
COMPOSITIONS AND METHODS FOR INHIBITING ENDOGENOUS IMMUNOGLOBULIN 
GHNES AND PRODUCING TRANSGENIC HUMAN IDIOTYPE ANTIBODIES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

1001] Thfs application claims priority to US. provisional patent application serial no. 
60/941,619 fifed 1 June 2007, and U.S. provisional patent application serial no. 61/044,324 
filed 11 April 2008, which are incorporated herein in their entirety by reference. 
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SUMMARY OF THE INVENTION 

[002] The invention relates to transgenic animals having one or more inactivated 
endogenous immunoglobulin loci and methods for making the same. The invention further 
relates to compositions and methods for the production of humanized and fully human 
antibodies using such transgenic animals, and antibodies so produced; 

BACKGROUND OF THE INVENTION 

[003] Antibodies are an important cfass of pharmaceutical products that have been 
successfully used in the treatment of various human diseases and conditions, 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 therapeutic application of non-human 
immunoglobulins is the potential immunogenicity of the same in human patients, in order 
to reduce the immunogenicity of such preparations, various strategies for the production of 
partiaiiy human (humanized) and fully human antibodies have been developed. The ability 
to produce transgenic antibodies having a human idiotype in non-human animals Is 
particularly desirable as antigen binding determinants lie within the idiotype region, and 
non-human idiotypes are thought to contribute to the immunogenicity of current antibody 
therapeutics. Human idiotype is an especially important consideration in respect of 
monoclonal antibody therapeutics, which consist of a single idiotype delivered at relatively 
high concentration as opposed to the variety of Idiotypes delivered at tower concentrations 
by a polyclonal antibody mixture. 

[005] While a number of approaches to producing humanized transgenic antibodies in 

non-human animals have been described, one major problem encountered in many such 
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approaches is the production of endogenous antibody, either preferentially or in 
combination with transgenic antibodies in the host animal. Various recombinant cloning 
schemes have been used in attempts to disrupt endogenous immunoglobulin production in 
host animals to address this problem. However, the functional inactivation of 
immunoglobulin genes presents many obstacles in many vertebrate species. 

[006] For example, while homozygous mutant mice with deleted JH-Iocl have been 
successfully produced using homologous recombination, ES or other sustainable 
plurtpotent ceils in which homologous recombination can be done to inactivate endogenous 
foci are not readily available from most vertebrate species. 

i 

. . [007] Further, mutations that interfere with cefi surface expression but not with productive 
rearrangement of immunoglobulin VDJ or VJ gene-segments are insufficient to inactivate 
endogenous Ig expression completely. This is exempted by the fact that homozygous 

mutant mice with a disrupted membrane exon of then heavy chain (so called pMT mice) 
cannot produce IgM 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 mutant mice 
contains IgM and IgG encoded by both allefes, the wild-type allele and the mutated pMT 

allele (Kitamura and Rajewky, Nature 356:154-156 (1992). This is due to the fact that the 
first rearrangement in the course of B-ce)l development is the joining of DH- and JH-gene 
segments on both homologous chromosomes, generating a pro-B cell. If, in the pMT/+ 
mice, a pro-B cell undergoes subsequent VH-DHJH joining in the mutated igH locus first 

and the joining is In frame ("productive"), the resulting pre-B cell can express a y. 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. Serurri of such 
mice contains IgM derived from both alleles, in addition, IgG derived from both alleles can 
be found in the serum of such mice because switching is often concomitantly induced on 
both IgH loci of a B cell. 

[008] Incomplete allelic exclusion Is also observed in animals with functional transgenic 
immunoglobulin loci and mutated endogenous immunoglobulin 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 immunoglobulin loci productively. 
Such a B-cell expresses membrane-bound transgenic immunoglobulin and develops into a 
mature B-cell. During B-cell development isotype switching in the mutated endogenous 
locus may result in a B-cell expressing endogenous immunoglobulin. Accordingly, such 
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mutations are insufficient for the complete inactivation of endogenous immunoglobulin 
expression in animafs wilh transgenic immunoglobulin loci. 

SUMMARY OF THE INVENTION 

[009] A major problem associated with the production of humanized transgenic 
antibodies in non-human animals has been the preferential production or co-production of 
endogenous antibodies in the host. The current invention solves this problem by providing 
transgenic animals that harbor at feast one artificial Ig locus and lack the capacity to 
produce endogenous immunoglobulin. These animafs are highly useful for the production 

, of humanized and fully human transgenic antibodies. The methods used to generate,such 
transgenic animals are effective in many species, including species -from which ES cells or 
sustainable pluripotent ceils are not currently readily available and in which homologous 
recombination and gene knockouts are not readily done. 

[0010] The present invention stems in part from the finding that a meganuclesse may be 
used to functionally ablate endogenous immunoglobulin loci to generate transgenic animals 
useful for the production of humanized'and fully human transgenic antibodies. Further, two 
distinct meganucleases targeting distinct genomic sites may be used to effectively delete a 
large portion of an immunoglobulin locus (up to several kb), thereby ensuring complete 
inactivation of the locus and further ensuring that transgenic animals carrying the germline 
mutation do not generate any B cells capable of endogenous Immunoglobulin production. 

[0011] Accordingly. In one aspect, the invention provides transgenic animals comprising at 
least one artificial Ig locus and having at least one germline inactivated endogenous ig 
locus. The animals used in the invention are small laboratory animals, particularly birds, 
rodents and weasels. The artificial loci used in the invention comprise at least 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 germline or hyper/nutated human 
V-region amino acid sequence; (ii) one or more J gene segments; and (Hi) one or more 
constant region genes, wherein the artificial Ig locus Is functional and capable of 
undergoing gene rearrangement and producing a repertoire of immunoglobulins in the 
transgenic animal. 

[0012] In one embodiment, the transgenic animal comprises an inactivated endogenous Ig 
heavy chain locus. In a preferred embodiment, the transgenic animal has both 
endogenous Ig heavy chain loci inactivated and accordingly does not carry a functional 
endogenous Ig heavy chain locus. 
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[0013] in one embodiment, the transgenic animai comprises an inactivated endogenous ig 
light chain locus. In a preferred embodiment, the transgenic anima! has bolh endogenous 
Ig light chain loci inactivated and accordingly does not carry a functional endogenous Ig 
light chain locus. 

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

[0015] In one embodiment, the transgenic animal comprises at least one artificial Ig heavy 
chain locus. In one embodiment, the transgenic animal lacks a functional Ig light chain 
locus and comprises at least one artificial Ig heavy chain locus. , 

[0016] in one embodiment, the transgenic animal comprises at least one artificial Ig light 
chain locus. 

[0017] In one embodiment, the transgenic animal comprises at least one artificial Ig heavy 
chain locus and at least one artificial Ig light chain locus. 

[0018] In a preferred embodiment, artificial Ig loci are functional and capable of 
undergoing gene rearrangement and producing a repertoire of immunoglobulins in the 
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having a 
human idiotype, 

[0019] In one embodiment, one or more 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 chimeric immunoglobulins in 
the transgenic animal, which repertoire of chimeric immunoglobulins includes chimeric 
immunoglobulins having a human idiotype. 

[0D20] In one embodiment, one or more constant region genes of the artificial 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 
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having a 
human Idiotype and human conslant region. 

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

4 



10022] In one aspect, the invention provides transgenic animals capable of generating 
viable germ cells having al least one endogenous Ig locus that is inactivated. 

[0023J In one embodiment, such transgenic animals comprise a genomic meganuclease 
expression construct, preferably a construct having an inducible expression control region 
operably linked to a meganuclease-encoding nucleic acid, wherein the encoded 
meganuclease recognizes a meganuclease target sequence present in or proximal to an 
endogenous Ig locus 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 to inactivate the targeted endogenous Ig locus in such germ cells, in 
vitro or in' vivo, without compromising the viability thereof, ensuring F1 animals carrying a 
germline mutation in an Ig locus may be derived therefrom. 

[0024] In one embodiment, the transgenic animal further comprises at least one artificial Ig 
locus. 

[0025] In one aspect, the invention provides transgenic animals comprising viable germ 
cells wherein at jeast one endogenous ig locus is inactivated. In one embodiment, the 
transgenic animal further comprises at least one artificial Ig locus. 

[0026] In one aspect, the Invention provides methods for producing transgenic animals of 
the invention. 

[0027] In one embodiment, the invention provides methods for producing transgenic 
animals comprising at least one artificial Ig locus and having at least one germline 
Inactivated endogenous Ig locus. In a preferred embodiment, the transgenic animal is 
nullizygous for endogenous Ig light chain and/or endogenous ig heavy chain. 

[0028] Preferably, an endogenous Ig locus Is Inactivated in a parent germ cell, 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 locus and 
selectively Inactivates the targeted Ig locus in the germ 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 leastone 
germline inactivated endogenous Ig locus. In one embodiment, the germ cell, or that which 
it is combined with, comprises at least one artificial Ig heavy chain locus. In one 
embodiment, the germ cell, or that which it is combined with, comprises at leastone 

artificial Ig light chain locus. In one embodiment, the germ celi, or that which it is combined 
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with, comprises at least one artificial ig light chain locus and at least one artificial Ig heavy 
chain locus. 

