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HUMANIZED RODENTS FOR TESTING THERAPEUTIC AGENTS

RELATED APPLICATION

[0001] This application claims the benefit of priority to U.S. Provisional Patent
Application serial number 62/648,197, filed March 26, 2018, and U.S. Provisional Patent
Application serial number 62/689,628, filed June 25, 2018, each of which is hereby

incorporated by reference in its entirety.

SEQUENCE LISTING

[0002] This application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on March 20, 2019, is named RPB-01925 (28744-01925) SL txt and
is 12,008 bytes in size.

BACKGROUND

[0003] The safety, efficacy and pharmacokinetic properties of therapeutic agents are
usually tested in animal models before such drugs are administered to humans. Use of
larger animals, such as non-human primates, in such preclinical studies is expensive and
suitable disease models are often not available which limits the usefulness of such animals
in testing drug efficacy.

[0004] Due to their small size and well-characterized physiology rodents have long
been used as animal models for the preclinical testing of therapeutic agents. Further,
rodents are highly amenable to genetic modification using well-established techniques and
thus, there are many disease models available in rodents that are not available in larger
mammals. Complex therapeutic agents, however, such as antibodies and Fc fusion proteins,
often behave differently in rodents than they do in humans. For example, such therapeutic
agents often exhibit very different pharmacokinetic properties when administered to rodents
compared to when they are administered to humans, limiting the usefulness of rodent
models as predictors of the safety, efficacy and optimal dosing of complex therapeutic
agents in humans. This in turn reduces the usefulness of such animal models in preclinical

testing.
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[0005] Thus, there is a great need for new animal models and methods that allow
for precise pre-clinical testing of complex therapeutic agents in rodents that produce results

that are more predictive of the properties of such therapeutic agents in human patients.

SUMMARY

[0006] Provided herein are methods and compositions related to the in vivo testing
of therapeutic agents comprising a human Fc (e.g., the testing of the pharmacokinetic
and/or pharmacodynamic properties of such therapeutic agents and dosing regimens) in
genetically modified rodents (e.g., mice or rats).

[0007] In certain embodiments, provided herein are genetically modified rodents in
which administration of human antibodies and/or human Fc fusion proteins induce a
reduced anti-human Fc immune response (e.g., mouse anti-human antibody or MAHA
response in mice). In some embodiments the genetically modified rodents (e.g., mice or
rats) express antibodies comprising a human Fc (e.g., a human IgG1 Fc, a human 1gG4 Fc).
In some embodiments, the rodents express fully human antibodies (i.e., antibodies having
human heavy chains and human light (y or ) chains).

[0008] In some embodiments, provided herein are rodents that express one or more
humanized or partially-humanized Fc receptors that interact with Fc fusion proteins or
antibodies in a way that mirrors how the Fc receptors of a human patient would interact
with such Fc fusion proteins or antibodies. Thus, in certain embodiments the genetically
modified rodents comprise one or more Fc receptors with a human extracellular domain
(e.g., a Neonatal Fc Receptor (FcRn), a B-2-microglobulin polypeptide (B2M), a Fc
receptor 1 a (FceR1a), a Fcy receptor 1 alpha (FcyR1a), a Fc gamma receptor 2a (FcyR2a),
a Fc gamma receptor 2b (FcyR2b), a Fc gamma receptor 3a (FcyR3a), a Fc gamma receptor
3b (FcyR3b), a Fc gamma receptor 2¢ (FeyR2c¢)). The transmembrane and cytoplasmic
domain of such receptors can be human or non-human (e.g., rodent, such as rat or mouse).
[0009] In certain aspects provided herein are rodents (e.g., rats or mice) and rodent
ES cells comprising in their genome a genetically modified immunoglobulin heavy chain
(IgH) locus. In certain embodiments the IgH locus comprises: (i) an immunoglobulin heavy
chain variable region comprising one or more Vu gene segments, one or more Du gene
segments and one or more Ju gene segments (e.g., rat or mouse Vu gene segments, Du gene
segments and Ju gene segments); and (ii) an immunoglobulin heavy chain constant region

comprising one or more Cu gene segments encoding an IgG constant domain comprising a
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human Cu1l domain, a human hinge region, a human Ca2 domain, a human Cu3 domain, a
human or rodent IgG transmembrane domain and a human or rodent IgG cytoplasmic
domain. In some embodiments all the Cu gene segments in the immunoglobulin heavy
chain constant region are human. In some embodiments the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region such
that the rodent produces IgG antibodies comprising variable domains derived from the Vi
gene segment, the Du gene segment and the Ju gene segment and heavy chain constant
domains derived from the Cu gene segment. In certain embodiments the locus is positioned
at the endogenous rodent immunoglobulin heavy chain locus. In some embodiments,
human antibodies and Fc fusion proteins that are isotype matched to an Fc encoded by a
human Cy in the immunoglobulin heavy chain locus of the rodent elicit a reduced immune
response when administered to such rodents. For example, in some embodiments, a human
IgG1 antibody is administered to a rodent provided herein that expresses antibodies having
human variable domains and human IgG1 constant domains. In some embodiments, a
human IgG2 antibody is administered to a rodent provided herein that expresses antibodies
having human variable domains and human IgG2 constant domains. In some embodiments,
a human IgG3 antibody is administered to a rodent provided herein that expresses
antibodies having human variable domains and human IgG3 constant domains. In some
embodiments, a human IgG4 antibody is administered to a rodent provided herein that
expresses antibodies having human variable domains and human IgG4 constant domains. In
some embodiments, a human antibody having a « light chain is administered to a rodent
provided herein that expresses antibodies having a human « light chain, e.g., expresses
antibodies having a human « constant domain, or expresses antibodies having human x
variable and constant domains. In some embodiments, a human antibody having a A light
chain is administered to a rodent provided herein that expresses antibodies having a human
A light chain, e.g., expresses antibodies having a human A constant domain, or expresses
antibodies having human A variable and constant domains. In certain embodiments
provided herein are animal models and methods for testing human antibodies and Fc-fusion
proteins using such rodents.

[0010] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified immunoglobulin kappa (Igk) chain locus. In some
embodiments the Igk locus comprises: (1) an immunoglobulin k chain variable region

comprising one or more human Vi« gene segments and one or more human Jx gene
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segments; and (2) an immunoglobulin k chain constant region comprising a human Ck gene
segment. In some embodiments, the immunoglobulin k chain variable region is operably
linked to the immunoglobulin «k chain constant region such that the rodent produces
antibodies comprising light chain variable domains derived from the human Vi gene
segment and the human J« gene segment and light chain constant domains derived from the
Cx gene segment. In certain embodiments the locus is positioned at the endogenous rodent
immunoglobulin « chain locus. In some embodiments human antibodies that include a
human « chain elicit a reduced immune response when administered to such rodents. In
certain embodiments provided herein are animal models and methods for testing human
antibodies using such rodents.

