuiins having a

human idiotype,

[0019] In one embodiment, one or mare constant region genes of the artificial ig loci
comprise at least one non-human constant region gene and are functional and capable of
undergoing gene rearrangement and producing a repertoire of chimerlc immunoglobulins in
the transgenic animal, which reperioire of chimeric immunoglobulins includes chimeric
immunoglobulins having a human idlotype.

{0020] In one embodiment, one or more constant region genes of the artificial ig loci
comprise at least one human constant region gene and are functionat and capable of
undergoing gene rearrangement and producing a repertaire of immunoglobulins in the
transgenlc animal, which repertoire of immunoglobulins includes immunoglobulins having a
human Idiotype and human conslant region.

[0021] In one aspect, the invention provides descendants of iransgenic animals of the
Invention. In a preferred embodiment, descendants comprise at least one artificial Ig locus
and have at [east one germline inactivated endogenous Ig locus.



[0022] In one aspect, the invention provides transgenic animals capable of generating
viable germ cells having al least one endagenous [g locus that is inactivated.

[0823] In ane embediment, such transgenic animals comprise a genomic meganuclease
expression consiruct, preferably a construct having an inducible expression control region
operably Jinked to a meganuclease-encoding nucleic acid, whereln the encoded
meganuclease recognizes a meganuclease target sequence prasent in or proximal to an
endogencus g Jocus of the transgenic animal, When the transgenic animal is sexually
mature and comprises viable germ cells, and the genomic meganuclease expression
construct may be used o inactivale the targeted endogenous Ig locus in such germ celis, in
vitro or in' vivo, without compromising the viability thereof, ensuring F1 animals carrylng a
germline mutation in an Ig locus may be derived therefrom.

[0024] In one embodiment, the transgenic animal further comprises at least one atlificial Ig

locus,

{0025] In one aspect, the invention provides lransgenic animals comprising viable germ
cells wherein at least one endogenous lg locus is inactivated. in one embodiment, the
transgenic animal further comprises at least one alificlal [g locus,

[0026) In one aspect, the invention pravides methods for producing transgenic animals of

the invention.

100273 In one embodiment, the invention pravides methods for producing transgenic
animals comprising at least one artificial g locus and having 2t [east one gertmline
Inactivated endogenous Ig locus. In a preferred embodiment, the {ransgenic animal is
nullizygous for endogenous |g light chain and/or endogenous lg heavy chain.

[0028] Preferably, #n endogenous Ig locus is inactivaled in a parent germ celi, or the germ
cell of a predecessor, by expression of a meganuclease therein. The methods comprise
producing a meganuclease in the germ cell, wherein the meganuclease recognizes a
meganuclease target sequence present in or proximal to an endogenous ig focus and
selectively nactivates the targeted Ig locus in the gem cell thereby producing a viable
germ cell having at least one inactivated endogenous Ig locus. Such a germ cell having at
least one inactivated endogenous Ig locus is used to produce an animal having at least.one
germline jnactivated endogenous g locus. In one embodiment, the germ cell, or that which
It is combined with, comprises at least one adificial Ig heavy chain locus. In one
embodiment, the germ cell, or that which it Is combined with, comprises at [east one
artificial Ig light chain locus. In one embodiment, the germ cell, or that which it Is combined



with, comprises at least one artificial ig light chain locus and at least one artificlal Ig heavy

chain locus.

[0029] [n one embodiment, the methods involve introducing a meganuclease expression
consfruct or meganuclease-enceding nucleic acid info the germ cell.

[0030] In a preferred embodiment, the germ cell cemprises a genomlc meganuclease
expréssion construct, which comprises an expression control région operably linked to a
meganuclease-encoding nuclelc acld. [n a preferred embodiment, thie germ cell comprises
an inducible genomic megarnuclease expression construct and the methods involve
inducing expression of the meganuclease-encoding nucleic acld in the germ cell, Inone
embodiment, the methods involve repesating the step of inducing expression of the

' megaﬁuclease-encoding nucleic acld in the germ cell. In one embodiment, induction is
dene in vive, [n ancther embodiment, induction is done in vitro. In ane embodiment, the
germ cell comprises a genomic meganuclease expression construct, which comprises an
expression control region that exhibits germ cell-specific activity.

[0031] Resultant germ cells may be used fo generate an F1 animal having at least one
germline inactivated endogenous Ig locus. The F{ animal may comprise one or more
arllficial Ig loci or may be crossed in ordsr to generate such animals comprising at least one

arlificial Ig focus.

[0032] [n an aliernative embodiment, the method involves introducing a meganuclease
expression construct or meganuciease-encoding nuclele acid into a fertilized oocyle or
embryo and generating a viable germ cell having at least one inactivated 1g locus in the
resultant founder animal. The founder animal can be used to generaie an F1 animal having
at least one germling inactivated endogenous Ig locus. The £1 animal may comprise one
or more artificial 1g loci or may be crossed in order to generate such animals comprising at

least one artificial Ig locus.,

[0033] In one embodiment, the meganuclease {arget sequence is present in or proximal to

aJ gene segment,

[0034] in one embodiment, the meganuclease target sequence is present in or proximal to
an immunoglobulin constant region gene segment. In a preferred embodiment, the
constant reglon gene encodes immunoglobuiin .

J0035] [n one embediment, the methods involve screening germ cells for viability and
inactivation of an endogenous Ig locus. In one embodiment, the methods involve screening
germ cells for the presence of an artlficial 1g locus.
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[0036] In methods herein, the crossing of animals is preferably between animals having
inactivated endogenous loci, fo generate animals that are nulllzygous for endogencus 1g

light chain andfor endogenous Ig heavy chain.

[0037] In a preferred embodiment, the methods further comprise the use of a second '
meganuclease. The second meganuclease recognizes a second meganuclease target
sequence present in or proximal to the endogenous Ig locus and sefectively cleaves the
endogenaus Ig locus together with the first meganuclease but at a site distinct from that of
the first meganuciease, thereby inaclivating at least one endogenous Ig locus.

[0038] in a preferred embodiment, the germ cell comprises a second genomic
meganuclease expression construct, which comprises an expression conirol region
operably linked to a second meganuclease-encoding nuclele acid. In a prefered
embodiment, the expression control region is an inducible expression control region, and
the method further comprises inducing eXpression of the second meganuclease-encoding
nucleic acid In the germ cell, whereby the encoded second meganuclease is produced and,
together with the first meganucleass, selectively inaclivates the targeted lg locus In the
germ cell. In one embodiment, the methods involve repealing the step of inducing
expression of the second meganuclease-encoding nucleic acid in the germ cell. In one
ermbodiment, induction is done invive, In one embodiment, induction is done in vitro. In
one embodiment, the second genomic meganuclease expression construct comprises an
expression conlrol region that exhibits germ cell-specific activity.

[0039} in an alternalive embodiment, the methods involve introducing a second .
meganuclease expression conslkruct or second meganuclease-encoding nucleic acid into

the germ cell.

[0040] In an alternative embodiment, the methods involve Introducing a second
meganuclease expression construct or second meganuciease-encoding nucleic acid into a
fertllized oocyte or embryo and generating a viable germ cell having at least one inactivated
Ig locus in the resultant founder animal. The founder animal can be used {o generate an F1
animal having at least one germiine inactivated endogenous Ig locus. The F1 animal may
comprise one or more arlificial lg loci or may be crossed in order 1o generate such animals
comprising at |zast one artificial lg locus.

[0041) na preferred embodiment, the first and second meganucleases targel J gene
segments. In one embodiment, the first and second meganuclease larget sequences are,
taken together, upstream and downstream of one or more J gene segments within the
endogenous Ig locus, and cleavage by the first and second encoded meganucleases
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produces deletion of a genomic DNA segment comprising the ene or more d gene
segments.

[0042] In another embodiment, the first and second meganucleases target constant region
gene segments. in one embodiment, the first and second meganuclease farget sequences
are, taken together, upstream and downstream of one or more immuneglobulin constant
region gene segments, and cleavage by the first and second encoded meganucieases
produces deletlon of a genomic I5NA segment comprising the one or more immunoglobulin
constant region gene segmenis. In a preferred embodiment, the constant region gene

encodes immunoglobulin L.
1
[0043] In methods herein, the arfificial loci used comprise at [east one human V gene

segment. In a preferred embodiment, an artificial Ig locus comprises {i) a V-region having
at least one human V gene segment encoding a gemline or hypermulated human V-region
amino acid sequence; (ii} one or more J gene segments; and {iii) one or more constant
region genes, wherein the artificial Ig locus is functional and capable of undergoing gene
rearrangement and producing a reperioire of immunoglobuling in the transgenic animal.

[00443 in one embodiment, at least one ariiflcial Ig heavy chaln locus is incorporated info
the genome of a fransgenic animal of the invention. In one embodiment, the iransgenic

animal lacks a functional Ig light chain locus,

{00451 In one embediment, at least one artificial Ig light chain locus Is incorporated into the
genome of a fransgenie antmal of 1he invention.

[0048] In one embodimenit, at least one artificial Ig heavy chain locus and at least one
artificial Ig light chain focus are incorporated into he genoree of a fransgenic animal of the

invention,

[0047] [n a preferred embodiment, artificial Ig loc] are functional and capable of
undergoing gene rearrangement and producing a repertolre of immuncglobulins in the
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having 2

human idiotype.

[0048] In one embodiment, one or mose constant region genes of the arificial Ig loci
comprise at least one non-human constant region gene and are functional and capable of
undergoing gene rearrangement and producing a repertoire of chimerit immunoglobulins in
the {ransgenic animal, which repertoire of chimeric immunoglobuling includes chimeric
immunoglobulins having 2 human idiotype,



[0049] In one embodiment, one or more constant region genes of the artificial Ig loci
comprise at [east one human constant region gene and are functional and capable of
undergoing gene rearrangement and producing a repertoire of immunoglobulins in the
transgenic animal, which repertoire of immuncglobulins includes immunoglobulins having a
hurnan idiotype and human constant region.

[0050] In one embadiment, the methods of making a transgenic animal of the invention
comprise crossing a transgenic animal having at least one gemline inactivated
endogenous lg locus with a second transgenic animal having at Jeast one artificial Ig locus,
which locus comprises (i) a V-region having at least one human V gene segment encoding
a germline or hypermulaied hu‘man \/region amino acid sequence; (i} one or more J gene
segments; and (i) one or more constant region genes, o produce an F1 {ransgenic animal,
wherein the F1 transgenic animal comprises the -at least one artificial Ig focus of ihe second
transgenic animal, and wherein the artificial Ig locus from the second transgenic animal is
functional and capable of undergeing gene rearrangement and producing a reperioire of
immunoglobulins in the F1 transgenic animal, The crossing may be done by animal
breeding or by otherwise combining éametes. including in vitro manipulations.