[0029] In one embodiment, the methods involve introducing a meganuclease expression 
construct or meganuclease-encoding nucleic acid into the germ ceil. 

[0030] In a preferred embodiment, the germ cell comprises a genomic meganuclease 
expression construct, which comprises an expression control region operably linked to a 
meganuclease-encoding nucleic acid. In a preferred embodiment, the germ cell comprises 
an inducible genomic meganuclease expression construct and the methods involve 
inducing expression of the meganuclease-encoding nucleic acid in the germ ceil. In one 
embodiment, the methods involve repeating the step of inducing expression of the 
meganuclease-encoding nucleic acid in the germ cell. In one embodiment, induction is 
done in vivo. In another embodiment, induction is done in vitro. In one 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 to generate an F1 animal having at least one 
germline inactivated endogenous Ig iocus. The F1 animal may comprise one or more 
artificial Ig loci or may be crossed in order to generate such animals comprising at least one 
artificial Ig locus. 

[0032J In an alternative embodiment, the method involves introducing a meganuclease 
expression construct or meganuclease-encoding nucleic acid into a fertilized oocyte or 
embryo and generating a viable germ cell having at least one inactivated Ig iocus in the 
resultant founder animai. The founder animal can be used to generate an F1 animal having 
at feast one germline inactivated endogenous Ig locus. The F1 animal may comprise one 
or more artificial Ig loci or may be crossed in order to generate such animals comprising at 
(east one artificial Ig locus. 

[0033] in one embodiment, the meganuclease target sequence is present in or proximal to 
a J 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 region gene encodes immunoglobulin p. 

[0035] In one embodiment, the methods involve screening germ cells for viability and 
inactivatton of an endogenous Ig iocus. In one embodiment, the methods involve screening 
germ cells for the presence of an artificial lg locus. 
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[0036] In methods herein, the crossing of animals is preferably between animals having 
inactivated endogenous loci, to generate animals that are nullfeygous for endogenous Ig 
light chain and/or 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 selectively cleaves the 
endogenous Ig locus together with the first meganuclease but at a site distinct from that of 
the first meganuclease, thereby inactivating at least one endogenous Ig locus. 

[0038J in a preferred embodiment, the germ cell comprises a second genomic 
meganuclease expression construct, which comprises an expression control region 
operably linked to a second meganuclease-encoding nucleic acid. In a preferred 
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 geim cell, whereby the encoded second meganuclease is produced and, 
together with the first meganuclease, selectively inactivates the targeted lg locus In the 
gem) cell. In one embodiment, the methods involve repeating the step of inducing 
expression of the second meganuclease-encoding nucleic acid in the germ cell. In one 
embodiment, induction is done in vivo. In one embodiment, induction is done in vitro. In 
one embodiment, the second genomic meganuclease expression construct comprises an 
expression control region that exhibits germ cell-specific activity. 

[0039J in an alternative embodiment, the methods involve introducing a second 
meganuclease expression construct 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 meganuclease-encoding nucleic acid into a 
fertilized oocyte or embryo and generating a viable germ cell having at least one inactivated 
lg locus in the resultant founder animal. The founder animal can be used to generate an F1 
animal having at least one germline inactivated endogenous Ig locus. The F1 animal may 
comprise one or more artificial Ig loci or may be crossed in order to generate such animals 
comprising at least one artificial Ig locus. 

[0041] In a preferred embodiment, the first and second meganucleases target J gene 
segments. In one embodiment, the first and second meganuclease target sequences are, 
taken together, upstream and downstream of one or more J gene segments within 1he 
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 one or mora J gene 
segments. 

[0042] in another embodiment, the first and second meganucleases target constant region 
gene segments, in one embodiment, the first and second meganuclease target sequences 
are, taken 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 constant region gene 
encodes immunoglobulin p. 

i 

[0043] In methods herein, the artificial loci used compn'se 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 gemiline 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 artificfai Ig locus is functional and capable of undergoing gene 
rearrangement and producing a repertoire of immunoglobulins in the transgenic animal. 

[0044] in one embodiment, at least one artificial Ig heavy chain locus is incorporated into 
the genome of a transgenic animal of the invention. In one embodiment, the transgenic 
animal lacks afunctional !g light chain locus. 

[0045] In one embodiment, at least one artificial lg light chain focus is incorporated info the 
genome of a transgenic animal of the invention. 

[0046] in one embodiment, at least one artificial Ig heavy chain locus and at feast one 
artificial Ig light chain iocus are incorporated into the genome of a transgenic animal of the 
invention. 

[0047] In a preferred embodiment, artificial Ig loci are functional and capable of 
undergoing gene rearrangement and producing a repertoire of immunoglobulins in the 
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having a 
human idiotype. 

10048] In one embodiment, one or more 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 chimeric immunoglobulins in 

the transgenic animal, which repertoire of chimeric immunoglobulins includes chimeric 
Immunoglobulins having a human idiotype. 
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[0049J In one embodiment, one or more constant region genes of the artificial 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 
transgenic animal, which repertoire of immunoglobulins includes immunoglobulins having a 
human idiotype and human consiant region. 

[0050] In one embodiment, the methods of making a transgenic animal of the invention 
comprise crossing a transgenic animal having at (east one germline inactivated 
endogenous Ig locus with a second transgenic animal having at {east one artificial lg locus, 
which locus comprises (i) a V-region having at least one human V gene segment encoding 
a germline or hypermulated human V.region amino acid sequence; (ii) one ormore J gene 
segments; and (iii) one or more constant region genes, to produce an F1 transgenic animal, 
wherein the F1 transgenic animal comprises the at (east one artificial Ig iocus of the second 
transgenic animai, and wherein the artificial lg locus from the second transgenic animal is 
functional and capable of undergoing gene rearrangement and producing a repertoire of-
immunoglobulins in the F1 transgenic animal, The crossing may be done by animai 
breeding or by otherwise combining gametes, including in vitro manipulations. 

[0051] In one embodiment, the second transgenic animal comprises at least one artificial 
Ig heavy chain locus. 

[0052] In one embodiment, the second transgenic animal comprises at least one artificial 
lg light chain locus, 

[0053] In one embodiment, the first and second transgenic animals lack a functional Ig 
light chain locus, and the second transgenic animal comprises ah artificial lg heavy chain 
locus. The animals may be crossed to produce an F1 that lacks a functional [g light chain 
locus and comprises an aiirflcial Ig heavy chain locus. 

[00541 in one embodiment, the second transgenic animal comprises at least two artificial 
Ig loci, Including at [east one artificial Ig heavy chain locus and at least one artificial ig light 
chain locus. In one embodiment, the artificial lg loci of the second transgenic animal are 
functional and capable of undergoing gene rearrangement and producing a repertoire of 
immunoglobulins in the F1 transgenic animal, which repertoire of Immunoglobulins includes 
immunoglobulins having a human idiotype. In one embodiment, one or more constant 
region 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 gene 
rearrangement and producing a repertoire of chimeric immunoglobulins in the F1 
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 lg 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 F1 transgenic animal, s 
which repertoire of immunoglobulins includes immunoglobulins having a human idiotype 
and human constant region. 

£0055] Similarly, in one embodiment, the methods comprise crossing a second transgenic 
animal having at least one artificial Ig locus with a transgenic animai of the invention that is 
capable of generating a viable germ cell having at least one endogenous Ig iocus that is 

i 
inactivated. In a preferred embodiment, the second transgenic animal comprises at least 
two artificial lg loci, Including at least one artificial Ig heavy chain locus and at least one 
artificial Ig light chain locus. 

[0066] In one embodiment, the methods comprise introducing at least one artificial lg 
locus into a germ cell having at least one endogenous !g locus that has been, or is capable 
of being inactivated by the activity of one or more meganucleases, wherein the at least one 
artificial lg locus comprises (i) a V-reglon having at least one human V gene segment 
encoding a germline or hypermutated 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 
repertoire of artificial immunoglobulins in a transgenic animal derived from the germ cell. 
The methods further comprise deriving an F1 transgenic animal comprising at least one 
artificial Ig iocus and having at feast one germline inactivated endogenous Ig locus that has 
been Inactivated by the action of one or more meganucleases from the germ cell so 
produced. 

[0057] In one embodiment, the at least one artificial lg 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 
artificial lg locus introduced into the germ cell is an Ig heavy chain locus. 

[0059] In one embodiment, the at least one artificial lg locus includes at least one artificial 
lg light chain locus. 

[0080] In a preferred embodiment, al least two artificial loci are introduced into the germ 
cell, including at least one artificial Ig heavy chain locus and at least one artificial lg light 
chain locus. In 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 oflmmunoglobulins includes 
immunoglobulins having a human idiotype. In one embodiment, one or more constant 
region genes of the artificial lg loci comprise at least one non-human constant region gene 
and are functional and capable of undergoing gene rearrangement and producing a 
repertoire of chimeric immunoglobulins in the derived F1 transgenic animal, which 
repertoire of chimeric Immunoglobulins includes chimeric immunoglobulins having a human 
idiotype. in one embodiment, one or more constant region genes of the artificial 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 
derived Ft transgenic animal, which repertoire of immunoglobulins includes 
immunoglobulins having a human Idiotype and human constant region. 