[0011] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified immunoglobulin lambda (Igh) chain locus. In certain
embodiments the Igh locus comprises one or more human Vi gene segments, one or more
human Ji. gene segments and one or more Ci. gene segments. In some embodiments, the
human Ji. gene segments and the Cy. gene segments are arranged as one or more J,-Ca.
clusters. In some embodiments, the human Ji. gene segments and the Ci gene segments are
arranged such that the human Ji. gene segments are collectively positioned upstream of one
or more Ci gene segments. In some embodiments, the human Ji gene segments and the Ci
gene segments are arranged such that some of the human Ji gene segments and the Cy gene
segments are arranged as one or more Ji-Cy. clusters, while other J. gene segments are
collectively positioned upstream of one or more Ci. gene segments. In some embodiments,
the human V;, gene segment and the human Ji. gene segment are operably linked to the
human C gene segment such that the rodent produces antibodies comprising light chain
variable domains derived from the human V. gene segment and the human Ji. gene segment
and light chain constant domains derived from the Ci. gene segment. In certain
embodiments the locus is positioned at the endogenous rodent immunoglobulin A chain
locus. In some embodiments human antibodies that include a human A chain elicit a reduced
immune response when administered to such rodents. In certain embodiments provided
herein are animal models and methods for testing human antibodies using such rodents.
[0012] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified neonatal Fc receptor (FcRn) locus. In certain
embodiment the FcRn locus comprises a nucleic acid sequence encoding an FcRn

polypeptide comprising a human extracellular domain, a rodent or human transmembrane
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domain and rodent or human cytoplasmic domain. In certain embodiments the locus is
positioned at the endogenous rodent FcRn locus. In some embodiments the rodents further
comprise in their genome a -2-microglobulin (B2M) locus comprising a nucleic acid
sequence encoding a human B-2-microglobulin (B2M) polypeptide. In some embodiments
the nucleic acid sequence encoding a human 2M polypeptide is positioned at an
endogenous rodent f2M locus. In certain embodiments provided herein are animal models
and methods for testing human antibodies and Fc fusion proteins using such rodents.
[0013] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc epsilon receptor 1 alpha (FceR1a) locus
comprising a nucleic acid sequence encoding FceR1a polypeptide comprising a human
extracellular domain, a rodent or human transmembrane domain and a rodent or human
cytoplasmic domain. In some embodiments the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR1a locus. In certain embodiments
provided herein are animal models and methods for testing human antibodies and Fc fusion
proteins using such rodents.

[0014] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 1a (FcyR1a) a-chain locus
comprising a nucleic acid sequence encoding FcyR1a o-chain polypeptide comprising a
human extracellular domain, a rodent or human transmembrane domain and a rodent or
human cytoplasmic domain. In some embodiments the nucleic acid sequence encoding the
FcyR1a a-chain polypeptide is positioned at an endogenous rodent FcyR1a a-chain locus.
In some embodiments the genetically modified rodents provided herein further comprise a
functional FcR y-chain. In certain embodiments the functional FcR y-chain is a rodent FcR
v-chain (e.g., an FcR y-chain endogenous to the genetically modified rodents). In certain
embodiments provided herein are animal models and methods for testing human antibodies
and Fc fusion proteins using such rodents.

[0015] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 2a a-chain (FcyR2a) locus
comprising a nucleic acid sequence encoding a human FcyR2a a-chain polypeptide. In
some embodiments the nucleic acid sequence encoding the FcyR2a a-chain polypeptide is

positioned at an endogenous rodent low affinity FcyR a-chain locus. In certain
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embodiments provided herein are animal models and methods for testing human antibodies
and Fc fusion proteins using such rodents.

[0016] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 2b (FcyR2b) a-chain locus
comprising a nucleic acid sequence encoding a human FcyR2b a-chain polypeptide. In
some embodiments the nucleic acid sequence encoding the FcyR2b a-chain polypeptide is
positioned at an endogenous rodent low affinity FcyR o-chain locus. In certain
embodiments provided herein are animal models and methods for testing human antibodies
and Fc fusion proteins using such rodents.

[0017] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 3a (FcyR3a) a-chain locus
comprising a nucleic acid sequence encoding a human FcyR3a a-chain polypeptide. In
some embodiments the nucleic acid sequence encoding the FcyR3a oi-chain polypeptide is
positioned at an endogenous rodent low affinity FcyR a-chain locus. In some embodiments
the genetically modified rodents provided herein further comprise a functional FcR y-chain.
In certain embodiments the functional FcR y-chain is a rodent FcR y-chain (e.g., an FcR y-
chain endogenous to the genetically modified rodents). In certain embodiments provided
herein are animal models and methods for testing human antibodies and Fc fusion proteins
using such rodents.

[0018] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 3b (FcyR3b) a-chain locus
comprising a nucleic acid sequence encoding a human FcyR3b a-chain polypeptide. In
some embodiments the nucleic acid sequence encoding the FcyR3b a-chain polypeptide is
positioned at an endogenous rodent low affinity FcyR o-chain locus. In certain
embodiments provided herein are animal models and methods for testing human antibodies
and Fc fusion proteins using such rodents.

[0019] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a genetically modified Fc gamma receptor 2¢ (FcyR2c¢) a-chain locus
comprising a nucleic acid sequence encoding a human FcyR2c¢ a-chain polypeptide. In
some embodiments the nucleic acid sequence encoding the FcyR2c¢ a-chain polypeptide is

positioned at an endogenous rodent low affinity FcyR a-chain locus. In certain
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embodiments provided herein are animal models and methods for testing human antibodies
and Fc fusion proteins using such rodents.