[0051] In one embediment, 1he second transgenic animal comprises at least one artificial

Ig heavy chain locus,

[0052] In one embodiment, the second {ransgenic animal comprises at least one artificial
ig light chain locus,

[0053] In one embodiment, the first and second transgenic animals lack a functional Ig
light chaln Jocus, and the second transgenic animal comprises ah arfificlal g heavy chain
locus. The animals may be crossed {o progduce an F1 that lacks a functional Ig light chain
locus and comprises an arfificial lg heavy chain locus.

[0054] In one embodiment, the second transgenic animal comprises af least two artificial
lg ioci, Including at least one artificial Ig heavy chain locus and at Jeast one artificial Ig light
chain locus. In one embodiment, the artificial ig locl of the second transgenic animal are
functional and capable of undergoing gene rearrangement and producing a repertoire of
immunoglohulins in the F1 transgenic animal, which repertoire of immunoglobulins includes
immunoglobulins having a human idiotype. In ene embodiment, one or more constant
reglon genes of the artificial Ig loci of the second transgenic animal comprise at least one
non-human constant region gene and are functional and capable of undergoing gens
rearrangement and producing a repertaire of chimeric immuneglobulins in the F'l.
transgenic animal, which repertoire of chimeric immunoglobulins includes chimeric
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immunoglobulins having a human idiotype. in one embodiment, one or more constant
region genes of the artificial 1g loci of the second transgenic animal comprise at least one
human constant region gene and are functional and capable of undergoing gene
rearrangement and producing a repertoire of immunoglobulins in the F4 transgenic animai,
which reperioire of immunaglobuling includes immunoglobulins having a human idiolype
and huthan constant region.

[o085] Similarly, in one embodiment, the methods comprise crossing @ second transgenic
animal having at least one artificial |g locus with a transgenic arimal of the invention that is
capable of generating a viable germ cell having at least one endogenous Ig Jocus that is
inactivated. [n a preferred embodrmiant. the second transgenic animal comprises at least
two arificial Ig foe, including at least one artificial Ig heavy chain locus and af least one

artificial Ig light chain locus.

[0086] In one embodiment, the methods comprise introducing at least one artificial Ig
tocus into a germ cell having at least one endogenous ig locus that has been, or is capable
of being jnactivated by the activily of one or more meganucleases, whergin the at ieast one
artificial Ig locus comprises (i) a V-reglon having at Jeast one human V gene segment
encoding a genmnline or hypermutated human V-region amine acid sequence; (i) one or
moare J gene segments; and (jii} one or more constant region genes, wherein the artificial Ig
locus is functional and capable of undergoing gene rearangement and producing a
repertoire of artificial immunoglobulins in a transgenic animal derived from the germ cell,
The methods further comprise deriving an F1 transgenie animal comprising at least one
artificial Ig locus and having at least one germline inactivated endogenous Ig locus that has
been [nactivaied by the action of one or more meganucleases from the germ cell so

producsd.

[0057] In one embodiment, the at least one artificiai Ig locus includes at least one artificial
Ig heavy chain locus.

{0058] In one embodiment, the germ cell lacks a functional Ig light chain locus and the
arfificial Ig locus introduced into the germ cell is an Ig heavy chain locus.

[0058] In one embodiment, the at least one artificial Ig locus includes at least one artificial
lg light chain locus.

[0080] In a preferred embadiment, at least two artificial loci are introduced into the germ
cell, including at feast one artifieial Ig heavy chain locus and at least one artificlal Ig light
chain locus, [n one embodiment, the artificial lg loci are functional and capable of
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undergoing gene rearrangement and producing a repertoire of immunoglobulins in the
derived F1 transgenic animal, which repertoire of Immunoglobulins includes
immunoglobulins having a human idiotype. In one emboediment, one or more constant
region genes of the ariificial Ig loci comprise at least one non-human constant region gene
and are functional and capable of undergolng gene rearrangement and producing a
repertoire of chimeric immuncglobulins in the derived F1 {ransgenic animal, which
repertoire of chimeric immunoglobulins includes chimeric iImmunoglobuling having a human
idlotype. [n one embodiment, one or more constant region genes of the aitificial Ig loci
comprise at least one human canstant region gene and are functional and capable of
undergoing gene reatrangement and prod'ucing a reperioire of immunoglobulins in the
derived F1 fransgenic animal, which repertoire of immunoglobulins includes
immunoglobulins having a human Idiotype and human constant region.

[6061] In one embodiment, the methods Involve screening germ cells for viability and
inacivation of an endogenous lg locus. In one embodiment, the methods involve screening )

germ cells for the presence of an arlificial Ig locus.

[0062] [n one embediment, the methods comprise introducing at least one artificial Ig
locus into a ferlilized cocyle or embryo derived from a germ cell having at least one
endogenous [g locus that has been Inacliveted, or is capable of being inactivated, by the
action of one or more meganucleases, wherein the at least one artificial Ig locus comprises
{l) a V-region having at least one human V gene segment encoding a geimiine or
hypermutated human V-region emine acid sequence; {fi) one or more J gene segments;
and (jii) ore or more constant region genes, wherein the artificlal 1¢ locus is functional and
capable of undergoing gene rearrangement and producing a repertoira of artificial
immunoglobulins in the founder transgenic animal, or a descendant thereof, derived from
the fertilized cocyte or embryo. The methods further comprise deriving from the fertilized
oocyle or embryo the founder transgenic animal, and optionally the descendant thereof, to
yield a transgenic animal comprising at least one ariificial Ig locus and having at least one
germline inactivated endogenous lg locus that has been inactivated by the aclion of ore or

more meganucleases.

[0063] In one embediment, the at least one artificial 1g Jocus includes at least one artificlal
{g heavy chain locus.

{0064] In one embodiment, the at feast one artificial Ig locus includes at [east one artificial
Ig light chain locus.
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[0065] In one embediment, the fertilized oocyte or embryo lacks a functiorial Ig light chain
locus, and the artificial 1g locus Introduced into the {ertilized oocyte or embryo is an Ig

heavy chain locus,

[0066] In a preferred embodiment, at least iwo artificial loci are introduced info the
fertifized cocyte or embryo, including at least one artificial Ig heavy chain locus and at least
one arfificial Ig light chain locus. In one embodiment, the artificlal Ig loci are functional and
capable of undergeing gene rearrangement and producing a reperioire of immunoglobullps
in the founder transgenic animal, or a descendant theseof, which §epertolre of
immunoglobulins includes immunoglobulins having a human idiotype. In ane embodiment,
one or more constant region genes of the artificlal Ig loci comprise at least one non-human
consfant region gene and are functional and capable of undergoing gene rearrangement
and preducing a repertoirs of chimeric immunoglobulins in the founder transgenic animal,
or a descendant thereof, which repertoire of chimeric immunoglobulins includes chimeric
immunoglobulins having a human idiotype. In one embodiment, ene or more constant
region genes of the artifictal Ig loci comprise at least one human constant region gene and
are functional and capable of undergoing gene rearrangement and producing a repertoire
of immunoglobulins in the founder transgenic animal, or a descendant thereof, which
repertoire of immunaoglobulins includes immunoglobulins having a human idiotype and

human constant region.

[0067] In one aspect, the invention provides methods for producing transgenic animalis
capable of generating a viable germ cell wherein at least one endogenaus |g locus is
inactivaled. In a preferred embodiment, the methods comprise generating a transgenic
animal having a genomic meganuclease expression construct, whereln the expression
construct comprises an expression control region operably linked to a meganuclease-
encoding nucleic acld. In a preferred embodiment, the construct is an inducible genomic
meganuclease expression construct that can be induced to express the megentclease-

encoding nucleic acid in a germ cell

[0068] In one aspect, the invention provides methods for producing a Iransgenlc animal
having a viable germ cell wherein at [east one endogenous Ig locus Is inactivated. The
methods comprise inactivating the endogenous Ig Tocus in the germ cefl, or in a parent
germ cell or fertilized cocyle or em}:tyo derived therefrom, by expression of a

meganuclease therein.

{0889] In one aspect, the invention provides a viable germ cell wherein at least one
endogenous Ig locus Is capable of being inaclivated. In a preferred embodiment, the germ
cell comprises a genomic meganuclease expression construct, wherein the expression
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construct comprises an gxpression control region operably Jinked {0 @ meganuclease-
encoding auclele acid. In a preferred embodiment, the construct is an inducible genomic
meganuclease expression construct that can be induced to express the meganuclease-
- encoding nuclelc acid in a germ cell,

[0070] in one embodiment, the germ cell comprises at least one arifficial Ig heavy chain

locus,

[6071] In one embodiment, the germ cell comprises at least one artificial Ig light chain

locus,

|
[0072] In one embodiment, the gemm cell comprises at least one artificial Ig heavy chaln
locus and at least one ariificial ig fight chain locts,

[0073] in one aspect, the invention provides a viable germ cell wherein at least one
endogenous lg locus s inactivaled,

[0074] In one embodiment, lhe_germ cell comprises at least one artificial ig heavy chain

locus,

[0075] In one embodiment, the germ cell comprises at least one adificial Ig light chain
locus.

j0078] Inone embddimenh ihe germ cell comprises at least one artificlal ig heavy chain
locus and at least one arlificial lg light chain locus.

[0077] [n one aspect, the invention provides methods for producing a viable germ cell
having at feast one inactivated endogenous Ig locus. The methods involve expressing at
least ore meganuclease in a germ cell, ferilized oocyle or embryo, o generate a viable
germ cell having at least one Inactivated endngenous Ig locus, The meganuclease so
expressed recognizes a meganuclease target sequence present in or proximal to said

endogenous Ig logus,

[0078] In one embodiment, wherein the meganuclease is expressed in a germ cell, the
germ cell in which the meganuclease is expressed yields a viable germ cell having at least
one inactivated endogenous [g locus. Alternatively, a viable germ cell having at least one
inactivated endogenous Ig locus may be oblained from an animal derived from the gem
cell in which the meganuclease was expressed.
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[0078] in one embodiment, wherein the meganuciease is expressed in a fertilized oocyte
or embryo, the viable germ cell having al least one inactivated endogenous Ig locus may be
obtained from an animal derived from the ferlilized oocyte or embryo in which the
meganuclease was expressed.