[0081] Jn one embodiment, the methods Involve screening germ cells forviabilily and 
inaciivation of an endogenous Ig locus. In one embodiment, the methods involve screening 
germ cells for the presence of an artificial Ig locus. 

[0062] In one embodiment, the methods comprise introducing at least one artificial Ig 
locus into a fertilized oocyte or embryo derived from a germ cell having at least one 
endogenous Ig locus that has been inactivBted, or is capable of being inactivated, by the 
action of one or more meganucleases, wherein the at least one artificial Ig locus comprises 
(i) a V-region having at least one human V gene segment encoding a germline or 
hypermutated 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 repertoire of artificial 
immunoglobulins in the founder transgenic animai, or a descendant thereof, derived from 
the fertilized oocyte or embryo. The methods further comprise deriving from the fertilized 
oocyte or embryo the founder transgenic animal, and optionally the descendant thereof,.to 
yield a transgenic animal comprising at least one artificial Ig locus and having at least one 
germline Inactivated endogenous Ig locus that has been inactivated by the action of one or 
more meganucleases. 

[0063] In one embodiment, the at least one artificial Ig locus includes at least one artificial 
Ig heavy chain locus. 

[00S4] In one embodiment, the at least one artificial Ig locus includes at least one artificial 
Ig light chain locus. 
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[0065] [n one embodiment, the fertilized oocyte or embryo lacks a functional Ig light chain 
locus, and the artificial lg locus Introduced into the fertilized oocyte or embiyo Is an Ig 
heavy chain locus. 

[0066] In a preferred embodiment, at least two artificial loci are introduced info the 
fertilized oocyte or embryo, including at least one artificial Ig heavy chain iocus and at least 
one artificial lg light chain locus. In one embodiment, the artificial lg Joel 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 
immunoglobulins includes immunoglobulins having a human idiotype. In one embodiment, 
one or more 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 chimeric immunoglobulins in ihe founder transgenic animal, 
or a descendant thereof, which repertoire of chimeric immunoglobulins includes chimeric 
immunoglobulins having a human idiotype. Jn one embodiment, one or more constant 
region genes of the artificial 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 immunoglobulins includes immunoglobulins having a human idiotype and 
human constant region. 

[0067] In one aspect, the invention provides methods for producing transgenic animals 
capable of generating a viable germ cell wherein at least one endogenous lg focus is 
Inactivated. In a preferred embodiment, the methods comprise generating a transgenic 
animal having a genomic meganuclease expression construct, wherein the expression 
construct comprises an expression control region operably linked to a meganuclease-
encoding nucleic add. In a preferred embodiment, the construct is an inducible genomic 
meganuclease expression construct that can be induced to express the meganuclease-
encoding nucleic acid in a germ cell 

[0068] In one aspect, the invention provides methods for producing a transgenic animal 
having a viable germ cell wherein at least one endogenous Ig locus Is Inactivated. The 
methods comprise inactivating the endogenous Ig locus in the germ cell, or in a parent 
germ cell or fertilized oocyte or embryo derived therefrom, by expression of a 
meganuclease therein. 

[0069] in one aspect, the invention provides a viable germ cell wherein at least one 
endogenous ig iocus Is capable of being inactivated. In a preferred embodiment, the germ 

cell comprises a genomic meganuclease expression construct, wherein the expression 

12 



construct comprises an expression control region operably Jinked to a meganuclease-
encoding nucleic acid. In a preferred embodiment, the construct is an inducible genomic 
meganuclease expression construct that can be induced to express the meganucfease-

• encoding nucleic acid in a germ cell. 

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

[0071] In one embodiment, the germ ceil comprises at least one artificial Ig light chain 
locus. 

1 
[0072J In one embodiment, the germ eel) comprises at (east one artificial lg heavy chain 
locus and at least one artificial Ig light chain focus. 

[0073] In one aspect, the invention provides a viable germ cell wherein at least one 
endogenous Ig locus is inactivated. 

[0074] In one embodiment, the germ cell comprises at least one artificial lg heavy chain 
locus. 

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

£0076] In one embodiment, the germ cell comprises at least one artificial lg heavy chain 
locus and at least one artificial Ig light chain locus. 

[0077] In 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 one meganuclease ir) a germ cell, fertilized oocyte or embryo, to generate a viable 
germ cell having at least one inactivated endogenous Ig locus. The meganuclease so 
expressed recognizes a meganuclease target sequence present in or proximal to said 
endogenous ig locus. 

[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 Ig locus. Alternatively, a viable germ celi having at least one 
inactivated endogenous lg tocus may be obtained from an animal derived from the germ 
cell in which the meganuclease was expressed. 
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[0079] In one embodiment, wherein the meganuclease is expressed in a fertilized oocyte 
or embryo, the viable germ cell having at least one inactivated endogenous ig locus may be 
obtained from an animal derived from the fertilized oocyte or embryo in which tha 
meganuclease was expressed. 

[0080] In one embodiment, the at least one endogenous Ig locus is Inactivated in vitro. In 
one embodiment, the at least one endogenous (g locus is inactivated in vivo, 

[0081] In one embodiment, the germ ceil further comprises at least one artificial Ig locus. 
In one embodiment, the at least one artificial Ig locus includes at least one artificial Ig heavy 
chain focus.ln one embodiment, the at least one artificial lg locus includes at least one 
artificial Ig light chain locus. 

[0082] In one embodiment, at least two artificial Ig tori are Introduced into the germ cell, 
including at least one artificial (g heavy chain locus and at least one artificial Ig light chain 
locus. 

[0083J The Invention also provides polyclonal antibodies, monoctonal antibodies, 
hybridomas, and methods of making and using the same, which stem from the production 
of antibodies in the presently disclosed transgenic animals carrying one or more artificial 
loci and having one or more endogenous Ig foci inactivated by way of meganuclease 
activity. 

[0084] In one embodiment, the antibodies are heavy chain-only antibodies, which are 
produced using transgenic animals which lack a functional lg light chain locus and 
comprise an artificial heavy chain locus, achieved by methods described herein. 

[0085] In one aspect, the invention provides methods for producing antibodies using 
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 
carries at least one artificial lg locus as described herein, with an immunogen. In a 
preferred embodiment, the transgenic animal is nullizygous for endogenous Ig heavy chain 
and/or endogenous Ig light chain and, accordingly, incapable of producing endogenous 
immunoglobulins. In one embodiment, the transgenic animal lacks a functional Ig light' 
chain locus and comprises an artificial Ig heavy chain locus. 

[0086] In one aspect, the invention provides polyclonal antisera compositions so 
produced. Polyclonal antisera of the invention preferably comprise antibodies 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 animai of 
the invention, which animal has at least one inactivated endogenous ig locus and carries at 
least one artificial (g locus as described herein, with an immunogen; (ii) isolating a 
monoclonal antibody producing cell from the transgenic animal 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 eel) to produce a hybrldoma ceil that produces the monoclonal antibody 
and using the hybridoma ceil to produce the monoclonal antibody. 

[0083] In one embodiment, the methods comprise (i) immunizing a transgenic animai of 
the invention, which animal has at least one Inactivated endogenous tg locus and carries at 
least one artificial Ig locus as described herein, with an immunogen; (ii) isolating a 
monoclonal antibody producing cell from the transgenic animal 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; and (iv) using the monoclonal antibody nucleic acid to produce the monoclonal 
antibody that specifically binds to the immunogen. 

[0090] In a preferred embodiment, the monoclonal antibody has a human idiotype. 

[0091] in one aspect, the invention provides monoclonal antibodies so produced. 

[0092] In one aspect, the invention provides isolated nucleic acids encoding such 
monoclonal 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 inactivated endogenous Ig locus and carries at 
least one artificial ig locus as described herein, with an immunogen; (ii) isolating a 
monoclonal antibody producing cell from the transgenic animal 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 
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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. 

[0094] In one aspect, the invention provides My human monoclonal antibodies so 
produced. 

[0095] In one aspect, the invention provides recombinant nucleic acids encoding fully 
human monoclonal antibodies, and methods of producing the same. 

[0096] In one embodiment, an immunogen used in methods herein pomprises a disease-
causing organism orantlgenic 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 
herein is an antigen exogenous to humans. 

[0098] In one aspect, the Invention provides methods for neutralizing or modulating the 
activity of an antigenic entity in a human body component, in one embodiment, the 
methods compnse contacting the body component with a polyclonal antisera composition 
of the invention, wherein the polyclonal antisera composition comprises immunoglobulin 
molecules that specifically bind to and neutralize or modulate the activity of the antigenic 
entity. 

[0099] in one embodiment, the methods comprise contacting the body component with a 
monoclonal antibody of the invention, wherein the monoclonal antibody specifically binds to 
and neutralizes or modulates the activity of the antigenic entity. 

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

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

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

[00103] In one embodiment, the antigenic entity is a human cytokine or a human 
chemokine. 

[00104] In one embodiment, the antigenic entity is a cell surface molecule on a malignant 
cancer ceil. 
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[00105] 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 spleen of 
transgenic animals of the invention. 