[0020] In certain aspects provided herein are rodents (e.g., rats or mice) comprising
in their genome a combination of the genetically modified loci provided herein. For
example, in some embodiments the rodents provided herein comprise one or more
genetically modified loci selected from a genetically modified IgH locus provided herein, a
genetically modified Igk locus provided herein, a genetically modified Igh locus provided
herein, a genetically modified FcRn locus provided herein, a genetically modified f2M
locus provided herein, a genetically modified FceR1a locus provided herein, a genetically
modified FcyR1a locus provided herein, a genetically modified FcyR2a locus provided
herein, a genetically modified FcyR2b locus provided herein, a genetically modified
FcyR2c locus provided herein, a genetically modified FcyR3a locus provided herein, and/or
a genetically modified FcyR3b locus provided herein. In certain embodiments the rodents
provided herein comprise a genetically modified IgH locus provided herein and/or a
genetically modified Igk locus provided herein. In some embodiments the rodents provided
herein comprise a genetically modified IgH locus provided herein and/or a genetically
modified Igh locus provided herein. In some embodiments the rodents provided herein
comprise a genetically modified IgH locus provided herein, a genetically modified Igx
and/or Igh locus provided herein, a genetically modified FcRn locus provided herein and a
genetically modified f2M locus provided herein. In some embodiments the rodents
provided herein comprise a genetically modified IgH locus provided herein, a genetically
modified FcRn locus provided herein, a genetically modified f2M locus provided herein, a
genetically modified FceR1a locus provided herein, a genetically modified FcyR1a locus
provided herein, a genetically modified FcyR2a locus provided herein, a genetically
modified FcyR2b locus provided herein, a genetically modified FcyR2c¢ locus provided
herein, a genetically modified FcyR3a locus provided herein, and/or a genetically modified
FcyR3b locus provided herein.

[0021] In certain embodiments provided herein are methods of testing a therapeutic
protein comprising a human Fc¢ domain (e.g., a human antibody or an Fc fusion protein)
comprising administering the therapeutic protein to a rodent (e.g., a mouse or rat) provided
herein. In some embodiments the method further comprises measuring one or more
pharmacokinetic properties of the administered therapeutic protein. In some embodiments

the one or more pharmacokinetic parameters include, but are not limited to, area under the
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plasma concentration versus time (AUC), in vivo recovery (IVR), clearance rate (CL),
mean residence time (MRT), agent half-life (t!2), and volume of distribution at steady state
(Vss). In some embodiments, the methods further comprise measuring the therapeutic
efficacy of the administered therapeutic protein (e.g., the ability of an administered dose of
the therapeutic protein to reduce or eliminate one or more disease symptoms in the animal
model). In some embodiments, the methods further comprise measuring the safety of the
administered therapeutic protein (e.g., the extent to which an administered dose of the
therapeutic protein produces one or more adverse effects in the animal model). In certain
embodiments, the method further comprises measuring the extent to which the therapeutic
protein induces one or more Fc receptor mediated responses in the rodent (e.g., the extent to
which the therapeutic protein induces antibody-dependent cell-mediated cytotoxicity
(ADCC)). In some embodiments the method further comprises measuring the extent to
which administration of the therapeutic protein induces an anti-human Fc immune response
in the rodent. In some embodiments the method further comprises assessing the safety
and/or efficacy of a dosing regimen of the therapeutic protein.

[0022] In certain embodiments provided herein are animal models for testing a
therapeutic protein comprising a human Fc domain (e.g., a human antibody or a Fc fusion
protein). In some embodiments the animal model comprises administering the therapeutic
protein to a rodent (e.g., a mouse or rat) provided herein. In some embodiments the animal
model further comprises measuring one or more pharmacokinetic properties of the
administered therapeutic protein. In some embodiments the one or more pharmacokinetic
parameters include, but are not limited to, area under the plasma concentration versus time
(AUCQC), in vivo recovery (IVR), clearance rate (CL), mean residence time (MRT), agent
half-life (t'2), and volume of distribution at steady state (Vss). In some embodiments, the
animal model further comprises measuring the therapeutic efficacy of the administered
therapeutic protein (e.g., the ability of an administered dose of the therapeutic protein to
reduce or eliminate one or more disease symptoms in the animal model). In some
embodiments, the animal model further comprises measuring the safety of the administered
therapeutic protein (e.g., the extent to which an administered dose of the therapeutic protein
produces one or more adverse effects in the animal model). In certain embodiments, the
animal model further comprises measuring the extent to which the therapeutic protein
induces one or more Fc receptor mediated responses in the rodent (e.g., the extent to which

the therapeutic protein induces antibody-dependent cell-mediated cytotoxicity (ADCC)). In
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some embodiments the animal model further comprises measuring the extent to which
administration of the therapeutic protein induces an anti-human Fc immune response in the
rodent. In some embodiments the animal model further comprises assessing the safety
and/or efficacy of a dosing regimen of the therapeutic protein.

[0023] In some embodiments the administered therapeutic agent elicits a reduced
immune response when administered to the rodent provided herein. In some embodiments
the administered human antibody or Fc fusion protein has an isotype and/or allotype that
matches the isotype and/or allotype of Fc domain encoded by a human Cu in the genetically
modified IgH locus of the rodent provided herein. In some embodiments, human antibodies
and Fc fusion proteins that are isotype matched to an Fc encoded by a human Cu in the
immunoglobulin heavy chain locus of the rodent elicit a reduced immune response when
administered to such rodents. For example, in some embodiments, a human IgG1 antibody
is administered to a rodent provided herein that expresses antibodies having human variable
domains and human IgG1 constant domains. In some embodiments, a human IgG2 antibody
is administered to a rodent provided herein that expresses antibodies having human variable
domains and human IgG2 constant domains. In some embodiments, a human IgG3 antibody
is administered to a rodent provided herein that expresses antibodies having human variable
domains and human IgG3 constant domains. In some embodiments, a human IgG4 antibody
is administered to a rodent provided herein that expresses antibodies having human variable
domains and human IgG4 constant domains. In some embodiments, a human antibody
having a « light chain is administered to a rodent provided herein that expresses antibodies
having a human « light chain, e.g., expresses antibodies having a human k constant domain,
or expresses antibodies having human « variable and constant domains. In some
embodiments, a human antibody having a A light chain is administered to a rodent provided
herein that expresses antibodies having a human A light chain, e.g., expresses antibodies
having a human A constant domain, or expresses antibodies having human A variable and
constant domains. In some embodiments the agent is a human IgG1 antibody and the rodent
comprises genetically modified IgH locus that comprises a Ca gene segment encoding
human IgG1 CHa, hinge, CH2 and CH3 domains. In some embodiments the agent is a
human IgG4 antibody and the rodent comprises genetically modified IgH locus that
comprises a Cu gene segment encoding human IgG4 CHi, hinge, CHz and CH3 domains. In
some embodiments the therapeutic agent is a human antibody having an Igk light chain and

the rodent comprises a genetically modified Igk locus provided herein. In some
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embodiments the therapeutic agent is a human antibody having an Igh light chain and the
rodent comprises a genetically modified Igh locus provided herein.