[00801 In one embodiment, the at least one endogenous {g locus is nactivated In vitro. In
one embodiment, the at least one endogenous Ig locus is inactivated in vivo,

[0081] In one embodiment, the germ cell furtier comprises at least one artificlal (g locus,
In one embodiment, the at least one artificial Ig locus includes at least one artificial Ig heavy
chain locus.In one embodiment, the at least one arlificial Ig locus includes at least one
artificial Ig light chain locus,

[6082] In one embodiment, at least two artificlal Ig loci are Introduced into the germ cell,
including at least one arlificial Ig heavy chain locus and at least one aiificiat Ig light chain

locus.,

[0083] The Invention also provides polyclonal anlibodies, monoctonal antibodies,
hybridomas, and methods of making and using the same, which stem from the production
of antibodies in {he presently disclosed transgenic animals carsying one or more artificial
loct and having one or more endogenous lg loci inactivated by way of meganuclease

activily.

[0084] in one embodiment, the anfibodies are heavy chain-only antibodies, which are
produced using transgenic animals which lack a functional Ig light chain locus and
comprise an artificial heavy chain locus, achleved by meihods described hereln.

[0085] In one aspect, the invention provides methods for producing antipodles uslng
transgenic animals provided herein. The methods comprise immunizing a transgenic
animal of the invention, which animal has at least one inactivated endogenous Ig locus and
carfies at least one arlificial Ig locus as described herein, with an immtinogen. In a
preferred embodiment, 1he transgenic animal is nullizygous for endogenous Ig heavy chain
and/or endogenous lg light chain and, accordingly, incapable of producing endogenous
immunoglobulins. In one embodiment, {he transgenic animal lacks a funclional Ig light
chain locus and comprises an artificial Ig heavy chain locus,

{0086} In one aspect, the invention provides polycional antisera compositions so
produced. Polyclonal antisera of the invention preferably comprise anfibodies having a
human idiotype. In a preferred embodiment, a polyclonal antiserum comprises antibodies
that consist essentially of antibodies having a human idiotype.
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[0087] In one aspect, the invention provides methods for producing monoclonal

antibodies,

[0088] in one embodiment, the methods comprise (i) immunizing a transgenic animal of
the Invention, which animal has at least one inactivated endogenous ig locus and carries at
least one artificial Ig locus as described herein, with an immunogen; (i) isolating a
monoclonal antibody preducing cell from the {ransgenic animal wherein the monoglonal
antibody producing cell produces a monocfonal antfbody that specifically binds fo the
immunogen; and (iii) using the monoclonal antibody producing cell to produce the
monacional antibody that specifically binds fo the immusnogen, or using the monoclonal

_antibody producing cell to produce a hybridoma celt that produc'es the monaclonal anlibody
and uslng the hybridorna cell lo produce the monoclonal antibody.

[0989] In one embodiment, the methods comprise (i) immunizing a transgenic antmal of
the invention, which animal has at least one Inactivated endogenous Ig locus and carries at
least one artificial Ig locus as described herein, with an immunogen; (i} isolating a
monacional antibody producing cell from the transgenic animal wherein the monoclonal
antibody producing cell produces a monoclonal antibody that specifically binds 1o the
immunogen; (i) isofating from the monaclonal antibody producing cell 2 monocional
antibody nucleic acid which encodes the monoclona) antbody that specifically binds to the
immunogen; and (iv) using the monoclonal antibedy nucleic acid to produce the monocional

antibody that specfifically binds to the immunogen.
{00801 In a preferred embodiment, the monoclonal antibody has a human idiotype.
[0091] In one aspect, the invention provides moneclonal antibadies so produced.

[0082] In one aspect, {he invention provides isolated nucleic acids encading such

meonocional antibodies.

[0093] In one aspect, the invention provides methods for producing fully human
monoclonal antibodies. The methods comprise (i) immunizing a transgenic animal of the
invention, which animal has at [east one inactivaled endogenous Ig locus and carries at
least one artificial Ig locus as described herein, with an immunocgen; (i} isolating a
monaclonal antibody producing ceil from the transgenic animal wherein the monoclonal
antibody producing cell produces a monoclonal antibody that specifically binds 1o the
Immunoger; (iit} [solating from the monoclonal antibody producing csll 2 monocional
antibody nucleic acid which encodes the monoclonal anlibady that specifically binds to the
immunogen; (iv) modifying the monecional antibody nucleic acid to produce a recombinant
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nucleic acid encoding a fully hurman monoclonal anfibody; and (v) using the recombinant
nuclelc acid encoding a fully human monoclonal antibody to produce the encoded fully

human mornoclonal antibody.

[0084] In one aspect, the invention provides fully human monoclonal antibodies so
produced,

8095} [n one aspect, the invention provides recombinant nucleic acids encading fully
human monoclonal antibodies, and methods of producing the same.

[0098] In one embodiment, an immunogen used in methods herein comprises a disease-
causing organism or antigenic portion thereof.

[0097] In one embodiment, an immunogen used in methods herein is an antigen
endogenous to humans. In an alternative embodiment, an immunogen used in methods
hereln Is an antigen exogenous o humans,

{0098} In one aspect, the Invention provides methods for neutralizing or modulating the
activity of an antigenic entily in a human body component. In one embodiment, the
methods comprise contacting the body component with a polyclonal antisera compositicn
of the invention, whereln the pofyclonal antisera composition comprises immunoglobulin
molecules that specifically bind to and neutralize or modulale the activity of the antigenic

enlity.
{00839] in one embodiment, the methods comprise contacting the body component with a

monoclonal antibody of the invention, wherein the rmonoclonal antibody specifically binds fo
and neulralizes or modulates the activity of the antigenic entity.

[00100] In a preferred embodiment, the monoclonal antibody is a fully human monocienal

antibody.

[00101] In one embodiment, the antigenic entity is from an organism that causes an
infectious disease.

[00102] Jn one embodiment, the antigenic entity is a cell surface molecule.

[00403] In one embodiment, the anfigenic entity is a human cytokine or 2 human

chemokine,

[060104] in one embodiment, the antigenic entity is a cell surface molecule on a malignant

cancer cell.
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{06105] In one aspect, the invention provides cells derived from transgenic animals of the

invention.

[00106] In a preferred embodiment, the invention provides cells derived from the spieen of
transgenic animals of the invention.

100107} In 5 preferred embodiment, the invention provides B cells detived from transgenic
animals of the invention, which B cells are capable of producing antibodies having a human

idiotype,

[00108] In a preferred embodIment, the invention provides germ cells derived from
fransgenic animals of the invention.

[00108} In one aspect, the invention provides methods for making hybridomas capable of
producing antibodies having a human idiotype. The methods comprise the use of cells
derived from transgenic animals of the invention.

[06110][n one aspect, the invention provides hybridomas so produced,

[00111]In one aspect, the invention provides antibodies having a human idiolype, which
antibodies are produced by a hybridoma of the invention,

[00112] In one aspect, the invention provides pharmaceutical compositions comprising an ’
antibody of the invention, which aniibody has a human idiotype.

{00113] In one aspect, the invention provides methods of trealing a patient in need of
trealment, comprising administering a therapeutically effective amount of a pharmaceutical

composition of the invention {o the patient.
- BRIEF DESCRIPTION OF THE DRAWINGS

001141 Figure 1 shows a schematic representation of an artificial heavy chain consisting of
a human V-, D, and J-reglon, a rat intronic €nhancer and severa] artificial constant region
genes, Artifitial constant region genes contain exons encoding a human CH1 domain and
rat CH2,3 and 4 domains. Membrane spanning and cyloplasmic polypeptide sequences are
encoded by rat exons. )

[00115] Figure 2. Schematic of the interaction of 1-Scel and DNA at 3' end of recognition

sequence.
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[001186] Figure 3. Schematic of the Interaction of the 5 end of the [-Scel recognition
sequence with 1-Scel.

[00117] Figure 4. Schemafic of sequence recognition mechanism of I-Crel (from Nucleic
Acids Res., 34, 4791-4800),

[00448] Figure 5. Schematic diagram of the slrategy for altering recognition sequence of -
Crel.

[00118] Figure 6, Zinc-finger protelns (ZFP) designed agalnst sequences encoding rat IgM
were expressed In cells, chromosomal DNA was prepared, and the appropriate region of
the IgM locus was PCR amplified. Reaction products were analyzed by polyacrylamide gel
eleclrophoresis, The figure shows a fypical example demonstrating cleavage acfivity,

DETAILED DESCRIPTION OF THE INVENTION

. [00120} By “artificial immunoglobulin locus” is meant an immunoglabulin locus comprising
fragments of human and non-human immunoglobulin locj, including multiple
immunoglobulin gene segments, which include at leasl one variable region (V} gene
segment, one or more J gene segments, one or more D gene segments in the case of a
heavy chain locus, and one or more constant regioh gene segments, In the present
invention, at least one of the V gene segments encades a germline or hypermutated human
V-region amino acid sequence. |n a preferred embodiment, an artificlal immunoglobulin
locus of the invention Is functional and capable of rearrangement and producing a
repertoire of immunoglobulins, In a preferred embodiment, at least one D gene segment is
a human D gene segment, "Artificial [g locus™ as used herein can refer to unrearranged
loci, pariially rearranged loci, and téarranged loci. Astificlal 1g loc! Include artificial Ig light
chain loci and artificial Ig heavy chain loci. In one embodiment, an artificial Ig locus
comprises a non-human C region gene and is capable of producing a repertoire of
immunoglobulins including chimeric immunaglobuling ha{ving a non-human C reglon, In
one embodiment, an artificial Ig locus comprises a human C region gene and is capable of
producing a reperioire of immunoglobulins including immunoglobulins having 2 human C
region. In one embodiment, an artificial Ig locus comprises an *artificial constant region
geng”, by which is meant a constant region gene comprising nucleotide sequences derjved
from human and non-human constant regions genes. For example, an exemplary ariificial
C constant reglon gene is a constant region gene encoding a human 196G CH1 domain and

rat igG CH2 and CH3 domeain.
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[00121] in some embodiments, an artificial Ig heavy chaln locus lacks CH1, oran
equivalent sequence that allows the resultant immunoglobulin to circumvent the typical
immunoglobulin: chaperone association. Such artificial loci provide for the production of
heavy chain-only antibedies In transgenic animals which fack a functional Ig fight chain
Jocus and hence do not express functional Ig light chain, Such artificial Ig heavy chain loci
are used in methods herein to produce transgenic animals Jacking a functional Ig light chain
locus, and comprising an artificial Ig heavy chain locus, which animals are capable of
producing heavy chain-only antibodies, Allernalively, an artificial lg locus may be
manipulated in situ fo disrupt CH1 or an equivalent region.and generate an arificial Ig
heavy chain locus that provides for the production of heavy chaln-only antibodies. |
Regarding the production of heavy chain-only antibodies in light chain-deficient mice, see
for example Zou et al,, JEM, 204:3271-3283, 2007,

[00122] By “human idictype" is meant a polypeptide sequence present on & human
antibody encoded by an immunoglobulin V-gene segment. The term “human idiolype” as
used herein includes both naturally occurring sequences of a human anlibady, as well as
synthetic sequences substantially identical to the polypeptide found in naturalfy occurring
human antibodies. By "substantially” is meant that the degree of amino acid sequence
identity is at least about 85%-95%. Preferably, the degree of amino acid sequence kientity
Is greater than 90%, more preferably greater than 85%.