I00107] In a preferred embodiment, the invention provides B cells derived from transgenic 
animals of the invention, which 6 cells are capable of producing antibodies having a human 

• idiotypB, 

£00108] In a preferred embodiment, the invention provides germ cells derived from 
transgenic animate of the invention. 

[00109} In one aspect, the invention provides methods for making hybridomas capable of 
producing antibodies having a human idiotype. The methods comprise the use of ceils 
derived from transgenic animals of the invention. 

[00110] In 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 antibody has a human idiotype. 

[00113] In one aspect, the invention provides methods of treating a patient in need of 
treatment, comprising administering a therapeutically effective amount of a pharmaceutical 
composition of the invention to the patient. 

• BRIEF DESCRIPTION OF THE DRAWINGS 

[00114] Figure 1 shows a schematic representation of an artificial heavy chain consisting of 
a human V-, D, and J-reglon, a rat intronic enhancer and several artificial constant region 
genes. Artificial constant region genes contain exons encoding a human CH1 domain and 
rat CH2.3 and 4 domains. Membrane spanning and cytoplasmic polypeptide sequences are 
encoded by rat exons. 

[00115] Figure 2. Schematic of the interaction of l-Scel and DNA at 3' end of recognition 
sequence. 
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£00116] Figure 3. Schematic of the interaction of the 5' end of the I-Scel recognition 
sequence with 1-SceI. 

[00117J Figure 4. Schematic of sequence recognition mechanism of l-Crel (from Nucleic 
Acids Res., 34, 4791-4800). 

[00118] Figure 5. Schematic diagram of the strategy for altering recognition sequence of f-
Cret. 

[00119] Figure 6. Zinc-finger proteins (ZFP) designed against sequences encoding rat IgM 
were expressed in cells, chromosomal DNA was prepared, and the appropriate /egion of 
the fgM iocus was PCR amplified. Reaction products were analyzed by polyaciylamide gel 
electrophoresis. The figure shows a typical example demonstrating cleavage activity. 

DETAILED DESCRIPTION OF THE INVENTION 

[00120] By "artificial immunoglobulin locus" is meant an immunoglobulin locus comprising 
fragments of human and non-human immunoglobulin loci, including multiple 
immunoglobulin gene segments, which include al least 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 focus, and one or more constant region gene segments. In the present 
invention, at least one of the V gene segments encodes a germline or hypermutaled human 
V-region amino acid sequence. In a preferred embodiment, an artificial immunoglobulin 
locus of the invention is functional and capable of rearrangement and producing a 
repertoire of immunoglobulins. In a preferred embodiment, at feast one D gene segment is 
a human D gene segment "Artificial lg focus" as used herein can refer to unrearranged 
foci, partially rearranged loci, and rearranged loci. Artificial Ig loci 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 immunoglobulins having a non-human C region. In 
one embodiment, an artificial Ig locus comprises a human C region gene and is capable of 
producing a repertoire of immunoglobulins including immunoglobulins having a human O 
region. In one embodiment, an artificial Ig focus comprises an 'artificial constant region 
gene", by which is meant a constant region gene comprising nucleotide sequences derived 
from human and non-human constant regions genes. For example, an exemplary artificial 
C constant region gene is a constant region gene encoding a human IgG CH1 domain and 
rat IgG CH2 and CH3 domain. 
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100121] In some embodiments, an artifidaJfgheavy chain locus lacks CH1, or an 
equivalent sequence that allows the resultant immunoglobulin to circumvent the typical 
immunoglobulin: cfiaperone association. Such artificjaj tod provide for the production of 
heavy chain-only antibodies In transgenic animals which lack a functional (g light chain 
locus and hence do not express functional Ig light chain. Such artificial Ig heavy chain loci 
are used In methods herein to produce transgenic animals lacking a functional Ig light chain 
locus, and comprising an artificial Ig heavy chain iocus, which animals are capable of 
producing heavy chain-only antibodies. Alternatively, an artificial Ig locus may be 
manipulated In situ to disrupt CH1 or an equivalent region and generate an artificial Ig 
heavy chain locus that provides for the production of heavy chain-only antibodies. , 
Regarding the production of heavy chain-only antibodies in light chain-deficient mice, see 
for example Zou et a(.. JEM, 204:3271-3283, 2007. 

[00122] By "human Idiotype" is meant a polypeptide sequence present on a human 
antibody encoded by an Immunoglobulin V-gene segment. The term "human idiotype" as 
used herein includes both naturally occurring sequences of a human antibody, as well as 
synthetic sequences substantially Identical to the polypeptide found in naturally 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 Identity 
is greater than 90%, more preferably greater than 95%. 

[00123] 8y a "chimeric antibody" or a "chimeric Immunoglobulin" is meant an 
immunoglobulin molecule comprising a portion of a human Immunoglobulin polypeptide 
sequence (or a polypeptide sequence encoded by a human lg gene segment) and a portion 
of a non-human Immunoglobulin polypeptide sequence. The chimeric immunoglobulin 
molecules of the present invention are Immunoglobulins with non-human Fc-regions or 
artificial Fc-regions, and human idtotypes. Such immunoglobulins can be Isolated from 
animals of the invention that have been engineered to produce chimeric immunoglobulin 
molecules. 

[00124] By "artificial Fc-region" is meant an Fc-reglon encoded by an artificial constant 
region gene. 

[00125] The term "Ig 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 Ig genes. Thus, 

Ig 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 term "human Ig gene segment" as used herein includes both naturally 
occurring sequences of a human Ig gens segment, degenerate forms of naturally 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 lhat the 
degree of amino acid sequence identity is at least about 85%-95%. Preferably, the degree 
of amino acid sequence identity is greater than 90%, 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 at least 13, more 
preferably at least 14, more preferably at least 15, more preferably at least 16, more 1 

preferably at least 17, and most preferably at least 18 nucleotides In length. 
Meganucleases include zinc-finger nucleases, naturally occurring homing endonucleases 
and custom engineered zinc-finger nucleases and homing endonucleases. What Is 
required for use in the invention Is that the meganuclease recognize a meganuclease target 
sequence present in or proximal to an endogenous lg locus in the subject animal such thai 
a functional mutation may be introduced in the Ig locus by the action of the meganuclease. 
For more discussion of meganucleases, see, for example. U.S. Patent Application 
Publication Nos. 20060206949, 20060153826, 2Q040QD2092, 20060078552, and 
20050064474. 

[00128] Zinc-finger nucleases with altered specificity can be generated by combining 
individual zinc fingers with different triplet targets. The specificity of naturally occurring 
homing endonucleases can be altered by structure-based protein engineering. For 
example, see. Proteus and Carroll, nature biotechnology 23(8):967-97, 2005. 

[00129] An animai having a "germline inactivated lg locus', or "germline Inactivated 
endogenous lg locus", or "germline mutation in an endogenous ig locus", has an Inactivated 
endogenous Ig iocus 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] Production of Viable Germ Cells and Transgenic Animals Having Inactivated 
Endogenous Ig Loci 

100131] In the present invention, meganucleases are used to inactivate endogenous ig loci 

so as to produce viable germ cells having at least one inactivated endogenous lg 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 (east one inactivated endogenous Ig 
locus. The meganuclease so expressed recognizes a meganuclease target sequence 
present In or proximal to an endogenous Ig locus in the subject animal. 

[00132] In one embodiment, wherein the meganucfease 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 Ig locus. Alternatively, a viable germ cell having at least one 
Inactivated endogenous fg locus may be obtained from an animal derived from the germ 
cell in which the meganuclease was expressed 

[00133] in one embodiment, wherein the meganucfease is expressed in a fertilized oocyte 
or embryo, the viable germ ceil having at least one inactivated endogenous Ig locus may be 
obtained from an animal derived from the fertilized oocyte or embryo in which the 
meganucfease was expressed. 

[00134] The invention also provides methods for producing transgenic animals comprising 
at least one germline inactivated endogenous lg iocus. The methods comprise deriving a 
transgenic animal from a viable germ cell having at feast one inactivated endogenous Ig 
locus produced according to the methods herein. 

[00135] In one embodiment, the viable gerrh cell having at leastone inactivated 
endogenous Ig locus further comprises an artificial Ig locus, and the transgenic animal so 
produced compn'ses an artificial Ig locus. 

[00136] In one embodiment, the methods further comprise introducing an artificial lg locus 
into the viable germ cell having at least one inactivated endogenous lg locus, or a germ cell 
descendant thereof ar a fertilized oocyte or embryo derived therefrom, and the transgenic 
animaf so produced comprises an artificial Ig locus. 

[00137] In one embodiment, the methods comprise combining a viable germ cell having at 
feast one inactivated endogenous Ig locus, or a germ cell descendant thereof, with a 
gamete comprising an artificial ig locus, and Ihe transgenic animal so produced comprises 
an artificial Ig focus. 

[00138] Inaclivatton of endogenous lg foci 

[0D139] Inactivation of endogenous Ig loci is done using meganucleases specific for 
immunoglobulin gene fragments In heavy and/or light chain loci endogenous to ihe 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, fertilized oocytes or embryos may be injected into the same. 