[0024] In certain aspects, provided herein are rodent cells (e.g., ES cells, immune
cells, endothelial cells, B cells, NK cells, macrophages, dendritic cells, Langerhans cells,
eosinophils, mast cells and basophils) comprising one or more of the genetically modified
loci provided herein. For example, in some embodiments the rodent cells (e.g., rodent ES
cells) provided herein comprise a genetically modified IgH locus provided herein and/or a
genetically modified Igk locus provided herein. In some embodiments the rodent cells (e.g.,
rodent ES cells) provided herein comprise a genetically modified IgH locus provided herein
and/or a genetically modified Igk locus provided herein. In some embodiments the rodent
cells (e.g., rodent ES cells) provided herein comprise a genetically modified IgH locus
provided herein, a genetically modified Igk and/or Igh locus provided herein, a genetically
modified FcRn locus provided herein and a genetically modified 2M locus provided
herein. In some embodiments the rodent cells (e.g., rodent ES cells) provided herein
comprise a genetically modified IgH locus provided herein, a genetically modified FcRn
locus provided herein, a genetically modified B2M locus provided herein, a genetically
modified FceR1a locus provided herein, a genetically modified FcyR1a locus provided
herein, a genetically modified FcyR2a locus provided herein, a genetically modified
FcyR2b locus provided herein, a genetically modified FcyR2c¢ locus provided herein, a
genetically modified FcyR3a locus provided herein, and/or a genetically modified FcyR3b
locus provided herein.

[0025] In some embodiments provided herein are methods of making the
genetically modified rodents (e.g., rats or mice) and rodent ES cells (e.g., rat or mouse ES
cells) provided herein. In certain embodiments the method comprises genetically modifying
the genome of a rodent (e.g., a rat or a mouse) or a rodent ES cell (e.g., a rat or a mouse ES

cell) such that it comprises one or more of the genetically modified locus provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1A shows schematic summaries, not to scale, of exemplary modified
immunoglobulin heavy chain loci according to certain exemplary embodiments provided
herein. As shown, exemplary mouse heavy chain locus 1 comprises, in 5 to 3’ order, a
human variable region (comprising human Vu, human Dy, and human Ju gene segments,

for simplicity, human Vu gene segments are not shown; only a small number of gene
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segments are represented schematically — for a full repertoire of possible present V, D, and
J gene segments see imgt.org, Lefranc, M.-P., Exp. Clin. Inmunogenet., 18, 100-116
(2001), and Lefranc, M.-P. and Lefranc, G., The Immunoglobulin FactsBook, Academic
Press, London, 458 pages (2001), incorporated herein by reference), a mouse intronic
enhancer, a mouse Cy gene segment, a mouse Cs gene segment, a mouse Cy3 gene segment,
a mouse Cy1 gene segment, a mouse Cyzb gene segment, a hybrid Cu gene segment encoding
a human IgG1 extracellular domain and mouse IgG2a transmembrane and cytoplasmic
domains, a mouse Ce gene segment, a mouse Ca gene segment, and a mouse 3’ regulatory
region. As shown, exemplary mouse heavy chain locus 2 comprises, in 5’ to 3’ order, a
human variable region (comprising human Vu, human Dy, and human Ju gene segments,
for simplicity, human Vu gene segments are not shown; only a small number of gene
segments are represented schematically — for a full repertoire of possible present V, D, and
J gene segments see imgt.org, Lefranc, M.-P., Exp. Clin. Inmunogenet., 18, 100-116
(2001), and Lefranc, M.-P. and Lefranc, G., The Immunoglobulin FactsBook, Academic
Press, London, 458 pages (2001), incorporated herein by reference), a mouse intronic
enhancer, a mouse Cy gene segment, a mouse Cs gene segment, a mouse Cy3 gene segment,
a mouse Cy1 gene segment, a mouse Cyzb gene segment, a human Cy1 gene segment (both
IgG1 extracellular and transmembrane/cytoplasmic encoding sequences are human), a
mouse Ce gene segment, a mouse Cq gene segment, and a mouse 3’ regulatory region. As
shown, exemplary mouse heavy chain locus 3 comprises, in 5’ to 3’ order, a human variable
region (comprising human Va, human Dy, and human Ju gene segments, for simplicity,
human Vu gene segments are not shown; only a small number of gene segments are
represented schematically — for a full repertoire of possible present V, D, and J gene
segments see imgt.org, Lefranc, M.-P., Exp. Clin. Immunogenet., 18, 100-116 (2001), and
Lefranc, M.-P. and Lefranc, G., The Immunoglobulin FactsBook, Academic Press, London,
458 pages (2001), incorporated herein by reference), a mouse intronic enhancer, a mouse
Cy gene segment, a mouse Cs gene segment, a mouse Cy3 gene segment, a hybrid Cu gene
segment encoding a human IgG4 extracellular domain and mouse IgG1 transmembrane and
cytoplasmic domains, a mouse Cy2b gene segment, a mouse Cy2a gene segment, a mouse Ce
gene segment, a mouse Cq gene segment, and a mouse 3’ regulatory region. As shown,
exemplary mouse heavy chain locus 4 comprises, in 5’ to 3’ order, a human variable region
(comprising human Vg, human Dy, and human Ju gene segments, for simplicity, human Vu

gene segments are not shown; only a small number of gene segments are represented
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schematically — for a full repertoire of possible present V, D, and J gene segments see
imgt.org, Lefranc, M.-P., Exp. Clin. Immunogenet., 18, 100-116 (2001), and Lefranc, M.-P.
and Lefranc, G., The Immunoglobulin FactsBook, Academic Press, London, 458 pages
(2001), incorporated herein by reference), a mouse intronic enhancer, a mouse C, gene
segment, a mouse Cs gene segment, a mouse Cys gene segment, a human Cy4 gene segment
(both 1gG4 extracellular and transmembrane/cytoplasmic domain encoding sequences are
human), a mouse Cy2b gene segment, a mouse Cya gene segment, a mouse Ce gene segment,
a mouse Cq gene segment, and a mouse 3’ regulatory region. As shown, exemplary mouse
heavy chain locus 5 comprises, in 5’ to 3’ order, a human variable region (comprising
human Vg, human Dg, and human Ja gene segments, for simplicity, human Vu gene
segments are not shown; only a small number of gene segments are represented
schematically — for a full repertoire of possible present V, D, and J gene segments see
imgt.org, Lefranc, M.-P., Exp. Clin. Immunogenet., 18, 100-116 (2001), and Lefranc, M.-P.
and Lefranc, G., The Immunoglobulin FactsBook, Academic Press, London, 458 pages
(2001), incorporated herein by reference), a human intronic enhancer, a human C, gene
segment, a human Cs gene segment, a human Cy3 gene segment, a human Cy1 gene segment,
and a mouse 3’ regulatory region. As shown, exemplary mouse heavy chain locus 6
comprises, in 5’ to 3’ order, a human variable region (comprising human Vg, human Dgy,
and human Ju gene segments, for simplicity, human Vu gene segments are not shown; only
a small number of gene segments are represented schematically — for a full repertoire of
possible present V, D, and J gene segments see imgt.org, Lefranc, M.-P., Exp. Clin.
Immunogenet., 18, 100-116 (2001), and Lefranc, M.-P. and Lefranc, G., The
Immunoglobulin FactsBook, Academic Press, London, 458 pages (2001), incorporated
herein by reference), a human intronic enhancer, a human Cy gene segment, a human Cs
gene segment, a human Cy3 gene segment, a human Cy1 gene segment, a human C,2 gene
segment, a human Cys gene segment, and a mouse 3’ regulatory region. As shown,
exemplary mouse heavy chain locus 7 comprises, in 5’ to 3 order, a mouse variable region
(comprising mouse Vu, mouse Dy, and mouse Ju gene segments, for simplicity, mouse Vu
gene segments are not shown; only a small number of gene segments are represented
schematically — for a full repertoire of possible present V, D, and J gene segments see
imgt.org), a mouse intronic enhancer, a human C, gene segment, a human Cs gene segment,
a human Cy3 gene segment, a human Cy1 gene segment, and a mouse 3’ regulatory region.