[06123] By a "chimetic antibody" or a “chimeric immunoglobulin® is meant an
immunoglobulin molecule comprising a portion of 2 human immunoglobulin polypeptide
sequence (or a polypeplide sequence encaded by a iuman Ig gene segment) and a portion
of a nop-human Immunoglobulin polypeptide sequence. The chimeric immunoglobulin
molecules of the present invention are Immunoglobulins with non-human Fe-regions or
artificial Fe-regions, and human idiotypes. Such immunoglobuiins can be isolated from
anirnals of {he invention that have been englneered to produce chimeric immunoglobulin

molecules.

[00124] By “arlificial Fc-reglon* is meant an Fe-region encoded by an arfificial canstant

region gene,

[00125] The term “lg gene segment” as used herein refers to segments of DNA encoding
various portions of an Ig molecule, which are present in the germline of non-human animals
and humans, and which are brought together in B cells to form rearranged !g genes. Thus,
lg gene segments as used herein include V gene segments, D gene segments, J gene

segments and C region gene segments.
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[00126] The ferm "human lg gene segment” as used herein includes both naturally
occurring sequences of a hiuman lg gens segment, degenerate forms of paturally occurring
sequences of a human Ig gene segment, as well as synthetic sequences that encode a '
polypeptide sequence substantially identical to the polypeptide encoded by a naturally,
occurring sequence of a human Ig gene segment. By “substantially” is meant that the
degree of amino acid sequence identity is at least about 85%-96%. Preferably, the degree
of amino acld sequence identity is greater than 80%, more preferably greater than 95%.

[00127] By “meganuclease” is meant an endodeoxyribonuclease that recognizes long
recognition sites in DNA, preferably at least 12, more preferably af least 13, more
preferably at least 14, more preferably at least 15, more preferably at least 18, more
preferably at least 17, and most preferably at least 18 nucleotides In length,
Meganucleases include zinc-finger nucleases, naturally occurring homing endonucleases
and custom enginesred zinc-finger nucleases and homing endonucleases. What Is
required for use in ihe invention Is that the meganuclease recognize a meganuclease target
sequence present in or proximal to an endogenous Ig locus in the subject animal such that
a functional mutation may be intreduced in the lg locus by the action of the meganuclease.
For more discussion of meganucleases, see, for example, U.S. Patent Application
Publication Nos, 20060206349, 20060153828, 20040002092, 20060078552, and

20050064474,

)

{00128] Zinc-finger nucleases with altered specificity can be generated by combining
Individual zinc fingers with different triplet targets. The specificily of naturally oceurring
homing endonucleases can be altered by structure-based pratein engineering. For
example, see Proteus and Carroll, nature biotechnefogy 23(8).967-97, 2005.

[00428] An animal having a “germline inactivated Ig locus®, or “germline Inactivated
endogenous Ig locus”, or “germiine mutation in an endogenous Ig focus”, has an nactivated
endogenous lg locus in every cell, i.e., every somatic and germ cell. In the present
invention, animals having germline inactivated loci are produced by mutation, as effected
by the action of a meganuclease in a germ cell which gives rise to the resultant animal, or a

predecessor thereof,

[00130] Froduclion of Viable Germ Cells and Transgenic Animals Having Inactivated

Endogenous Ig Loci

100131} In the present invention, meganucleases are used to inactivate endogenous [g loci
so as to produce viable germ cells having at least one inactivated endogenous Ig locus.
The methods involve expressing at least one meganuclease in a germ cell, fertilized oocyte
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or embryo, to generate a viable germ cell having at feast one inactivaied endogenous Ig
locus, The meganuclease so expressed recognizes a meganuclease target sequence
present in or proximal to an endogenous lg locus in the subject animal.

{00732]1n one embodiment, wherein the meganuciease is expressed in a germ cell, the
germ cefl in which the meganuciease is expressed yielSs a viable germ cell having 2t feast
one Inactivated endogenous Ig locus. Alternatively, a viable germ cell having at least one
Inactivated endogenous [g locus may be obtained from an animal derived from the germ

cell in which the meganuclease was expressed.

[00133] In one embodiment, wherein the meganuclease is expressed in a fertilized oocyte
or embryo, the viable germ cell having at least one inaclivated endogenous Ig locus may be
obtained from an animal dezived from the ferilized cocyle or embryo in which the ‘

meganuclease was expressed.

[00134] The invention also provides methods for producing transgenic animals comprising
at \zast one germtine inactivated endogenous Jg locus. The methods comprise denving a
transgenic animal from a viable gemm cell having at least one inactivated endogenous Ig
locus produced according to the methods hereln.

[00135] In one embodiment, the viable germ cell having at least one inactivated
endogenous Ig locus further comprises an arlificial Ig locus, and the transgenic animal so

produced comprises an artificial Ig locus,

[001361Jn one embodiment, the methods further comprise introducing an artificlal Ig Joeus
into the viable germ cel! having at least one inaclivaled endogenous Ig locus, or a germ czll
descendant thereof aor a fertilized oocyte or embryo derived therefrom, and the {ransgenic
animal so produced comprises an ariificial Ig locus.

[00137] In one embodiment, the methods comprise combining a visble germ cell having at
least one inactivated endogenous ig locus, or a germ cell descendant thereof, with a
gamete comprising an artificial Ig locus, and the fransgenlc animal so produced comprises

an artificial Ig locus.
[00138] Inactivation of endogenous Ig foci

[00138] Inactivation of endogenous Ig loct is done using meganucleases specific for
Immunoglobulin gene fragments in heavy and/or light chain loci endogenous to the subject
animal. In one embodiment double-strand breaks may be induced by injection of a
meganuclease into germ cells, fertilized oocytes or embryos. Alternatively, expression
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vectors or nucleic acid encoding a meganuclease and capable of being expressed in germ
cells, ferlilized oocytes or embryos may be injected into the same.

006140} In one embodiment, the method invoives transfecting germ cells, which may
include precursors thereof such as spermatagonial stem cells, in vitro or in vivo with 2
meganuclease encoding nuclelc acld or expression construcl. For example, see Ryu et al,,
J. Aridrol., 28:353-360, 2007; Orwig et al., Biol. Report, 67:874-878, 2002.

[00141]1In a preferred embodiment, a meganuclease expression construct is integrated into
the genome of {he subject animal, Expression of the transgene encoding the
meganuclease in gemm celis will result in double-strand breaks in endogenous Ig loci and
subseguent mutation of the restriction site, Mating of such transgenic animals results in
offspring with mufatedfinactivated immunoglobulin focl.

[00142]In a highly preferred embodiment of the present invention, a regulatable
meganuclease expression construct is integrated into the genome of the subject animal,
which regulatable construct is inducible in germ cells. Such constructs provide for
minimization of cyloloxic effects associated with expression of a particular meganuclease
through controlled expression via inducible promoters, e.g., ieat-inducible promoters,
radiation-inducible promoters, tetracycline operon, hormone inducible promoters, and

' promoters inducible by dimerization of transactivators, and the Jike. For example, see
Vilaboa et al,, Current Gene Therapy, 6:421-438, 2006, '

[00143] Alternatively, meganuclease expression may be Induced In an embryo derived from

the germ cell

[00144] In one embodiment, a single meganuclease is expressed in a.germ cell, wherein
1he meganuclease recognizes a target sequence in or proximal to an immunaglobulin locus
endogenous to the germ cell of the subject animal. in a preferred embodiment, the
meganuclease farget sequence is in or proximal fo a J gene segment. In another preferred
embodiment, the meganuclease {arget sequence is in or proximal to an immunoglobulin
constant region gene, In a preferred embodiment, the iImmunoglobulin constant region

gene encodes immunoglobulin .

{00145] in a preferred embodiment, at least two meganucleases having distinet target
sequences are used, The at leas! two meganucleases are expressed in a germ cell,
wherein the meganucleases recognize distinct target sequences in or proximal to an
immunoglobulin focus endegenous to the germ cel) of the subject animal.
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[00148] n a preferred embodiment, the first-and second meganucleases target J gene
segments. In one embodiment, the first and second meganticlease target sequences are,
taken fogether, upstream and downsiream of ane or more d gena segments within the
endogenous Ig locus, and cleavage by the first and second encoded meganucleases

produces deletion of a genomic DNA segment comprising the ene or more J gene

segments.

f00147] In another embodiment, the first and second meganucleases target constant region
gene segmenis. In one embodiment, the first and second meganuclease target sequences
are, tak'en together, upstream and downstream of one or more immunoglobulin constant
region gene segments, and cleavage by the first and second encoded meganucleases
produces deletion of a genomic DNA segment comprising the one or more immunoglobulin
constant region gene segments. In a preferred embodiment, the constent region gene

encodes immunaglobulin .

(00148} {r: one embodiment, an enfive endogenous Ig heavy chaln andlor g light chain
locus, or large paris thereof are deleted from the genome of the subject animal. Such
animals are also referred to as comprising an endogenous locus that has been inactivated.

[00149] In one embodiment, at least one meganuclease Is used io disrupt the CH1 region
of an endogenous Ig heavy chaln locus, leaving the remainder of the locus intact and
capable of pfoducing an |g heavy chain that circurmvenis the typical
immunoglobulin:chaperone association, Preferably, this CH1 targeting is done in an animal
lacking a functional ig light chain Iocu_s. Such fargeting in such animals is useful for
producing heavy chain-only antibodies.

{00150} in one embodiment, more than one meganuclease is used to target CH1{ within the
ig heavy chain locus,
[00161] In one embodiment, two meganucleases recognizing adjacent sites are used. In

one embodiment, the sites are elements of a palindrome. [n ore embodiment, the two
megantcleases are tethered by a linker.

f00152] In preferred embodiments, the breeding sirategies used are designed to obtain
animals that are nullizygous for endogenous Ig light chain and/or endagenous g heavy

chain,

[00153] Transgenic animals comprising regulstable genomic meganuclease expression
consiructs
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{00154} in one aspect, the invention provides transgenic animals comprising ot least one
regulalable genemic meganuclease expression construct,

[00155] The transgenic animals are selected fram small laboratory animals, particutarly
blrds (chicken, turkey, quail, duck, pheasant or goose and the like), rodents {e.g., rals,
hamsters and guinea pigs), and weasels (e.g., ferrets).