[00140] In one embodiment, the method involves transfecting germ cells, which may 
include precursors thereof such as spermatagoniai stem cells, in vitro or in vivo with a 
meganuclease encoding nutiefc acid or expression construct. For example, see Ryu et al., 
J. Aridrol., 28:353-350,2007; Orwig et al., Biol. Report, 87:874-873,2002. 

[00141] In a preferred embodiment, a meganuclease expression construct is integrated into 
the genome of the subject animal. Expression ofthetransgene encoding the 
meganuclease in ge/m cells will result in double-strand breaks in endogenous ig loci and t 
subsequent mutation of the restriction site. Mating of such transgenic animals results in 
offspring with mutated/inactivated immunoglobulin loci. 

[00142] In a highly preferred embodiment of the present invention, a regulatable 
meganucfease 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 cytotoxic effects associated with expression of a particular meganuclease 
through controlled expression via inducible promoters, e.g., heat-inducible promoters, 
radiation-inducible promoters, tetracycline operon, hormone inducible promoters, and 
promoters inducible by dimerizatlon of transactivators, and the like. For example, see 
Vilaboa et al., Current Gane Therapy, 6:421-438,2006. 

[00143]Alternab"vsly. meganuclease expression may be Induced in an embryo derived from 
the germ celL 

[00144] In one embodiment, a single meganuclease is expressed in agerm cell, wherein 
the meganuclease recognizes a target sequence in or proximal to an immunoglobulin locus 
endogenous to ihe germ cell of the subject animai. In a preferred embodiment, the 
meganuclease target sequence is in or proximal to a J gene segment In another preferred 
embodiment, the meganuclease target sequence is in or proximal to an immunoglobulin 
constant region gene. In a preferred embodiment, the immunoglobulin constant region 
gene encodes immunoglobulin p. 

[00145] In a preferred embodiment, at least two meganucleases having distinct target 
sequences are used. The at least two meganucleases are expressed in a germ cell, 
wherein the meganucleases recognize distinct target sequences In or proximal to an 
immunoglobulin locus endogenous to the germ eel) of the subject animal. 
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100146] In a preferred embodiment, the firsthand second meganucleases target J gene 
segments. In one embodiment, the first and second meganuclease target sequences are, 
taken together, upstream and downs/ream of one or more J gene segments within the 
endogenous Ig locus, and cleavage by the first and second encoded meganucleases 
produces deletion of a genomic DNA segment comprising the one or more J gene 
segments. 

£00147] In another embodiment, the first and second meganucleases target constant region 
gene segments. In one embodiment, the first and second meganuclease target sequences 
are, taken together, upstream and downstream of one or more immunoglobulin constant 

i 
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 constant region gene 
encodes immunoglobulin p. 

[00148] In one embodiment, an entire endogenous Jg heavy chain and/or Ig tight chain 
locus, or large parte 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 to disrupt the CH1 region 
of an endogenous Ig heavy chain locus, leaving the remainder of the locus intact and 
capable of producing an Ig heavy chain that circumvents the typical 
immunoglobulinrchaperone association. Preferably, this CH1 targeting is done In an animal 
lacking a functional ig light chain locus. Such targeting In such animals is useful for 
producing heavy chain-only antibodies. 

[OOlSOJIn one embodiment, more than one meganuclease is used to target CH1 within the 
Ig heavy chain locus. 

[00151] In one embodiment, two meganucleases recognizing adjacent sites are used, in 
one embodiment, the sites are elemenls of a palindrome. In one embodiment, the two 
meganucleases are tethered by a linker. 

[00152] In preferred embodiments, the breeding strategies used are designed to obtain 
animals that are nullizygous for endogenous Ig light chain and/or endogenous Ig heavy 
chain. 

[00163] Transgenic animals comprising regulatable genomic meganuclease expression 
constructs 
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[00154] in one aspect, the invention provides transgenic animals comprising at least one 
regulatable genomic meganuclease expression construct. 

[00155]The transgenic animals are selected from small laboratory animals, particularly 
birds (chicken, turkey, quail, duck, pheasant or goose and ihe like), rodents (e.g., rats, 
hamsters and guinea pigs), and weasels (e.g., ferrets). 

[00156] In a preferred embodiment, the regulatable genomic meganuclease expression 
construct comprises an inducible expression control region operably linked to a 
meganuclease-encoding nucleic acid. The inducible expression control region is inducibly 
functional in ja germ cell of the particular transgenic animal, and the encoded 
meganuclease is selective for a meganuclease target sequence situated in or proximal to 
an endogenous immunoglobulin locus of the subject animal. 

[00157] A regulatable meganuclease expression construcl provides for minimization of 
cytotoxic effects associated with expression of a particular meganuclease through 
controlled expression via Inducible promoters, e.g., heat-induclbie promoters, radiation-
inducible promoters, tetracycline operon, hormone 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 genomic meganuclease expression constructs, comprising two distinct nucleic 
acids encoding two distinct meganucleases that recognize two distinct target sequences. 
The two meganucleases in combination function to delete a genomic ONA segment of an 
endogenous Ig locus and thereby inactivate the same. 

I00159]Transgenic animals comprising at least one regulatable genomic meganuclease 
expression construct may be made by means well known in the art For example, a 
transgenic vector containing an inducible expression control region operably linked io a 
meganuclease-encoding nucleic acid maybe introduced 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. 

[00160]For random integration, such a transgenic vector can be introduced into a recipient 
cell by standard transgenic technology. For example, a transgenic vector can be directly 
injected into the pronucleus of a fertilized oocyte. A transgenic vector can also be 
introduced by co-incubatlon of sperm with the transgenic vector before fertilization of the 
oocyte. Transgenic animals can be developed from fertilized oocytes. Another way to 
introduce a transgenic vector is by transfecting embryonic stem cells or other pluripotent 
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cells (for example primordial germ cells) and subsequently injecting the genetically modified 
ceils into developing embryos. Alternatively, a transgenic vector (naked or in combination 
with facilitating reagents) can be directly injected into a developing embryo, fn another 
embodiment, the transgenic vector is introduced into the genome of a celi and an animal is 
derived from the iransfected ceil by nuclear transfer cloning. 

[Q01&1] For targeted Integration, such a transgenic vector can be introduced into 
appropriate recipient cells such as embryonic stem cells or already differentiated somatic 
cells. Afterwards, cells in which the transgene has integrated into the animal genome at 
the targeted site by homologous recombination can be selected by standard methods. The 
selected cells may then be fused with enucleated nuclear transfer unit cells, e.g. oocytes or 
embryonic stem cells, cells which are totipotent and capable of forming a functional 
neonate. Fusion is performed in accordance with conventional techniques which are well 
established. See, for example, Cibetli et ai., Science (1998) 280:1256 Zhou et al. Science 
(2003)301:1179. Enucleation of oocytes and nuclear transfer 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 transgenic animals. Alternatively, the selected 
genetically modified cells can be injected Into developing embryos. 

[001 $2] In one embodiment, a meganuclease is used to Increase the frequency of 
homologous recombination at a target site through double-strand DNA cleavage. 

. [00163] Transgenic animals comprising artificial lg loci and capable of producing 
antibodies having human idioiypes 

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

[00165]The transgenic animals used are selectedfrom 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 germline mutations in endogenous Ig loci that have been effected by the activity of 
one or more meganucelases.- In a preferred embodiment, the transgenic animals are 
nullizygous for endogenous Ig heavy chain and/or endogenous Ig light chain. Further, 

these animals carry at least one artificial Ig locus that is functional and capable of 
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producing a repertoire of immunoglobulin molecules iri the transgenic animal. The artificial 
Ig loci used in the invention include at least one human V gene segment 

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

[00168] fn another preferred embodiment, the transgenic animals carry at least one artifictal 
Ig heavy chain locus, and lack a functional lg light chain iocus. 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 
artificial heavy chain ig loci and one or more artificial light chain Ig ioci into the genome of a 
transgenic animal having at least one endogenous lg 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 
end, accordingly, incapable of producing endogenous immunoglobulins. Regardless of the 
chromosomal location, an artificial lg 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 capacity to undergo gene 
rearrangement is also referred to herein as a "functional" lg locus, and the antibodies with a 
diversity generated by a functional lg locus are also referred to herein as "functional" 
antibodies or a "functional" repertoire of antibodies, 

[00170]The artificial ioci used to generate 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 segments in the case of a heavy chain locus, 
and one or more constant region genes. In the present Invention, at least one of the V 
gene segments encodes a germline or hypermutated human V-region amino acid 
sequence. Accordingly, such transgenic animals have the capacity to produce a diversified 
repertoire of immunoglobulin molecules, which include antibodies having a human idiotype. 
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[00171] In one embodiment, the artificial loci used comprise at least one non-human C 
region gene segment Accordingly, such transgenic animals have the capacity to produce 
a diversified repertoire of immunoglobulin molecules, which include chimeric antibodies 
having a human idiotype. 

[00172] In one embodiment, the artificial loci used comprise at least one human C region 
gene segment Accordingly, such transgenic animals have the capacity to produce a 
diversified repertoire of immunoglobulin molecules, which include antibodies having a 
human idiotype and a human constant region. 