As shown, exemplary mouse heavy chain locus 8 comprises, in 5’ to 3" order, a mouse
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variable region (comprising mouse Vi, mouse Dy, and mouse Ju gene segments, for
simplicity, mouse Vu gene segments are not shown; only a small number of gene segments
are represented schematically — for a full repertoire of possible present V, D, and J gene
segments see imgt.org), a mouse intronic enhancer, a human C, gene segment, a human Cs
gene segment, a human Cy3 gene segment, a human Cy1 gene segment, a human Cy2 gene
segment, a human Cy4 gene segment, and a mouse 3’ regulatory region. Although not
shown, the loci in these embodiments comprise functional mouse Adam6 genes (e.g., Adam
6a and/or Adam6b). Unless otherwise indicated (e.g., for lox sites, etc.), empty shapes and
double lines represent human sequences and filled shapes and single lines represent mouse
sequences.

[0027] Figure 1B shows a schematic summary, not to scale, of an exemplary
method for the creation of exemplary modified immunoglobulin heavy chain locus 5
depicted in Figure 1A as described in Example 1.1. For simplicity, human Vu gene
segments and mouse Adam6 gene are not shown in every schematic diagram. Unless
otherwise indicated (e.g., for lox sites, etc.), empty shapes and double lines represent
human sequences and filled shapes and single lines represent mouse sequences.

[0028] Figure 1C shows a schematic summary, not to scale, of an exemplary
method for the creation of exemplary modified immunoglobulin heavy chain locus 6
depicted in Figure 1A as described in Example 1.1. For simplicity, human Vu gene
segments and mouse Adam6 gene are not shown in every schematic diagram. Unless
otherwise indicated (e.g., for lox sites, etc.), empty shapes and double lines represent
human sequences and filled shapes and single lines represent mouse sequences.

[0029] Figure 1D shows a schematic summary, not to scale, of an exemplary
method for the creation of exemplary modified immunoglobulin heavy chain locus 7
depicted in Figure 1A as described in Example 1.2. For simplicity, mouse Vu gene
segments are not shown in every schematic diagram. Unless otherwise indicated (e.g., for
lox sites, etc.), empty shapes and double lines represent human sequences and filled shapes
and single lines represent mouse sequences.

[0030] Figure 1E shows a schematic summary, not to scale, of an exemplary
method for the creation of exemplary modified immunoglobulin heavy chain locus 8
depicted in Figure 1A as described in Example 1.2. For simplicity, mouse Vu gene

segments are not shown in every schematic diagram. Unless otherwise indicated (e.g., for
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lox sites, etc.), empty shapes and double lines represent human sequences and filled shapes
and single lines represent mouse sequences.

[0031] Figure 2A shows schematic summaries, not to scale, of exemplary modified
immunoglobulin light chain loci according to certain exemplary embodiments provided
herein. The top exemplary schematic depicts an Igk locus comprising a human variable
region, a mouse intronic enhancer, a human Cy constant region gene segment, and a mouse
3’ enhancer. The bottom exemplary schematic depicts an Igh locus comprising Vi gene
segments, human J,-Ci. tandem pairs, a human Ji7 and a mouse Ciu gene segment, human
enhancers 1, 2, and 3, and a mouse 3’ enhancer. Unless otherwise indicated (e.g., for loxp
site, etc.), empty shapes and double lines represent human sequences and filled shapes and
single lines represent mouse sequences.

[0032] Figure 2B shows a schematic summary, not to scale, of an exemplary
method for the creation of exemplary modified immunoglobulin kappa chain locus depicted
in Figure 2A as described in Example 1.3. Unless otherwise indicated (e.g., for loxp sites,
etc.), empty shapes and double lines represent human sequences and filled shapes and
single lines represent mouse sequences.

[0033] Figure 3A shows the levels of mouse IgG, mouse IgM, human IgM, human
IgG1 and human IgG3 present in the serum of hVs-hIgM-hIgD-hIgG3-hIgG1 mice (locus
5), VELOCIMMUNE® mice and in normal human serum.

[0034] Figure 3B shows FACS plots for hIgM vs mIgM and hIgD vs mIgD to show
allele utilization and presence of allelic exclusion in hVs-hIgM-hIgD-hIgG3-hIgG1 mice
(locus 5) and VELOCIMMUNE® mice.

[0035] Figure 3C shows the levels of mouse IgG, mouse IgM, human IgM, human
IgG1 and human IgG4 present in the serum of mice indicated.

[0036] Figure 3D shows the concentrations of mouse against human antibodies at
day 0 and day 34 in the indicated mice following injection of a human IgG4 antibody.
[0037] Figure 3E shows the concentrations of human IgG4 antibody in the
indicated mice during the first 34 days following its injection.

[0038] Figure 4 shows a schematic summary, not to scale, of an exemplary method
for the creation of an exemplary modified FcRn locus as described in Example 3. Unless
otherwise indicated (e.g., for loxp sites, etc.), empty shapes and double lines represent

human sequences and filled shapes and single lines represent mouse sequences.
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[0039] Figure S shows a schematic summary, not to scale, of an exemplary method
for the creation of mice comprising exemplary modified FcRn and $2M loci as described in
Example 3. Unless otherwise indicated (e.g., for loxp sites, etc.), empty shapes and double
lines represent human sequences and filled shapes and single lines represent mouse
sequences.

[0040] Figure 6 shows the antibody clearance (depicted as antibody concentration)
of a human antibody by mice comprising exemplary modified FcRn and B2M loci,
compared to wild-type mice.