[00158] In a preferred embodiment, the regulatable genomic meganuclease expression
construct comprises an inducible expression control reglon eperably linked lo a
meganuclease-encoding nucleic acid. The inducible expression control region is inducibly
functional in a2 germ cell of {he particular transgenic animal, and the encoded
meganuclease is selective fora meganuclease target sequence situated int or proximal to
an endogenoils immunaoglobulin locts of the subject animal,

[00157] A regulatable meganuclease expression construci provides for minimization of
cytotoxic effects associated with expression of a particular meganuclease through
controlled expression via Inducible promoters, .g,, heat-induclble promoters, radiation-
inducible promoters, tetracycline operon, hormene inducible promoters, and promoters
inducible by dimerization of transactivators, and the like. :

[00158] In a preferred embodiment, a transgenic animal of the invention comprises two
regulatable gendémic meganuclease expression constructs, comprising two distinet nucleie
acids encoding two distinct meganucleases that recognize two distinct target sequences.
The wo meganucleases in combination function to delete a genomic DNA segment of an

endogenous Ig jocus and thereby inactivate the same.

[00158] Transgenic animals eomprising zat least one regulatable genornic meganuclease
expression construct may be made by means well known in the at. For example, a
transgenic vector containing an inducible expression control region operably linked {o a
meganuclease-encoding nucleic acid may be intreduced into a recipient cell or cells and
then Integrated Into the genome of the recipient cell or cells by random integration or by

targeted integration.

[00180] For random integration, such a transgenic vector can be infraduced into a reciplent
cell by standard transgenic technology, For example, a transgenic vector can be directly
injected into the pronucleus of a ferlilized oocyte, A transgenic vector can also be
introduced by co-incubation of sperm with the fransgenic vectar before fertilization of the
oocyle, Transgenic animals can be developed from fertilized oocyles. Ancther way fo
introduce a transgenic vector is by transfecting embryonic stem cells or other pluripotent
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cells (for example primordial germ cells) and subsequently injecting the genetically modified
cells into developing embryos. Allernatively, a transgenic vector (naked or in combination
with facilitaling reagents) can be directly injecied into a developing embrya, In another
embodiment, the fransgenic vector is infroduced into the genome of a cell and an animal is
derived from the fransfected cell by nuclear fcansfer cloning.

[ad181] For {argeted integration, such a transgenic vector can be infreduced into
appropriate recipient cells such as embryonic slem cells or already differentiated somatic
cells. Afterwards, cells in which the transgene has integrated inio the animal genome at
the targeted site by homologous recombination can be selected by standard methods. The
selected celfs may then be fused with enucleated nuclear transfer unit cells, e.g. cocytes or
embryonic stem cells, celis which are totipotent and capable of forming a funciional

" neonate. Fusion is performed in accordance with conventional techniques which are well
established. See, for example, Clbetli et al., Science (19988) 280:1256 Zhou et al. Science
(2003) 301: 1178. Enucleation of cocyles and nuclear transfer can also be performed by
microsurgery using injection pipeftes. (See, for example, Wakayama et al., Nature (1998)
394:368.) The resulting cells are then cultivated in an appropriate medium, and transferred
into synchronlzed reciplents for generating transgenic animals, Alternatively, the selected -
genetically modifted cells can be Injected Into developing embryos.

1001621 In one embodiment, a meganuclease Is used to Increase the frequency of
homologous recombination at a target site through double-strand DNA cleavage,

.[00%63] Transgenic animals comprising arlificial Ig loci and capable of producing
antibodies having human idiotypes

[00164] In one aspect, the invention provides fransgenic animals capable of producing
immunoglobulins having human idiotypes, as well as methods of making the same.

[00165] The transgenic animals used are selected from particularly birds (chicken, turkey,
qail, duck, pheasant or goose and the like), rodents (e.g., rats, hamsters and guinea pigs),
and weasels (e.g., ferrets).

[00166] The transgenic animals used for humanized antibody production in the Invention
carry germiine mutations in endogenous lg loci that have been effecied by the activity of
one or more meganucelases. In a preferred embodiment, the transgenic animals are
nullizygous for endegenous lg heavy chain andlor endogenous Ig fight chain. Further,
these animals carry at least one artificial Ig locus that is functional and capable of
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producing a reperfoire of immunoglobulin molecules in the transgenic animal. The ariificial
Ig loci used in the invention include at [east one human V gene segment.

[00167] In & preferred embodiment, the transgenic animals carry at teast one artificial Ig
heavy chain locus and at least one artificial Ig light chain locus that are each functional and
capable of producing a repertoire of immunogicbulin molecules in the transgenic animal,
which repertoire of immunoglobulin molecules includes antiboedies having a human idiotype.
In one embodiment, artificial loci including at [east one non-human C gene are used, and
animals capable of producing chimeric antitodies having a human idiotype and non-human
constant regjon are provided, In one embodiment, artificial locl Including at ieast one
human C gene are used, and animals capable of producing antibodies having a human
idiotype and human constant region are provided,

[00168] In another preferred embodiment, the transgenic animals carry at least one artificial
Ig heavy chain locus, and lack a functional Ig light chain locus. Such animals find use In
the production of heavy chain-only antibodies.

[00169] Production of such transgenic animals involves the integration of one or more
arlificial heavy chain lg loci and one or more artificial light chain Ig loci info the genome of a
transgenic animal having at least one endogenous g locus that has been or will be
inactivated by the action of one or more meganucleases. Preferably, the transgenic
animals are nullizygous for endogenous Ig heavy chain and/or endogenous Ig light chain
and, accordingly, Incapable of producing endogenous immunoglobulins. Regardless of the
chremosomal location, an arificial [g locus of the present invention has the capacity to
undergo gene rearrangement and thereby produce a diversified repertoire of
immunoglobulin molecules, An Ig locus having the capacily to undergo gene
rearrangement is also referred to herein as a “functional” Ig locus, and the antibodies with a
diversily generated by a functional Ig locus are also referred to hereln as “functional®
antibodies or a “functional” repertoire of antibodies,

[60170] The artificial loci used to generale such transgenic animals each include multiple
immunoglobulin gene segments, which Include at least one V region gene segment, one or
more J gene segments, one or more D gene segmenis in the case of a heavy chain locus,
and one ar more constant region genes. In the present Invention, at least one of the V
gene segments encodes a genmline or hypermutated human V-region amino acid
sequence. Accordingly, such transgenic animals have the capacity to produce a diversified
repertaire of immunoglobulin molecules, which include antibodies having a htiman idiotype.

26



601711 In one embodiment, the arificial loci used comprise at least one non-human C
region gene segment. Accordingly, such transgenic animals have the capacity to produce
a diversified reperioire of immunoglebulin molecules, which include chimeric antibodies

having a human idiofype.

[00172) In one embodiment, the artificial loci used comprise at least ene human G region
gene segment, Accordingly, such transgenic animals have the capacily to preduce a
diversified reperioire of immunoglobulin molecules, which inciude aniibodies having a
human idiotype and a human constant region.

[00173]In one embodiment) the artificial loc] used comprise at feast one adificial constant
region gene. For example, an exemplary attificial C constant region gene is a constant
region gene encoding a human JgG CH1 domain and rat IgG CH2 and CH3 domain.
Accerdingly, such fransgenic animals have the capacity to produce a diversified repertoire
of immunoglobulin molecules, which include antibodies having & human idiotype and an
artificial constant region comprising both human and non-human compc;'nenfs.

001741 The transgenic veclor containing an artificial Ig locus is introduced inlo the recipient
cell or cells and then inlegrateq into the genome of the recipient celf or cells by random

integration or by largeted infegration,

[00475] For random infegration, a {ransgenic vector containing an artificlal Ig locus can be
introduced into a recipient cell by standard transgenic technology. For example, a
transgenis vector can be directly injecled into the pronucleus of a fertilized oocyte. A
fransgenic vector can also be introduced by co-incubation of sperm with the transgenic
vector before ferilization of the oocyte. Transgenic animals can be developed from
fertilized oocytes. Another way to infroduce a transgenic vector is by transfecting
embryonic stem cells or other pluripotent cells (for example primordial germ cells) and
subsequently injecting the genetically madified cells into developing embryoes.
Alternatively, a transgenic vector (naked or in combination with facilitating reagents) can be
directly injected into a developing embryo. Ultimately, chimeric transgenic animals are
produced from the embryas which contain the arlificial Ig ransgene integrated in the
genome of at [east some somatic cells of the fransgenic animal. In another embodiment,
the transgenic vector is introduced into the genome of a cell and an animal is derived from

the transfected cell by nuclear transfer cloning.

[00176] In a preferred embodiment, a transgene containing an artificial Ig locus is randomiy
integrated info the genorne of recipient cells {such as fertilized oocyte or developing
embryos). The recipient cells are derived from an animal having at least one endogenous
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Ig locus that has been Inactivated by the action of one or more meganucleases.
Alternatively, transgenic animais carrylng artificial immunoglobulin loci, can be crossed with
fransgenic animals having at least one endogenous Ig locus that has been inactivated by
the action of one or more meganucleases. Regardless of the particular method used, ina
preferred embodiment, offspring that are nullizygous for endogenous lg heavy chain andfor
lg light chain and, accordingly, incapable of producing endogenous immunoglobulins and
capable of producing fransgenic immunoglobulins are obtained.

[00177] For targeled integration, a transgenic vector can be introduced info appropriate
recipient cells such as embryonic slem cells, other pluripotent cefls or already differentiated
somatic cells. Afterwards, cells it which the transgene has integrated into the animal
genome and has replaced the corresponding endogenous ig locus by homologous
recombination can be selected by standard methods. The selected cells may then be
fused with enucleated nuclear {ransfer unit cells, e.g. oocytes or embryonle stem cells, célts
which are totipotent and capable of forming a functional neonate. Fusion is petformed in
accordance with conventional techniques which are well established. See, for example,
Cibelli et al., Science (1998) 280;1256; Zhou et al. Science (2003) 301: 1179. Enucleation
of oocytes and nuclear fransfer can also be performed by microsurgery using injection
pipettes. (See, for example, Wakayama et al., Nature (1998) 394:369.) The resulting cells
are then cultivated in an appropriate medium, and transferred into synchronized recipients
for generating {ransgenic animals. Alternatively, the selected genetically medified cells can
be injected into developing embryos which are subsequently developed into chimeric

animals.

[00178])in one embodiment, a meganuciaase is used to increase the frequency of
homologous recombination at a target site through double-stcand DNA cleavage. For
inlegration intc; endogenous immunoglobulin [oc] a slte specific megantclease may be
used. In ona embodiment, a meganuclease targeting an endogenous Ig locus is used to
increase the frequency of homologous recombination and replacement of an endogenous
Ig locus, or paris thereof with an artificial Ig locus, or parts thereof.