[00173] In one embodiment." the artificial loci used comprise at least one artificial constant 
region gene. For example, an exemplary artificial C constant region gene is a constant 
region gene encoding a human IgG CH1 domain and rat IgG CH2 and CH3 domain. 
Accordingly, such transgenic animals have the capacity to produce a diversified repertoire 
of Immunoglobulin molecules, which include antibodies having a human Idiotype and an 
artificial constant region comprising both human and non-human components. 

[00174]The transgenic vector containing an artificial lg locus is introduced into the recipient 
cell or ceils and then integrated Into the genome of the recipient ceil or cells by random 
integration or by targeted integration. 

[00175] For random integration, a transgenic vector containing an artificial ig locus can be 
introduced into a recipient cell by standard transgenic technology. For example, a 
transgenic vector can be directly injected into the pronucleus of a fertilized oocyte. A 
transgenic vector can also be introduced by co-incubation of sperm with the transgenic 
vector before fertilization of the oocyte. Transgenic animals can be developed from 
fertilized oocytes. Another way to introduce a transgenic vector is by transfecting 
embryonic stem cells or other pluripotent cells (for example primordial germ cells) and 
subsequently injecting ihe genetically modified cells into developing embryos. 
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 embryos wfcfch contain the artificial lg transgene integrated In the 
genome of at least some somatic cells of the transgenic 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}ln a preferred embodiment, a transgene containing an artificial Ig locus is randomly 
integrated Into the genome 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 Ihe action of one or more meganucleases. 
Alternatively, transgenic animals carrying artificial Immunoglobulin foci, can be crossed with 
transgenic animals having at Feast one endogenous Ig locus that has been inactivated by 
the action of one or more meganucleases. Regardless of ihe particular method used, in a 
preferred embodiment, offspring that are nullizygous for endogenous Ig heavy chain and/or 
lg light chain and, accordingly, incapable of producing endogenous immunoglobulins and 
capable of producing transgenic immunoglobulins are obtained. 

[00177] For targeted integration, a transgenic vector can be introduced into appropriate 
recipient cells such as embryonic slem cells, other pluripotent cells or already differentiated 
somatic cells. Afterwards, cells irt 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 transfer unit cells, e.g. oocytes or embryonic stem cells, cells 
which are totipotent and capable of forming a functional neonate. Fusion is performed in 
accordance with conventional techniques which are well established. See, for example, 
Cibelli etal., Science (1998)280:1256; Zhou etal. Science (2003)301:1179. Enucleation 
of oocytes and nuclear transfer can also be performed by microsurgeiy 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 transgenic animals. Alternatively, the selected genetically modified cells can 
be injected into developing embryos which are subsequently developed into chimeric 
animals. 

[00178] In one embodiment, a meganuclease is used to increase the frequency of 
homologous recombination at a target site through double-strand DNA cleavage. For 
integration into endogenous Immunoglobulin loci a site specific meganuclease may be 
used. In one 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. 

[001791 In one embodiment, the transgenic animal lacks a functional lg light chain locus 
and comprises an artificial Ig heavy chain locus. 

[00180] Artificial Ig Loci 

[00181]The present Invention is further directed to artificial lg loci and {heir use in making 
transgenic animals capable of producing immunoglobulins having a human idiotype. 
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[00182] Each artificial Ig iocus comprises multiple Immunoglobulin gene segments, which 
include at least one V region 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 region genes. 
In the present invention, at least one of the V gene segments encodes a germline or 
hypermutated human V-region amino acid sequence, Accordingly, such 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 artificial Ig loci. The gene 
segments in such loci are juxtaposed with respect to each other In an unrearranged 
configuration (or "Ihe germline configuration"), or In a partially or fully rearranged 
configuration. The artificial Ig loci have fhe capacity to undergo gene rearrangement (if the 
gene segments are not fully rearranged) in the subject animal thereby-producing a 
diversified repertoire of Immunoglobulins having human idiotypes. 

[00183] Regulatory elements like promoters, 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 concerned, in order to render the artificial loci 
functional. 

£00184] In one aspect, the Invention provides transgenic constructs containing an artificial 
heavy chain locus capable of undergoing gene rearrangement in the host animal thereby 
producing a diversified repertoire of heavy chains having human idiotypes. An artificial 
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 
occurring sequences of a human VH gene segment, degenerate forms of naturally 
occurring 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. 

[00185] In a preferred embodiment, the artificial heavy chain locus contains at least one or 

several rat constant region genes, e.g., CS, Cn and Cy {including any of the Cy subclasses). 

[QQ186] In another preferred embodiment, the artificial heavy chain locus contains artificial 
constant region genes. In a preferred embodiment, such artificial constant region genes 
encode a human CH1 domain and rat CH2 CH3 domains, or a human CH1 and rat CH2, 
CH3 and CH4 domains. A hybrid heavy chain with a human CH1 domain pairs effectively 

with a fully human light chain., 
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[00187] In another preferred embodiment, the artificial heavy chain locus contains artificial 
constant region genes lacking CH1 domains In a preferred embodiment, such artificial 
constant region genes encode 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 chain 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 repertoire of light chains having human idiotypes. An 
artificial light chain locus of the transgene contains a V-region with at least one human V 
gene segment, e.g., a V-region having at least one human VL gene and/or at least one 
rearranged human VJ segment Preferably, the V-region includes at least about 5-100 
human light chain V (or "VL") gene segments. Consistently, a human VL segment 
encompasses naturally occurring sequences of a human VL gene segment, degenerate 
forms of naturally occurring sequences of a human VL gene segment, as v/etl as synthetic 
sequences that encode a polypeptide sequence substantially (i.e., at least about 85%-95%) 
identical to a human fight chain V domain polypeptide. In one embodiment, the artificial 
light chain fg locus has a C-region having at least one rat G gene (e.g., rat ca. or CK). 

[00189]Another aspect of the present invention is directed to methods of making a 
transgenic vector containing an artificial lg locus. Such methods involve isolating fg loci or 
fragments thereof, and combining the same, with one or several DNA fragments comprising 
sequences encoding human V region elements. The lg gene segments) are inserted into 
the artificial lg locus or a portion thereof by ligation or homologous recombination in such a 
way as to retain the capacity of the locus to undergo effective gene rearrangement in the 
subject animal. 

[001 SO] Preferably, a non-human ig locus is isolated by screening a library of piasmids, 
cosmids, YACs or BACs, and the like, 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 reconstructed to be 
contained in one YAC clone. BAC clones are capable of carrying DNA fragments of 
smaller sizes (about 50-500 kb). However, multiple BAC clones containing overlapping 
fragments of an Ig locus can be separately altered and subsequently injected together into 
an animal recipient cell, wherein the overlapping fragments recombine in the recipient 
animal cell !o generate a continuous Ig locus. 
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[00191] Human Ig gene segments can be integrated into the Ig locus on a vector (e.g., a 
BAC done) by a variety of methods, including ligation of DNA fragments, or insertion of 
DNA fragments by homologous recombination, integration of the human Ig gene segments 
is done in such a way that the human Ig gene segment is operably linked to the host animal 
sequence In ihe transgene to produce a functional humanized Ig iocus, i.e., an Ig locus 
capable of gene rearrangement which lead to the production of a diversified repertoire of 
antibodies with human idiotypes. Homologous recombination can be performed in bacteria, 
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. 

i 

£00192] Immunoglobulins 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 
readily obtained by immunizing the animal with the antigen. "Polyclonal antisera 
composition" as used herein includes affinity purified polyclonal antibody preparations. 

[00194] 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 unicellular organisms (such 
as bacteria and fungi), alive, attenuated or dead, fragments of the microorganisms, or 
antigenic molecules isolated from the microorganisms. 

[00195] Preferred bacteria) antigens for use in immunizing an animal include purified 
antigens from Staphylococcus 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 5. aureus, Pseudomonas aeruginosa, enterococcus, 
enterobacter, and Klebsiella pneumoniae•, or culture supernatant from these bacteria cells. 
Other bacterial antigens which can be used in immunization include purified 
lipopolysacchartde (LPS), capsular antigens, capsular polysaccharides and/or recombinant 
versions of the outer membrane proteins, fibronectin binding proteins, endotoxin, and 
exotoxin from Pseudomonas aeruginosa, enterococcus, enterobacter, and Klebsiella 
pneumoniae. 

[00196] Preferred antigens for the generation of antibodies against fungi- include attenuated 
version of fungi or outer membrane proteins thereof, which fungi include, but are not limited 
to, Candida albicans, Candida parapsifosis, Candida tropicalis, and Cryptococcus 
neoformans. 
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£00-1973 Preferred antigens for use In immunization in order to generate antibodies against 
viruses include the envelop proteins and attenuated versions of viruses which include, but 
are not limited forespirafory synctial virus (RSV) (particularly the F-Prolein), Hepatitis C 
virus (HCV), Hepatite B virus (HBV), cytomegalovirus (CMV), EBV, and HSV. 

[00198] Antibodies specific for cancer can be generated by immunizing transgenic animals . 
with Isolated tumor cells or tumor 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 treatment of breast cancer); CD20, CD22 and CD53 antigens (antibodies against which 
are useful for the treatment of B cell lymphomas), prostate specific membrane antigen 
(PMSA) (antibodies against which are useful for the treatment of prostate cancer), and 17-
1A molecule (antibodies against which are useful for the treatment of colon cancer). 