[0041] Figure 7 shows a schematic summary, not to scale, of an exemplary method
for the creation of mice comprising exemplary modified FcyR1a (shown as FCGR1 in the
figure), FcyRIIla, FcyRIla, FeyRIle, FeyRIIb, FeyRIIIb and heavy chain loci as described
in Example 4. Empty shapes and double lines represent human sequences and filled shapes
and single lines represent mouse sequences.

[0042] Figure 8A shows FACS plots depicting the utilization of mouse IgD vs
mouse IgM, human IgD vs human IgM in mice bearing human high affinity FcyR and
human low affinity FcyR and human heavy chain constant regions.

[0043] Figure 8B shows the number or percentage of T cells (mCD3 positive) and
B cells (mCD19 positive) present in the spleens of mice bearing human high affinity FcyR
and human low affinity FcyR and human heavy chain constant regions compared to wild-
type mice.

[0044] Figure 8C shows the serum concentration of human IgM, human IgG1 and
human IgG3 in mice bearing human high affinity FeyR and human low affinity FcyR and
human heavy chain constant regions compared to normal human serum.

[0045] Figure 9 shows a schematic summary, not to scale, of an exemplary method
for the creation of mice comprising an exemplary modified FceR1a locus as described in
Example 5. Unless otherwise indicated (e.g., for loxp site, etc.), empty shapes and double
lines represent human sequences and filled shapes and single lines represent mouse
sequences.

[0046] Figure 10, on the left panel, shows a FACS plot demonstrating that
humanized FceR1a is expressed on the surface of basophils in exemplary mice comprising

the humanized FceR1a locus disclosed herein. On the right panel, the figure shows the
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percentage of mouse or human FceR1a+ basophils present in the spleens of mice
comprising the humanized FceR1a locus disclosed herein compared to wild-type mice.
[0047] Figure 11 shows that an exemplary humanized FceR1a locus provided
herein is functional. Mice were sensitized by intradermal ear injections with either human
allergen-specific IgEs or IgG as a negative control. After 1 day, mice were challenged IV
with allergen diluted in Evans blue dye. Evans blue dye extravasation in the ear was
measured as a readout of mast cell degranulation. As human IgE does not bind to mouse
FceR1, the response in the mouse comprising the humanized FceR1a locus indicates that a
functional FceR 10 was produced.

[0048] Figure 12 shows that an exemplary humanized FceR 1o locus provided
herein is functional. Mice were sensitized with an IV injection of human allergen-specific
IgE. After 1 day, mice were challenged with an IV injection of allergen and temperature
changes were monitored over a 4 hour time period after the injection. Temperature drop is a
readout of systemic anaphylaxis.

[0049] Figure 13 shows a schematic summary, not to scale, of an exemplary
method for the creation of mice comprising exemplary humanized FcRn, f2M, FceR1a,
FcyR1a (shown as FCGR1 in the figure), FcyRIIla, FcyRIla, FeyRlIlc, FeyRIIb, FeyRIIIb,
heavy chain constant region loci, and heavy chain variable region loci as described in
Example 6. For simplicity, in loci F and F’ only a small number of gene segments are
represented schematically — for a full repertoire of possible present V, D, and J gene
segments see imgt.org, Lefranc, M.-P., Exp. Clin. Immunogenet., 18, 100-116 (2001), and
Lefranc, M.-P. and Lefranc, G., The Immunoglobulin FactsBook, Academic Press, London,
458 pages (2001), incorporated herein by reference. Empty shapes and double lines

represent human sequences and filled shapes and single lines represent mouse sequences.

DETAILED DESCRIPTION
General
[0050] Provided herein are methods and compositions related to the in vivo testing

of therapeutic agents comprising a human Fc in genetically modified rodents (e.g., the
testing of the pharmacokinetic and/or pharmacodynamic properties and dosing regimens of
such therapeutic agents in genetically modified rodents). In some embodiments the

genetically modified rodents express antibodies comprising a human Fc (e.g., a human
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IgG1 Fc, a human IgG2 Fc, a human IgG3 Fc, a human IgG4 Fc) or human light chain
constant regions. In some embodiments, the rodents express fully human antibodies (i.e.,
antibodies having human heavy chains and human light (y or k) chains). In certain
embodiments the genetically modified rodents comprise one or more Fc receptors with a
human extracellular domain (e.g., a Neonatal Fc Receptor (FcRn), a B-2-microglobulin
polypeptide (B2M), a F¢ ¢ receptor 1 a (FceR1a), a Fc y receptor 1 alpha (FcyR1a), a Fe
gamma receptor 2a (FcyR2a), a Fc gamma receptor 2b (FcyR2b), a Fc gamma receptor 3a
(FcyR3a), a Fc gamma receptor 3b (FcyR3b), a Fc gamma receptor 2¢ (FcyR2c)). The
transmembrane and cytoplasmic domain of such receptors can be human or non-human
(e.g., rodent).

[0051] Therapeutic agents comprising a human Fc, such as therapeutic human
antibodies and human Fc fusion proteins, are typically tested in non-human species before
they are administered to humans. While such agents are often tested in non-human primates
or other relatively large mammals, such testing is expensive and places a significant
financial burden on drug developers. Moreover, non-human primates and other relatively
large mammals are often not amenable to genetic modification, which limits the disease
models available in such organisms.

[0052] In contrast, rodent species (e.g., rats and mice) are convenient animal models
for testing therapeutic antibodies and Fc fusion proteins due to their small size, well-
characterized physiology and amenability to genetic modification. Unfortunately, agents
comprising a human Fc region often exhibit very different pharmacokinetic and
pharmacodynamic properties when administered to prior art rodents compared to when
administered to humans. For example, when therapeutic agents with human Fc regions are
administered to conventional rodents, the human sequences in the Fc regions are often
identified as foreign by the rodent (e.g., rat or mouse) immune system. As a consequence,
the rodent may mount an immune response against the administered therapeutic agents
(known as mouse anti-human response or MAHA), which affects the pharmacokinetic and
pharmacodynamic properties of the administered agents. Moreover, the human Fc regions
of the therapeutic agents may interact differently with the rodent (e.g., rat or mouse) Fc
receptors in the rodents than they do with human Fc receptors in patients, which can also
impact the pharmacokinetic and pharmacodynamic properties of the administered agents.
Thus, conventional rodent (e.g., rat or mouse) models are often poor predictors of human

therapeutic responses to therapeutic agents comprising a human Fc. Thus, mice having
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human immunoglobulin locus regions (e.g., see loci in FIGs 1 and 2) are helpful in reducing
or eliminating MAHA responses.