[09178] In one embodiment, the transgenie animal lacks a funclional Ig light chain Jocus
and comprises an artificial lg heavy chain locus,

[00180] Artificial 19 Loci

[08181] The present invention is further directed to artificial Ig loci and their use in making
transgenic animals capable of producing immunoglobulins having a human idiofype.
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[00182) Each artificial Ig locus comprises multiple immunoglobulin gene segments, which
include at Jeast one V region gene segment, one or more J gene segmenis, one or more D
gene segments in the case of a heavy chain locus, and one or more constant region genes,
In the present invention, at least ons of the V gene segments encedes a gemiline or
hypermutated human V-region amino acid sequence, Accordingly, siuch transgenic
animals have the capacity to produce a diversified repertoire of immunoglobulin molecules,
which include antibodies having a human idiotype. In heavy chain loci human or non-
human-derived D-gene segments may be included in the ariificial Ig loci. The gene
segments in such loci are juxtaposed with respect to each other in an unrearranged
configuration {or “the germline conﬁgu;ation"), or in a partially or fully rearranged
configuration, The arlificial Ig loci have the capacity to undergo gene rearrangement (if the
gene segments are not fully rearranged) in the subject animal thereby.producing a
diversified reperloire of immunoglobulins having human idiotypes.

[00183] Regulatory elements like promotlers, enhancers, switch regions, recombination
signals, and the like may be of human or non-human origin, What is required Is that the
elements be operable in the animal species concemed, in order to render the artificial loci

functional.

[00184]1in one aspect, the lnvention provides transgenic constructs containing an ariificial
heavy chain locus capable of undergoing gene rearrangement in the host animal thereby
producing a diversified reperioire of heavy chains having human idiotypes. An artificlal
heavy chain locus of the transgene contains a V-region with at least one human V gene
segment. Preferably, the V-region includes at least about 5-100 human heavy chain V (or
“VH") gene segments. As described above, a human VH segment encompasses naturally
occyrring sequences of a human VH gene segment, degenerate forms of naturally
oceurring sequences of a human VH gene segment, as well as synthetic sequences that
encode a polypeptide sequence substantially (i.e., at least about 85%-95%) identical to a

human heavy chain V domain polypeptide.

' {060185] In a preferred embodiment, the ariificial heavy chain locus contains at least one or
several rat constant region genes, e,g., C8, Cp and Cy {including any of the Cy subclasses),

[00186] In another preferred embodiment, the artificial heavy chain locus contains artificial
constant reglon genes. In a preferred embodiment, such artificfal constant region genes
encode a human CHT domain and rat GH2 CH3 domains, or a human CH1 and rat CH2,
CH3 and CH4 domains. A hybrid heavy chain with a human CH1 domain pairs effectively

vith @ fully human light chain,
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064871 In another preferred embodiment, the arificial heavy chain locus contains artificlal
constant region genes lacking CH1 domains in 2 preferred embodiment, such arifficial
constant region genes encade truncated IgM and/or IgG lacking the CH1 domain but
comprising CH2, and CH3, or CH1, CH2, CH3 and CH4 domains, Heavy chains lacking
CH1 domains cannot pair effectively with Ig light chains and form heavy chaln only

antibodies.

[00188] In another aspect, the invention provides transgenic constructs containing an
artificial light chain locus capable of undergoing gene rearrangement in the host animal
thereby producing a diversified reperfoire of light ¢hains having human idiolypes. An
artificial light chain locus of the transgene centains a V-region with at least one humanV
gene segment, e.g., a Veregion having at least one human VL gene andlor at least one
rearranged human VJ segment. Preferably, thelv-region includes at least about 5-100
human fight chain V (or “VL"} gene segments, Consistently, a human VL segment
encompasses nalurally occurring sequences of 3 human VL gene segment, degenerate
forms of naturally occusring sequences of a human VL gene segment, as well as synthetic
sequencss that encode a polypeptide sequence subsiantially (i.e., at Jeast about 85%-95%)
identical to a human fight chain V domain polypeptide. In one embodiment, the arlificial
light chain {g locus has a C-region having at least one ral G gene (e.g., rat Cx or Cx).

0 61891Anolher aspect of the present invention is directed fo methods of making a
transgenic vector containing an artificlal Ig locus, Such metheds involve isolating fg lacl or
fragments thereof, and combining the same, with one or several DNA fragments comprising
sequences encoding hurman V region elements, The lg gene segmenl{s) are inserted into
the artificial Ig locus or a portion thereof by ligétion or homologous recombination in such a
way as to refain the capacity of the locus to undergo effective gene rearrangement in the

subject animal.

[601901 Preferably, a non-hurman ig locus is isolated by sereening a library of plasmids,
cosmids, YACs or BACs, and the ike, prepared from the genomic DNA of the same. YAC
clones can carry DNA fragments of up to 2 megabases, thus an entire animal heavy chain
locus or a large portion thereof can be isolated in one YAC clone, or reconsiructed to be
contained in one YAC clone., BAC clones are capable of carrying DNA fragments of
smaller sizes (about 50-500 kb). However, muitipls BAC clones containing overlapping
fragments of an lg locus can be separately altered and subsequently injected {ogether into
an animal recipient cell, whereln the overlapping fragments recombine in the recipient
animal cell lo generate a continuous lg locus.
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{01217 Human Ig gene segments can be infegrated into the Ig locus on a vector (6.¢., 2
BAC clone) by a variety of methods, including ligation of DNA fragmenits, or insertlon of
DNA Tragments by homologous recombination. Integration of the human Ig gene segmenis
is done in such a way that the human Ig gene segment is operably linked to the host animal
sequence in the transgene to produce a functional humanized g locus, i.e., an Ig locus
capable of gene rearrangement which lead to the production of a diversified reperioire of
antibadies with human idlotypes. Homologous recombination can be performed in bacleria,
yeast and other cells with a high frequency of homologous recombination events.
Engineered YACs and BACs can be readily Isolated from the cells and used in making

transgenic animals,
]

[08192] /mmunoglobulins having a human idiotype

[00193] Once a transgenic animal capable of producing immunoglobulins having a human
idiotype is made, immunoglobulins and antibody preparations against an antigen can be
readlly obtained by immunizing the animal with the anfigen. *Polyclonal antisera
composiflon™ as used herein inciudes affinily purified polyclonal antibody preparations.

001941 A variety of antigens can be used to immunize a transgenic animal. Such antigens
include but are not limited to, microorganisms, e.g. viruses and unicelular organisms (such
as bacteria and fungi), alive, atlenuated or dead, fragments of the microorganisms, or
antigenic molecules isolated from the microorganisms.

{00195} Preferred bacterial antigens for use in immunizing an animal include purified
antigens from Slephylococcus aureus such as capsular polysaccharides type 5 and 8,
recombinant versions of virulence factors such as alpha-toxin, adhesin binding proteins,
collagen binding proteins, and fibronectin binding proteins. Preferred bacterial antigens
also include an attenuated version of S, aureus, Pseudomonas aeruginosa, enterococcus,
enterobacter, and Kiebslella pneumon/as, or cullure supernatant from these bacteria cells.
Other bacterial antigens which can be used in immunization include purified
lipopolysaccharide (LPS), capsular antigens, capsular polysaccharides and/or recombinant
versions of the outer membrane proteins; fibronectin binding profeins, endotoxin, and
exotoxin from Pseudormonas aeruginosa, enterococeus, enterobacter, and Klebsielta

preumoniae.

[00196] Preferred antfgens jor the generation of antibodies against fungi.include aitenuated
version of fungi or outer membrane proteins thereof, which fungi include, but are not jimited
to, Candida albicans, Candida parapsilosis, Candida tropicalis, and Cryptacotcus
neoformans,
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[60197] Preferred antigens for use in immunization in order 1o generate antibodies against
viruses include the envelop profeins and altenuated versions of viruses which include, but
are not limited o respiratory synctial virus (RSV) (particularly the F-Profein), Hepatitis C
virus (HGV), Hepalits B virus (HBV), cytomegalovirus {CMV), EBV, and HSV.

[00198] Antibodies specific {or cancer can be generated by immunizing transgenic animals
with Isofated tumor cells or lumor cell lines as well as tumor-associated antigens which
include, but are not limited to, Her-2-neu antigen (antibodies against which are useful for
ihe freatment of breast cancer); CD20, Cb22 and CD53 antigens {antibodies against which
are useful for the ireatment of B cell lymphomas), prostate specific membrane antigen
(PMSA) (antibodies against which are useful for the tréalment of prostate cancer), and 17-
1A molecule (antibodies against which are useful for the ireatment of colon cancer),

[00189] The antigens can be administered to a transgenic animal in any convenient
manneyr, with or without an adjuvant, and can be adminisiered in accordance with a

predetermined schedule.

{00200] For making a menocional antibody, spleen cells are isofated from the immunized
transgenic animal and used either in cell fusion with fransformed cell fines for the
production of hybridomas, or ¢DNAs encoding antibodies are cloned by standard molecular
biology techniques and expressed in transfecled cells, The procedures for making
monoclonal antibodies are well established in the art. See, e.g., European Patent
Application 0 583 880 A1 (“Method For Generating Monoclonal Antibogies From Rabbits"),
_ U.S. Patent No. 4,877,081 ("Stable'Rabbit-Mouse Hybridomas And Secretion Products

Thereof®), WO 97/16537 ("Stable Chicken B-cell Line And Method of Use Thereof”), and
EP 0491 057 B1 ("Hybridoma Which Praduces Avian Specific Immunoglobulin G7), the
disclosures of which are incorporated herein by reference. In vitro production of
monaclonal antibodies from cloned cDNA molecules has been described by Andris-
Widhopf et al., "Methods for ihe generation of chicken monaclonal antibody fragments by
phage display”, J Immunol Mefhads 242:169 (2000), and by Burlon, D, R., "Phage
display®, immunofechnology 1:87 {1995).

[ot201] Once chimeric monoclonal aniibodies with human idiotypes have been generaled,
such chimeric antibodies can be easily converted inte fully human antibodies using
standard molecutar biology techniques. Fully human monoclonal antibodies are not
immunogenic in humans and are appropriate for use in the therapeutic freatment of human

subjects.

[00202] Antibodies of the invention include heavy chain-only aniibodies
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[00203] In one embodiment, transgenic animals which lack a functional ig light chain Jocus,
and comprising an artificial heavy chain lecus, are immunized with antigen to produce
heavy chain-only aniibodies that specifically bind to antigen.

[00204] In one embodiment, the invention provides monoclonal antibody producing cells
derived from such animals, as weli as nucleic acids derived therefrom, Also provided are
hybridomas derived therefrom. Also provided are fully human heavy chain-only antibodies,
as well as encoding nucleic acids, derived therefrom.