£00199] The antigens can be administered to a transgenic animalin any convenient 
manner, with orwithout an adjuvant, and can be administered in accordance with a 
predetermined schedule. 

£00200J For making a monoclonal antibody, spleen cells are isolated from the immunized 
transgenic animal and used either in cell fusion with transformed cell lines for the 
production of hybridomas, or cDNAs encoding antibodies are cloned by standard molecular 
biology techniques and expressed in transfected cells. The procedures for making 
monoclonal antibodies are well established in the art. See, e.g., European Patent 
Application 0 583 980 A1 ("Method For Generating Monoclonal Antibodies From Rabbits"), 
U.S. Patent No. 4,977,081 ("Stable'Rabbit-Mouse Hybridomas And Secretion Products 
Thereof1), WO 97/16537 ("Stable Chicken B-cell Line And Method of Use Thereof), and 
EP 0 491 057 B1 ("Hybrldoma Which Produces Avian Specific Immunoglobulin G"), the 
disclosures of which are incorporated herejn by reference. In vitro production of 
monoclonal antibodies from cloned cDNA mofecules has been described by Andris-
Widhopf et al., "Methods for the generation of chicken monoclonal antibody fragments by 
phage display", J Immunol Methods 242:159 (2000), and by Burton, D. R., "Phage 
display", Immunotechnology 1:87 (1995). 

£00201] Once chimeric monoclonal antibodies with human idiotypes have been generated, 
such chimeric antibodies can be easily converted into fully human antibodies using 
standard molecular biology techniques. Fully human monoclonal antibodies are not 
immunogenic in humans and are appropriate for use in the therapeutic treatment of human 
subjects. 

[0Q202J,4r?ft&od/es of the Invention include heavy chain-only antibodies 
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[00203]In one embodiment, transgenic animals which lacJ< a functional Ig light chain locus, 
and comprising an artificial heavy chain locus, are immunized with antigen to produce 
heavy chain-only antibodies ihat specifically bind to antigen. 

[O02O4J in one embodiment, the invention provides monoclonal antibody producing cells 
derived from such animals, as well 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 art For example, see 
PCT publications W002085944, W002085945, W0200600.8548, and W02007096779. 
See also US 5,840,526; US 5,874,541; US 5,005,079; US 6,765,087; US 5,800,988; EP 
1589107; WO 9734103; and US 6,015,695. 

[00206] Pharmaceutical Compositions 

[00207] In a further embodiment of the present invention, purified monoclonal or polyclonal 
antibodies are admixed with an appropriate pharmaceutical carrier suitable for 
administration to patients, to provide pharmaceutical compositions. 

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

[00209] Pharmaceutical^ acceptable carriers which can be employed in the present 
pharmaceutical compositions can be any and all solvents, dispersion media, isotonic 
agents and the like. Except insofar as any conventional media, agent, diluent or carrier is 
detrimental to ihe recipient or to the therapeutic effectiveness of the antibodies contained 
therein, its use in the pharmaceutical compositions of the present Invention is appropriate. 

[00210J The carrier can be liquid, semi-solid, e.g. pastes, or solid carriers. Examples of 
carriers include oils, water, saline solutions, alcohol, sugar, geJ, lipids, liposomes/resins, 
porous matrices, binders, filters, coatings, presetvatives and the like, or combinations 

thereof. 

[00211] Methods of Treatment 

[00212] In a further aspect of the present invention, methods are provided for treating a 
disease in a vertebrate, preferably a mammal, preferably a primate, with human subjects 
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being an especially preferred embodiment, by administering a purified antibody 
composition of the invention desirable for treating such disease. 

[00213JThe antibody compositions can be used to bind and neutralize or modulate an 
antigenic entity in human body tissues that causes or contributes to disease or that elicits 
undesired or abnormal immune responses. An "antigenic entity" Is herein defined to 
encompass any soluble or cell surface bound molecules including proteins, as well as cells 
or Infectious disease-causing organisms or agents that are at least capable of binding to an 
antibody and preferably are also capable of stimulating an immune response. . 

1002145 Administration of an antibody composition against an infectious agent as a 
monotherapy or in combination with chemotherapy results in elimination of infectious 
particles. A single administration of antibodies decreases the number of infectious particles 
generally 10 to 100 fold, more commonly more than 1000-fold. Similarly, antibody therapy 
In patients with a 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 fame to assure the 
complete elimination of infectious particles, malignant cells, etc. In some instances, therapy 
withantibody preparations will be continued for extended periods of time in the absence of 
detectable amounts of infectious particles or undesirable cells. 

[B0215J Similarly, the use of antibody therapy for the modulation of immune responses may 
consist of single or multiple 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 inhibit infectious disease or malignancies. In autoimmune disease 
patients or transplant recipients, antibody therapy may be employed in conjunction with 
immunosuppressive therapy at dosages sufficient to inhibit immune reactions. 

I00217JAII citations are expressly incorporated herein in their entirety by reference. 

[00218] Experimental 

[00219] Directed Evolution of homing endonucleases 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 l-Scel, two target sequences were identified, one within rat IgM exon II 
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(CGTGGATCACAGGGGTCT) and the other within rat IgM exon HI 
(CTGGGATAACAGGAAGGA). These sites share 61% (11 out of 18 bases) sequence 
Identity with the natural recognition sequence ofl-SceJ (TAGGGATAACAGGGTAAT), 

[00221]TabIe 1. Target sequences in rat IgM exons (the different nucleotides are 

underlined) 

Target Sequence Similarity position 

T3 IllGGATlACAGGGllIr 61% Exon II 

T4 tejiGGGATAACAGGAftG'Gft 61% Exon 1)1 

Wild type TAGGGATAACAGGGTAAT 

[00222] For the engineering of homing endonucleases specific for these target sequences 
we used a highly sensitive selection for the directed evolution of homing endonucleases 
that couples enzymatic DNA cleavage with the survival of host ceils (described In detail by 
Chen and Zhao, Nucleic Acid Research 33(18):e154,2005). An in vitro coevoiution strategy 
was used to engineer l-Scel variants with target sequence specificity. As shown in Table 2, 
for target sequence T3, two new sequences, T3I1 and T3i2, were selected as Intermediate 
sequences, while for target sequence T4, two new sequences, T4f1 and T4i2, were 
selected as intermediate sequences. The T3i1 and T4t1 sequences were cloned into the 

report plasmid to yield p11-LacY-T3I1 and p11-LacY-T4i1, respectively. 

[00223]Tabfe 2. Sequences in three steps (the different nucleotides are underlined) 

Stepl T3i1 TAGGGATAACAGGGHlr T4i1 TAGGGATAACAGGGKg3$ 

Slep2 T3i2 felSTGG ATAACAGGG&TGT T4i2 felGGGATAACAGGA^GG# 

Step3 T3 t^fGGAT®ACAGGGgT^T T4 pGGGATAACAGGjfffiSSS Step3 T3 T4 

[00224] To obtain l-Scel mutants with T3i1 or T4i1 sequence specificity, molecufer 
modeling was first carried out to identify the residues to be used to create a focused library 
via saturation mutagenesis. As shown in Figure 2, l-Scel binds to the 3' end of T3i1 or T4i1 
through a relaxed loop that lies fn the minor groove of DNA. Residues GIy13, Pro14, Asn15 
and Lys20 are close to 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 library of mutants 
containing ali the possible combinations of amino acid substitutions at these four select 
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residues were constructed by saturation mutagenesis. To generate a large enough library, 
the ligation reaction and DNA transformation procedures were optimized through several 
trials. A library consisting of 2.910 6 m utanfs was created. 

[00225] The library was screened for l-Scel mutants v/ith increased activity towards the 
T3it sequence. Compared to round 0 (wild type J-Scel)« the first round of screening yielded 

mutants v/ith increased activity toward the T3i1 sequence since the cell survival 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 ihe T4i1 sequence. Screening of mutants 
yielded mutants v/ith increased activity toward the T4»1 sequence. 1 

[00226] In parallel, a second library of l-Scel mutants targeting the 5' end of the recognition 
sequence was designed. The first library created using saturation mutagenesis was 
focused on those residues interacting with the 3* end of the four nucleotides of the l-Scel 
recognition sequence. Based on molecular modeling, T/p149, Asp150, Tyr151 andAsn152 
lie in the major groove formed by the 5* end nucleotides. Asn 152 interacts directly with T(-
7) though hydrogen bonding, Asp150 and Tyrt52 interact T opposite to A(-6) indirectly 
though a water molecule. Trpl49 and Tyr151 interactwith the phosphate backbone. Thus 
these four residues are Important to the sequence specificity of l-Scel and simultaneous. 
saturation mutagenesis on these four residues was done to create a second l-Sce! mutant 
library. 