[0053] Having a molecule that can specifically bind a drug is extremely useful for
research and diagnostic purposes. The creation of mice with mouse variables and human
constants (e.g., mouse locus 8 in Figure 1A) provides an improved method for generating
anti-drug antibodies when the drug is a human monoclonal antibody. Any MAHA response
generated by injecting the mice with a human antibody will be directed to the variable
regions of the antibody. This eliminates the background response against the constant
region of the antibody and makes generating drug specific antibodies more efficient.
[0054] Provided herein are in vivo systems for the development, screening and
testing of human antibodies and Fc fusion proteins for therapeutic use. In certain
embodiments, provided herein are genetically modified rodents with a reduced rodent-anti-
human immune response following administration of a therapeutic agent comprising a
human Fc. As demonstrated herein, this can be accomplished through the use of rodents
that have been genetically modified such that they express a human Fc that matches the Fc
present in the administered antibody or Fc fusion protein. Such mice can be made, for
example, through the insertion of a nucleic acid sequence that encodes a human
immunoglobulin heavy chain constant region, in whole or in part (e.g., [gG Cul-H-Cn2-
Cu3), in the place of a sequence that encodes the corresponding portions of an endogenous
non-human immunoglobulin heavy chain constant region gene segment. Such animals
recognize the human Fc as a “self” protein and are therefore less likely to develop an
immune response against the administered human Fc-containing therapeutic.

[0055] In addition, in some embodiments provided herein are genetically modified
rodents (e.g., mice or rats) expressing Fc receptors that are able interact with human Fc
similarly to the Fc receptors expressed by a human patient. For example, in certain
embodiments the genetically modified rodents provided herein express one or more Fc
receptors having at least human extracellular domains (e.g., the transmembrane and
cytoplasmic domains can be either human or rodent). Thus, in certain embodiments, the
mice provided herein express a human or partially human FcRn, a human or partially
human B2M, a human or partially human FceR1a, a human or partially human FcyR1a, a
human or partially human FcyR2a, a human or partially human FcyR2b, a human or

partially human FcyR3a, a human or partially human FcyR3b, and/or a human or partially

-18 -



WO 2019/190990 PCT/US2019/023899

human FcyR2c¢. Such mice are therefore able to more accurately mimic the human Fc
responses of human patients compared to rodents with fully non-human Fc receptors.
[0056] Thus, rodents (e.g., mice or rats) provided herein provide a novel in vivo
system for the development, selection and testing of therapeutic human antibodies and Fc
fusion proteins based not merely on specificity and/or affinity for antigen, but on the
relevant whole biological function of the selected antibody through evaluation of effector
functions within the internal milieu of an immune system. In this way, human therapeutic
candidates can be developed and selected based on therapeutic potential evaluated on a
whole molecule level with relevant biological responses (e.g., cellular responses) rather
than predictions based solely on individual components evaluated separately. Thus, rodents
provided herein specifically provide a system that is more suitable for the prediction of

clinical human therapeutic antibody function in vivo.

Definitions

[0057] The articles “a” and “an” are used herein to refer to one or to more than one
(i.e., to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

[0058] The term “amino acid’ is intended to embrace all molecules, whether natural
or synthetic, which include both an amino functionality and an acid functionality and
capable of being included in a polymer of naturally-occurring amino acids. Exemplary
amino acids include naturally-occurring amino acids; analogs, derivatives and congeners
thereof; amino acid analogs having variant side chains; and all stereoisomers of any of any
of the foregoing.

[0059] As used herein, the term “antibod)” may refer to both an intact antibody and
an antigen binding fragment thereof. Intact antibodies are glycoproteins that include at least
two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds. Each
heavy chain includes a heavy chain variable domain and a heavy chain constant domain.
Each light chain includes a light chain variable domain and a light chain constant domain.
The heavy chain variable domains and light chain variable domains can be further
subdivided into domains of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions (FR).
Each heavy chain variable domain and light chain variable domain is composed of three

CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the following
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order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable domains of the heavy and
light chains contain a binding domain that interacts with an antigen.

[0060] The terms “antigen binding fragment” and “antigen-binding portion” of an
antibody, as used herein, refers to one or more fragments of an antibody that retain the
ability to bind to an antigen. Examples of binding fragments encompassed within the term
“antigen-binding fragment” of an antibody include Fab, Fab', F(ab'), Fv, scFv, disulfide
linked Fv, Fd, single-chain antibodies, isolated CDRH3, and other antibody fragments that
retain at least a portion of the variable domain of an intact antibody. These antibody
fragments can be obtained using conventional recombinant and/or enzymatic techniques
and can be screened for antigen binding in the same manner as intact antibodies.

[0061] As used herein the term “area under the plasma concentration versus time
curve” or “AUC” refers to the rate and extent of elimination of a therapeutic agent
following administration. In some embodiments AUC is determined over a specified time
period, such as 12, 18, 24, 36, 48, or 72 hours, or for infinity using extrapolation based on
the slope of the curve. Unless otherwise specified herein, AUC is determined for infinity
(AUCF). AUC may also be calculated on a per dose basis. As with many of the other PK
parameters, the determination of AUC may be carried out in a single animal, or in a
population of animals for which the average is calculated.

[0062] As used herein, the term “clearance rate” or “CL” refers to a measure of the
body's ability to eliminate a drug, and is expressed as the volume of plasma cleared of drug
over time.

[0063] The phrase “derived from” when used concerning a rearranged variable
region gene “derived from” an unrearranged variable region and/or unrearranged variable
region gene segments refers to the ability to trace the sequence of the rearranged variable
region gene back to a set of unrearranged variable region gene segments that were
rearranged to form a gene that expresses the variable domain (accounting for, where
applicable, splice differences and somatic mutations). For example, a rearranged variable
region gene that has undergone somatic mutation is still derived from the unrearranged
variable region gene segments. In some embodiments, where the endogenous locus is
replaced with a universal light chain or heavy chain locus, the term “derived from”
indicates the ability to trace origin of the sequence to said rearranged locus even though the

sequence may have undergone somatic mutations.
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[0064] As used herein, the phrase “endogenous gene” or “endogenous gene
segment” refers to a gene or gene segment found in a parent or reference organism prior to
introduction of a disruption, deletion, replacement, alteration, or modification as described
herein. In some embodiments, a reference organism is a wild-type organism. In some
embodiments, a reference organism is an engineered organism. In some embodiments, a
reference organism is a laboratory-bred organism (whether wild-type or engineered).
[0065] The term “in vivo recovery” or “IVR” refers to the incremental recovery (K-
value), which is the observed peak activity minus predose level and then divided by the
dose. IVR may also be calculated on a percentage basis. The mean IVR can be determined
in an animal population, or the individual IVR can be determined in a single animal.