[00205] Teachings on heavy chain-only antibodies are found in the at. For example, see
PCT publications W002085944, W002085945, WO2006008548, and W0O2007096779.
See also US 5,840,526; US 5,874,541; US 6,005,079; US 6,765,087; US §,800,988; EP
1589107; WO 9734103; and US 6,015,694,

{00206} Pharmaceutical Compositions

[00207]in a further embodiment of the present invention, purified monoclonal or polyclonal
anfibodies are admixed with an appropriate pharmaceutical carrier suitable for
adminisiration 1o patlents, to provide pharmaceutical compositions.

[00208] Patients treated with {he pharmaceutical compositions of the invention are
preferably mammals, more preferably humans, though veterinary uses are also

contemplated,

[00209] Pharmaceutically acceptable carriers which can be employed in the present
pharmaceutical compositicns can be any and all solvents, dispersion media, isotonic
agents and the like. Exceptinsofar as any conventional media, agent, diluent or carrier is
detrimental to ihe recipient or to the therapeutic effectiveness of the anlibodies contained
therein, its use in the phamaceutical compasitions of the present invention is appropriate.

[00210] The carrier can be lquid, serni-solid, e.g. pastes, or solid carriers. Examples of
carrlers Include oils, water, saline solutions, alcohol, sugar, gel, lipids, liposomes, resins,
porous tratrices, binders, fillers, coatings, preservatives and the like, or combinations

thereof.
[00211] Methods of Traatment

[00212] In a further aspect of the present inveniion, methads are provided for Ireating a
disease in a vertebrete, preferably a mammal, preferably a primate, with human subjects
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being an especlally preferred embodiment, by administering a purified antibody
composition of the invention desirable for freating such disease.

[00213} The anlibody compositions can be used to bind and neutralize or modujate an
antigenic entily in human body tissues that causes or conltributes to disease or that eficits
undesired or abnormal immune responses. An "antigenic enfify™ is herein defined to
encompass any soluble or cell surface bound molecules including proteins, as well as celis
orinfectious disease-causing organisms or agents that are at least capable of binding to an
antibady and preferably are also capable of stimulating an immune response. .

[00214] Administration of an antibody composition against an infectious agentas a
monotherapy or in combination with chemotherapy results in elimination of infectious
patticles. A single administration of antibodies decreases the number of infectious particles
generally 10 fo 100 fold, more commonly more than 1000-fold. Similarly, antibody therapy
In patients with a2 malignant disease employed as a monotherapy or in combination with
chemotherapy reduces the number of malignant cells generally 10 to 100 fold, or more than
1000-fold. Therapy may be repeated over an extended amount of time to assure fhe
complete elimination of infectious particles, malignant cells, ete. In some instances, therapy
withrantibady preparations will be continued for extended periods of time in the absence of
detectable amounts of infectious particles or undesirable cells.

[60215] Similarly, the use of antibody therapy for the modulation of immune responses may
consist of single or muiliple administrations of therapeutic antibodies. Therapy may be
continued for extended periods of time in the absence of any disease symptoms.

{00216] The subject treatment may be employed in conjunction with chemotherapy at
dosages sufficient to inhiblt infectious disease or mafignancies. In autoimmune disease
pafients or transplant recipients, antibody therapy may be employed in conjunction with
immunosuppressive therapy at dosages sufficient to inhiblt immune reactions.

1002471 All citations are expressly incorporated herein in their entirefy by reference.

{00218] Experimental

00248} Directed Evolution of homing endonucieases specific for rat Immunoglobulin
sequences.
[00220) An analysis of rat IgM exon sequences resulted in the identification of several

target cleavage sequences for engineered homing endonucleases, Using homing
endonuclease 1-Scel, two target sequences were identified, one within raf JgM exon I}
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(CGTGGATCACAGGBGTCT) and the other within rat IgM exon Il
(CTGGGATAACAGGAAGGA), These sites share 61% (11 out of 18 bases) sequence
identity with the natural recognition sequence of i-Scel (TAGGGATAACAGGGTAAT),

[00221] Table 1. Target sequences in rat IgM exons (the different nucleclides are

underlined)
Terget Seguence Similarity position
T3 CELGCATEACAGEGETET 61% Exon [l
T4 CIGGCATAACAGCAAGGE 61% Exon lit
Wild type TAGGGATAACAGGGTAAT ' \\

[00222) For the engineering of honting endonucleases specific for these {arget sequences
we used a highly sensitive sefection for the directed evolution of homing endonucleases
that ceuples enzymatic DNA cleavage with the survival of host cells (described in detail by
Chen and Zhao, Nuclelc Acid Research 33(18):e154, 2008). An in vitro coevolution sirategy
was used to engineer 1-Scel variants with target sequence specificity. As shown in Table 2,
for farget sequence T3, iwo new sequences, T3l and T3i2, were selected as intermediate
sequences, while for target sequence T4, two new sequences, T4i1 and T4i2, were
selected as intermediale sequences. The T3i1 and T4i1 sequences were cloned info the

repbrt plasmid {o Vield pi1-LacY-T3H1 and p11-LacY-T4i1, respectively.

[00223] Table 2. Sequences in three sieps (lhe different nucleotides are underlined)
Stept | 7311 TAGGGATAACAGGGEIET | T4t | TAGGGATAACAGGCREGEA

Step2 | T8i2 CGTGGATAACAGGEEIET T4z | BEGGGATAACAGGARGGEA

Steps | 73 CEIGGATEACACGEEIET [T4 | BIGGGATAACAGGRRGER

[00224] To obtaln I-Scel mutants with T3i1 or T4i1 sequence specificity, molecular
modeling was first carried out {o identify the residues to be used to create a focused library
via saturation mutagenesis, As shown in Figure 2, I-Scel binds to the 3’ end of T3i1 or T4i4
through a relaxed loop that lies in the minor groove of DNA. Residues Glyi3, Pro14, Asn15
and Lys20 are close 1o this 3' end and Asn15 binds directly to the last thymine at the 3’ end
of the wild type recognition sequence through hydrogen bonds. A Jibrary of mutants
contaihing all the possible combinations of amino acid substitutions at these four select
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residues were consiructed by saturalion mutagenesis. To generate a large enough library,
the ligation reaction and DNA transformation procedures were optimized ihrough several
trials, A library consisting of 2.8 10 ® mutants was created,

[00225) The library was screened for -Scel mutanis with increased activity towards the
T3it sequence. Compared to round 0 {wild type I-Scel), the first round of screening yielded
mutants with increased activity toward the T3{1 sequence since the cell suvival rate was
increased by 10-fold. Enrichment of the potentially positive mutants in round 2 and 3
showed further improvement in cell survival rate, Similarly, the library was screened for I-
Scel mutants with increased activity towards the T4i1 sequance, Screening of mutanis
yielded mutants wilh increased activity toward the T4i{ sequence. !

[00226] In parallel, a second library of I-Scel mutants targeting the 5' end of the recognition
sequence was designed. The first library crealed using saturation mutegenesls was
focused on those residues interacting with the 3' end of the four nucleotides of the I-Sgel
recognition sequence, Based on molecular modeling, Trp149, Aspi50, Tyr151 and Asn152
lie in the major groove formed by the & end nucleotides. Asn152 interacts directly with T(-
7) though hydregen banding, Asp150 and Tyri52 interact T apposite to A{-6) indirectly
though a water molecule, Trp149 and Tyr151 interact with the phosphate backbone, Thus
these four residues are Important fo the sequence specificity of I-Scel and simultaneous ,
saluration mutagenesis on these four resldues was done to create a second 1-Scel mutant

fibrary.

[60227) Further coevolution of these enzymes results in the generation of nove}
meganucleases specific for {arget sequences in rat IgM exons Il and 1}
(CGTGGATCACAGGEGGTCT and CTGGGATAACAGGAAGGA)

[00228] Engineering of I-Cre with defined sequence specificity

{00229 For the engineering of homing endonucleases specific for novel target sequences
we used a highly sensitive selection for the directed evolution of homing endonucleases
that couples enzymatie DNA cleavage with the survival of host cells (described In delali by
Chen and Zhao, Nucleic Acid Research 33(18):e154, 2005). In addition, a general
strategy for engineering I-Crel mutant with defined sequence specificity was designed. (-
Crel recognizes a target sequence in a pseudo palindromle manner. Palindromic bases
are directly recognized by 1-Crel and may be difficult to be altered (/. Mol, Biol., 280, 345-

353) (Fig. 4).
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[00230] This properly hinders the direct engineering of I-Crel derivatives that recognize a
non-palindromic sequence. To overcome this problem, the target sequence was divided
Into left-half (upstream-half) and right-half (downstream-half). I-Crelis optimized for the
intfermediate sequences of the left-half paiindrome and the right-half palindrome,
respectively (Figure 4). Then, the -Crel mutants, optimized fer Intermediate sequences,
are engineered {o recognize the target sequence palindrome, Fihally. |-Crel mutant
respectively oplimized for left-half and that for right-haif will be co-expressed to cleave the
target sequence. In addition, fusjon of the lefi-half optimized mutant with the right-half

optimized mulant by a polypeptide linker is examined.

[00231]A target sequence within exan IV {CAACTGATCCTGAGGGACTCGE) that shares
59% sequence identity with the natural recognition sequence of homing endonuclease I-
Crel was identified. Subsequently, based on {he identity of palindromic bases within the
original iCrel target sequencs, wo sequences, T5 and T6, were selected as target

sequences for 1-Crel engineering.