[00227] Further coevoiution of these enzymes results in the generation of novel 
meganucleases specific fortarget sequences in rat IgM exons II and III 
(CGTGGATCACAGGGGTCT 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 enzymatic DNA cleavage with the survival of host cells (described In detail by 
Chen and Zhao. Nucleic Acid Research 33(18):e154,2005). In addition, a general 
strategy for engineering I-Crel mutant v/ith defined sequence specificity was designed. I-
Crel recognizes a target sequence in a pseudo palindromic manner. Palindromic bases 
are directly recognized by I-Crel and may be difficult to be altered (J. Mol. Biol., 280,345-

353) (Fig. 4). 
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[00230] This property 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). J-CreJis optimizedforthe 
intermediate sequences of the left-half palindrome and the right-half palindrome, 
respectively (Figure 4). Then, the i-Crel mutants, optimized for Intermediate sequences, 
are engineered to recognize the target sequence palindrome. Finally, l-Cre! mutant 
respectively optimized for feft-half and that for right-half will be co-expressed to cleave the 
target sequence. In addition, fusion of the left-half optimized mutant with the right-half 
optimized mutant by a polypeptide linker Js examined. 

[00231JA target sequence within exon IV (CAACTGATCCTGAGGGAGTCGG) 'that shares 
59% sequence Identity with the natural recognition sequence of homing endonuclease I-
Crel was Identified. Subsequently, based on the identity of palindromic bases within the 
original I Orel target sequence, two sequences, T5 and T6, were selected as target 
sequences for l-Crel engineering. 

£00232] t-Crel recognition sequence and 2 target sequences; 
-11 -30 -S -8 -7 -6 -5 -4 -3 -2 -i 1 2 3 4 5 6 7 8 9 10 31 

First half Second half HMMH mmm masm mmsm Homology 
OrtEtaaJ A C <3 T <3 A A total pallndiomic 

T5 A T C 
is r s c 

T 
T 

T 
G 

6 MM ® 
A11»A 

T 
G 

SD.0{< 
59.1# 

M.3* 
S7.1X 

Palindromic baies are highlighted. Canssrvtcf bases are written In boldface. 

[00233JThe two target sequences, T5 and T6, were cloned into reporter plasmids. The I-
Crel gene was cloned into the pTrc plasmid and sequenced to confirm that no mutations 
were introduced during PCR amplification. The I-Crel selection system is evaluated for cell 
survival rates. 

[00234] In addition, molecular modeling was performed and protein residues that contact 
directly the DNA substrate were identified. In addition, we designed the intermediate 
sequences for in vitro co-evolution experiments. 

Target residues for saturation mutagenesis 
Target residue Target residue 

YN-TS5-L Q26andS32 YN-TS6-I* Q26, K28 and R68 
YN-TS5-RI1 R68,R7QandD75 YN-TS6-Eil Q44 and R68 
YN-TS5-Ri2 Q26andK28 YN-TS6-Ri2 N30,Y33aodQ38 
YN-TS5-RI3 N30, Y33 andQ3B 
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[00235] Subsequent, libraries of ICrel mutants are generated and screened for ICrel 
derivatives with novel target sequences. Further coevo/uiion of these enzymes results In 
the generation of novel meganucleases specific for a target sequence wilhin exon IV of rat 
IgM (CAACTGATCCTGAGGGAGTCGG). 

[00236] Engineering of zinc-finger nucleases 

[00237] Zinc-finger proteins (ZFP) were designed against sequences encoding rat IgM 
(exons 1-4) and assembled as described (Zhang, L. et al Synthetic zing finger transcription 
factor action at an endogenous chromosomal site, Activation of the human erythropoietin 

' gene. J. Biol. Chem 275:33050-33850,2000, and Liu, P.Q. etal. Regulation of an i 
endogenous locus agafnst a panel of designed zinc finger proteins targeted to accessible 
chromatin regions. Activation of vascular endothelial growth factor. J Biol. Chem. 
2765:11323-11334,2001), to yield the following 2FP moieties 

sas RacegrJUOA secp/ortc* Bfiflerl FlngcrS FJnfltr3 Finger A KDflerS RftgorC links/* Z-S UnVcf4-5 
17&S3 ASACAGGGGGCTCTC KVWGUE TSSOLSR RS0HL5R FSDW.SE OKAHRKV 1S65RP ioew» 
17065 AATTTSCTGGCCAT6 R$0/U.S7 DRSTRTK fiSDALAR RSDSISA 7SSNRXT 7GGQRP TGEKP 
17057 GTtCTGGTOoTT RSA&AR RSDHIRE TSGSISR GSGSLTO BSDVLSE 7CGBGS0RP 16SQKP 
17063 GMGTCATGCAGGOTCTC DRSALSR TSGHLSR RSONLST KWV7R1N ORSALSR TfSGSLTR TGGQRP TGSQKP 
17090 GCTGCCATTGGGG7G R5D/4AR RSDHIST HSNARXN ERGTUR 7SCHLSR 0SGNLAR 7GEXP T6SQKP 
rtoso GCTGTGGGTGTCGCT OSSOLSR fWDALTQ TSGKLSR RS0AISR ORSDtSR 7GG0RP TGEXP 
17119 ACCATOTSTGGCAGGG RSAHISR QSGW.7R R50AIAR RSOTtSV Dh'STRIK TGEKP TGEKP 
17150 GAGGACCGTGGACMG RSAM.SV ORAM.SR RSQA1AR DRSDLSR RSDD17R TG6KP 7GEKP 

[00238] DNA encoding ZFPs were cloned into an expression vector. Rat C6 cells were 
obtained from the American Type Culture Collection and grown as.recommended in F-12 
medium (Invitrogen) supplemented with 5% qualified fetal calf serum (FCS, Hyclone), 15% 
horse serum (invitrogen) and 5mM glutamine. Cells were disassociated from plasticware 
using TrypLE Select protease (Invitrogen). For transaction, 200,000 C6 cells were mixed 

with 400ng plamid DNA and 20pL Amaxa Solution SF. Cells were transfecled in an Amaxa 
Nucfeofector (I Shuttle using program 96 FF-137 and recovered Into 0.1L warm, 
supplemented, F-12 medium. Three and nine days post transfection cells were harvested 
and chromosomal DNAv/as prepared using a Quick Extract Soultion 1.0 (Epicentre). The 
appropriate region of the IgM iocus was PCR amplified using Accuprime High-fidelity DNA 
polymerase (Invitrogen). PCR reactions were heated to 94°, then gradually cooled to room 

temperature. Approximately 200ng of the annealed DNA was mixed with 0.33pL CEL-I 

enzyme (Transgenomic) and incubated for 20 minutes at 42®. Reaction products were 

analyzed by poiyacryiamide gel electrophoresis in 1X Tris-borate-EDTA buffer. A typical 
example demonstrating cleat/age activity Is shown in Figure 6. 
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[00239] Generafion of rafs v/ith inactivated endogenous heavy chain iocus using 
expression piasmids encoding a meganuclease 

[QQ240]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 encoding a tetracycline-
responsive reverse transactwalor. Purified plasmid DNA is injected into pronuclei of such 
fertilized rat oocytes. Subsequently, rat embryos are transferred into foster mothers and 
brought to term. Newborns are analyzed for the presence of meganuclease-encoding 

i 
transgene by PCR using DNA isolated from tissue samples. Male transgenic founder ' 
animals are housed for four months when they reach sexual maturity. Expression of 
meganucfease in transgenic animals is induced by daily administration of doxycycline for 
one to seven days. Subsequently, sperm is collected twice per week and analyzed by PCR. 
Male animals producing mutated sperm are used for breeding. Offspring with mutated rat 

Cp are identified by PCR analysis of tissue samples. 

[00241] Generation of rats with insalivated endogenous heavy chain locus by microinjection 
of fertilized oocytes with plasmid DNA encoding a specific meganuclease 

£00242] A cDNA sequence encoding a meganuclease specific for a rat Cp exon is cloned 
into an expression vector where expression is controlled by the CAG-promoter. Purified 
plasmid DNA is is injected into pronuclei of fertilized rat oocytes. Subsequently, rat 
embryos are transferred into foster mothers and brought to term. Newborns are analyzed 
for the presence mutated IgM exons by PCR and direct sequencing. Alternatively, animals 
containing cells with mutated IgM exons are identified by incubation of heated and coofed 
PCR products with CEL-I enzyme and subsequent gel electrophoresis. 
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Claims 

1. A method of generating a rat, comprising: 

(A) injecting into a rat germ ceil, rat fertilized oocyte or a rat embryo, a meganuclease specific 
for Ig gene fragments in heavy and/or light chain loci endogenous to the rat, wherein the 
meganuclease introduces doublestrand_breaks into said heavy and/or 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 Ig light chain locus and/or a lg 
heavy chain locus. 

5. The rat according to claim 3, wherein the artificial Ig locus comprises an ig locus comprising 
fragments of human and rat Ig loci including multiple immunoglobulin gene segments, optionally 
wherein: (i) at least one variable (V) gene segment is a human V gene segment; and/or ii) at least one 
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 Ig 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 ceil 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 ceil to produce the monoclonal antibody. 

9. 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; (iii) isolating from the monoclonal antibody producing ceil a monoclonal 
antibody nucleic acid which encodes the monoclonal antibody 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 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; (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: i) 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 transfected 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 immunoglobulin 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 immunoglobulin 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 (ii) 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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