[00232]1-Cref recognition sequence and 2 target sequences:

4130 -8 -8 &7 6 5 -4 -3 -2 1|4 2 3 4 5 6 7 8 § 10 11
Flm hatf sr:cond half
PEIBREA §, :“" i DFRETHR Homology
I %?@&3 totsl  polindiomic
3 “,mj_ arl f?ﬁ?@ j6 T uzgf @}% sD.0% 643%
S¥ed 1 G[‘W%C!C T{6 Asf_(f"_,,;G-\,;"hiA cwr g 59.1% 52.1%

Palindromic bases are highlighted. Canserved bases are written In bold face,
[00233] The two target sequences, TS and T8, were cloned into reperter plasmids. The |-
Crel gene was cloned into the pTre plasmid and sequenced to confirm that no mutations
were infroduced during PCR amplification. The I-Cre! selection system is evaluated for cell

survival rates,

[00234] In addition, molecular modeling was performed and proteln residues that contact
directly the DNA substrate were identified. In addition, we dgsigned the intermediate
sequences for in vifro co-gvolution experiments,

Tavgetresidues for saturation smutzgenesis

Targetresidue ‘Target residue
YN-TSS-L Q26and §32 YN-TS6-L Q26, K28 and R68
YN-TS5-RI1 R68, R70 and D75 YN-TS6-Ril Q44and R68
YN-TS5-Ri2 Q26 and K28 YN-TS6-Ri2 N30, Y33 and Q38

YN-TS5-Ri3 N30, Y33and4 Q38
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[00235] Subsequenily, libraries of ICrel mutants are generated and screened for ICre}

derivatives with novel target sequences. Further coevoluiion of these enzymes results In
the generation of novel meganucleases specific for a target sequence within exon iV of rat

1gM (CAACTGATCCTGAGGGAGTCGGE),

[00236} Engineering of zinc-finger nucleases

[00237] Zinc-finger proleins (ZFP) were designed against sequences encoding rat igM
{exons 1-4) and assembled as described (Zhang, L. et al Synthetic zing finger transcription

faclor action at an endogenous chromosomal site, Activation of the human erythropoietin

gene. J. Biol, Chem 275:33850-33860, 2000, and Liv, P.Q. et al. Regulation of an

endogenous locus agalnst a pane! of designed zinc finger proteins targeted o accessible:

chromatin regions. Activation of vascular endothelial growth factor. J Biol, Chem.
2765:11323-11334, 2001), 1o yield the following ZFP molelies

“SBS  Recognilen scquonce Finger1 | Fiager2 | Fngerd  FInger&  Fngers  Fingor6  Mnkorzs Uinker 45
7053 AGACAGGLGGCICIC RKVGUE  JSSDLSR  RSOMSR  ASOMGSE | DNAHRKY AGCERP  ToERP
17065 AATITGGYGGCCATG RSOALST DRSTRTK  ASDALAR  RSDSLSA  TSSNRXT TGGAQRP TGEKP
TO3T CTICTOGTAGTT RSANLAR RSDNLRE TSGSLSR QSGSLTR RSDVLSE TOGBGSORP TESOKS
17068 GAAGTCATGCAGGOTGTC  DRSALSR  TBGHLSR RSONLST HNATRIN DRSALSR  TSGSLTR 1GGQRP TGSQKP
7050 GGIGCCATIGGLGIG RSDALAR RSDHLST  HSNARXN ERGTIAR  TSGHLSR  QSGNLAR TGEXP TE5QRP
17050 GCIGTCORTCTGGLT QSSDLSR  R$SDALTQ TSGHLSR  RSOAISR  DRSDLSR TGRORP TCE®
17419 ACCATGTGIGGCAGGS RSARSR  QSGDLTR  RSDAUAR RSDILSY DNSTRIK TGEKP TGEHP
17920 GAGBACCGTGGACAAG RSANLSY DRANLSR RSCAIAR  DRSDLSR  RSDDLIR TGEKP TGEKP

[00238] DNA encoding ZFPs were cloned Into an expression vector, Rat C6 celis were

obtained from the American Type Culture Coflection and grown as.recommended in F12
medium (Invitrogen) supplemented with 5% qualified fetal calf serum (FCS, Hyclone), 15%
horse serum (Invilrogen) and 5mM glutamine, Cells were disasseclated from plasticware
using TrypLE Select protease (Invilrogen). For transfection, 200,000 C& cells were mixed
with 400ng plamid DNA and 20pL Amaxa Solution SF. Cells were transfecled in an Amaxa

Nucleofector 1| Shutle using program 96 FF~137 and recovered Into 0.1L warm,

supplemented, F~12 medium. Three and nine days post ransfection cells were harvested
and chromosomal DNA was prepared using a Quick Extract Scultion 1.0 (Epicentre). The
approprlate region of the lgM Jocus was PCR amplified using Accuprime High-fidelity DNA
polymerase (Invilrogen). PCR reaclions were heated to 24%, then gradually cooled to room

temperature. Approximately 200ng of the annealed DNA was mixed with 0.33pf. CEL-)
enzyme (Transgenomic) and incubated for 20 minutes at 42°. Reaction products were
analyzed by polyacrylamide ge! electrophoresis in 1X Tris-borate-EDTA buffer. A typical
example demonstrating cleavage activity is shown in Figure 8,
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[00238] Genersation of rals with inactivated endogenous heavy chain locus using
expression plasmids encoding a meganuclease

[B0240] A cDNA sequence encoding a meganuclease specific for a rat Cp exon is cloned
into an expression vector where expression is controlled by the tetracycline operator
sequence, Plasmid DNA is linearized by restriction enzyme digestion and purified. Rat *
oocytes are fertilized with sperm form rats with a transgene encading a tetracycline-
responsive reverse transactivaior, Purified plasmid DNA is injected info pronuclei of such
fertilized rat oocytes. Subsequently, rat embryos are transferred into foster mothers and
brought to term. Newboms are analyzed for the presence of meganuclease-encoding
irar:sgene by PCR using DNA isolated from tissue samples. Male transgenlc founder
animals are housed for four months when they reach sexual maturity, Expression of
meganuclease in transgenic animals is induced by daily adminisiration of doxycycline for
one to seven days. Subsequently, spesm is collected twice per week and analyzed by PCR.
Male animals producing muiated sperm are used for breeding. Offspring with mutated rat

Cy are identified by PCR analysis of tissue samples.

[00241] Generation of rals with inaclivated endogenous heavy chain locus by microinfection
of fertilized aocyles with plasmid DNA encoading a specific meganuclease

[00242] A cDNA sequence encoding a meganuclease specific for a rat Cp exon is cloned
into an expresslon vecior where expression is controlled by the CAG-promoter. Purified
plasmid DNA is is injected Into pronuclel of fertiized raf oocytes. Subsequently, rat
embryos are transierred into fosler mothers and brought to term. Newbdrns are analyzed
for the presence mutated igM exons by PCR and direct sequencing. Aiternatively, animals
containing cells with mutated Igh exons are identified by incubation of healed and cooled
PCR products with CEL-l enzyme and subsequent gel electrophoresis.
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Claims
1. A method of generating a rat, comprising:

(A) injecting into a rat germ celi, rat fertilized oocyte or a rat embryo, a meganuclease specific
for Ig gene fragments in heavy and/or light chain loci endegenous to the rat, wherein the
meganuciease introduces doublestrand_breaks into said heavy andfor light chain loci; or{B)
injecting into a rat germ cell, rat fertilized oocyte or a rat embryo, an expression vector or
nucleic acid encoding a meganuclease specific for Ig gene fragments in heavy and/or light
chain loci endogenous to the rat, wherein the meganuclease introduces double-strand breaks
into said heavy and/or light chain loci.

2. A rat which is nullizygous for endogenous Ig light chain loci and/or endogenous heavy chain loci.
3. The rat according to claim 2 comprising an artificial immunoglobulin (Ig) locus.

4. The rat according to claim 3, wherein the artificial Ig locus is an lg light chain locus and/or a Ig
heavy chain locus.

5. The rat according to claim 3, wherein the artificial Ig iocus comprises an Ig locus comprising
fragments of human and rat Ig loci including muitiple immunoglobulin gene segments, optionaily
wherein: (i) at least one variable (V) gene segment is a human V gene segment; and/or ii) at least cne
diverse (D) gene segment is a human D gene segment.

6. The rat according to claim 5, wherein the human gene segment comprises: i) naturally occurring
sequences of a human Ig gene segment; ii} degenerate forms of naturally occurring sequences of a
human lg gene segment; and/or iii) synthetic sequences encoding a polypeptide sequence that is
85%-95% identical to the polypeptide encoded by a naturally occurring sequence of a human Ig gene
segment.

7. The rat according to anyone of claims 3 to 6 that is capable of producing immunoglobulins with
human idiotypes.

8. A method for producing a monoclonal antibody, comprising: (i) immunizing the rat according to any
of claims 3 to 7 with an immunogen; (ii) isolating a monoclonal antibody producing cell from the rat
wherein the monoclonal antibody producing cell produces a monoclonal antibody that specifically
binds to the immunogen; and (iii) using the monoclonal antibody producing cell to produce the
monoclonal antibody that specifically binds to the immunogen, or using the monoclonal antibody
producing cell to produce a hybridoma cell that produces the monoclonal antibody and using the
hybridoma cell to produce the monoclonal antibody.

9. A method for producing a monoclonal antibody comprising: (i) immunizing the rat according to any
of claims 3 fo 7 with an immunogen; (ii) isolating @ monoclonal antibody producing cell from the rat
wherein the monoclonal antibody producing cell produces a monoclonal antibody that specifically
binds to the immunogen; (iii) isolating from the monoclonal antibody producing cell a monocional
antibody nucleic acid which encodes the monoclonal antibady that specifically binds to the
immunogen; and (iv) using the monoclonal antibody nucleic acid to produce the monoclonal antibody
that specifically binds to the immunogen, wherein optionally the monoclonal antibody has a human
idiotype.

10. A method for producing a monocional antibody comprising: (i) immunizing the rat according to any
of claims 3 to 7 with an immunogen; (ii) isolating a monoclonal antibody producing cell from the rat
wherein the monoclonal antibody producing cell produces a monoclonal antibody that specifically
binds to the immunogen; (iii) isolating from the monoclonal antibody producing cell a monoclonal
antibody nucleic acid which encodes the monoclonal antibody that specifically binds to the
immunogen; (iv) modifying the monoclonal antibody nucleic acid to produce a recombinant nucleic
acid encoding a fully human monoclonal antibody; and (v) using the recombinant nucleic acid
encoding a fully human monoclonal antibody to produce the encoded fully human monoclonal
antibody.
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11. The method according to anyone of claims 8 to 10, wherein the method further comprises the
steps of: 1) purifying the antibody; and ii) admixing the antibody with an appropriate pharmaceutical
carrier suitable for administration to patients.

12. A cell obtainable by the method of claim 8.
13. A transfected cell comprising a nucleic acid encoding the monoclonal antibody defined in claim 9.

14. The ftransfected cell comprising the monoclonal antibody nucleic acid which encodes the
monoclonal antibody that specifically binds to the immunogen as defined in claim 10.

15. An isolated nucleic acid encoding the monoclonal antibody obtainable by the method of claim 9,
wherein the artificial locus comprises at least one human J gene segment, wherein the monoclonal
antibody is a chimeric immunoglobulin which comprises a portion of human immunoglobulin
polypeptide sequence and a portion of rat immunoglobulin polypeptide sequence.

16. A chimeric immunoglobutin comprising a polypeptide sequence encoded by the nucleic acid of
claim 15, wherein the chimeric immunoglobulin comprises a portion of human immunoglobulin
polypeptide sequence and a portion of rat immunoeglobulin polypeptide sequence.

17. The immunoglobulin of claim 16, wherein the immunoglobulin has a constant (C) region which is
selected from (i) a rat constant C region, or (i) an artificial constant (C) region, wherein the artificial
constant region is derived from human and rat constant regions, optionally wherein the artificial (C)
region has a human IgG CH1 domain and a rat IgG CH2 and CH3 domain

18. A transfected cell comprising the nucleic acid of claim 15.
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