[0066] As used herein, the term “/ocus” refers to a location on a chromosome that
contains a set of related genetic elements (e.g., genes, gene segments, regulatory elements).
For example, an unrearranged immunoglobulin locus may include immunoglobulin variable
region gene segments, one or more immunoglobulin constant region genes and associated
regulatory elements (e.g., promoters, enhancers, switch elements, ezc.) that direct V(D)J
recombination and immunoglobulin expression. A locus can be endogenous or non-
endogenous. The term “endogenous locus” refers to a location on a chromosome at which a
particular genetic element is naturally found. In some embodiments, an endogenous locus
has a sequence found in nature. In some embodiments, an endogenous locus is a wild-type
locus. In some embodiments, an endogenous locus is an engineered locus. For example, an
endogenous mouse immunoglobulin heavy chain locus refers to the location on mouse
chromosome 12 that includes immunoglobulin heavy chain variable region gene segments
and constant region genes in a wild-type mouse, an endogenous mouse immunoglobulin A
light chain locus refers to the location on mouse chromosome 16 that includes
immunoglobulin A light chain variable region gene segments and constant region genes in a
wild-type mouse, while an endogenous mouse immunoglobulin « light chain locus refers to
the location on mouse chromosome 6 that includes immunoglobulin k light chain variable
region gene segments and constant region genes in a wild-type mouse.

[0067] Unrearranged variable region gene segments can be said to be “operably
linked’ to a contiguous constant region gene if the unrearranged variable region gene

segments are capable of rearranging to form a rearranged variable region gene that is
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expressed in conjunction with the constant region gene as a polypeptide chain of an antigen
binding protein.

[0068] The terms “polynucleotide”, and “nucleic acid” are used interchangeably.
They refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or
ribonucleotides, or analogs thereof. Polynucleotides may have any three-dimensional
structure, and may perform any function. The following are non-limiting examples of
polynucleotides: coding or non-coding regions of a gene or gene fragment, loci (locus)
defined from linkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides, branched
polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes, and primers. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and nucleotide analogs. If present,
modifications to the nucleotide structure may be imparted before or after assembly of the
polymer. A polynucleotide may be further modified, such as by conjugation with a labeling
component. In all nucleic acid sequences provided herein, U nucleotides are
interchangeable with T nucleotides.

[0069] The term “unrearranged’ includes the state of an immunoglobulin variable
region locus or variable region gene segments wherein V gene segments and J gene
segments (for heavy variable regions, D gene segments as well) are maintained separately
but are capable of being joined to form a rearranged V(D)J gene (a “variable region gene”)
that comprises a single V,(D),J of the V(D)J repertoire.

[0070] As used herein, the term “volume of distribution at steady state” or “Vss”
refers to the apparent space (volume) into which a drug distributes. More particularly, Vss
represents the amount of drug in an animal’s body divided by the plasma concentration at
steady state.

[0071] As used herein, the term “Cu gene segment” (e.g., Cyl gene segment, Cy2a
gene segment, Cyxc gene segment, Cp gene segment, Cy2b gene segment, Cy3 gene segment,
Cs gene segment, Ce gene segment, Cq gene segment, etc.) refers to a segment of DNA
sequence that encodes the immunoglobulin heavy chain constant region and may be used
interchangeably with Cu gene (e.g., Cy gene, Cy2a gene, Cy2c gene, Cys gene, Cyzb gene, Cp
gene, Cs gene, Ce gene, Cq gene, etc.). For example, Cy1 gene segment or Cyl gene refers

to a segment of DNA sequence that encodes the IgG1 constant region. The term “Cu gene
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segment locus” refers to a location on a chromosome at which the Cu gene segment or Cu

gene is naturally found.

Genetically Modified Loci

[0072] In certain aspects provided herein are genetically modified rodents (e.g.,
mice or rats) useful for the in vivo testing of therapeutic agents comprising a human F¢ in
genetically modified rodents (e.g., the testing of the pharmacokinetic and/or
pharmacodynamic properties of such a therapeutic agent in genetically modified rodents).
In some embodiments the genetically modified rodents comprise genetically modified loci
that encode antibody heavy chains comprising a human Fc (e.g., a human IgG1 Fc, a human
IgG4 Fc). In some embodiments, the rodents comprise genetically modified loci that encode
fully or partially human light chains (e.g., that encode vy light chains or k light chains). In
certain embodiments, the genetically modified rodents comprise one or more loci that
encode Fc receptors with a human extracellular domain (e.g., a Neonatal Fc Receptor
(FcRn) a-chain, a B-2-microglobulin polypeptide (B2M), a Fc € receptor 1 a (FceR1a) o-
chain, a Fc y receptor 1 alpha (FcyR1a) a-chain, a Fc gamma receptor 2a (FcyR2a) a-chain,
a Fc gamma receptor 2b (FcyR2b) a-chain, a Fc gamma receptor 3a (FcyR3a) a-chain, a Fc
gamma receptor 3b (FcyR3b) a-chain, a Fc gamma receptor 2¢ (FcyR2c¢) a-chain). In
certain embodiments, the transmembrane and cytoplasmic domain encoded by such loci can

be human or non-human (e.g., rodent).

Humanized Immunoglobulin Heavy Chain Loci

[0073] In certain aspects, provided herein are rodents (e.g., mice or rats) comprising
genetically modified immunoglobulin (Ig) heavy chain loci. Such loci generally comprise a
variable region and a constant region. The variable region includes Ig heavy chain variable
region gene segments (e.g., at least a Vu gene segment, a Dy gene segment and a Ju gene
segment). The constant region locus includes one or more Ig heavy chain constant region
gene segments (Cn). In certain embodiments the immunoglobulin heavy chain variable
region is operably linked to the immunoglobulin heavy chain constant region such that the
rodent produces antibodies comprising variable domains derived from the Vu gene
segment, the Du gene segment and the Ju gene segment and heavy chain constant domains

derived from the Cu gene segment.
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[0074] In some embodiments the variable region will be an unrearranged variable
region and will contain unrearranged Ig variable region gene segments. In some
embodiments, the variable region will be a rearranged variable region and will therefore
contain a rearranged variable region gene. In certain embodiments, the Ig variable region
gene segments are human variable region gene segments. In certain embodiments, the Ig
variable region gene segments are rodent (e.g., rat or mouse) variable region gene segments
(e.g., rat or mouse variable region gene segments). Thus, in certain embodiments, the Ig
heavy chain variable region locus will contain human Ig variable region gene segments.
Exemplary variable region loci comprising human variable region gene segments have been
described in the art. For example, such loci are described in U.S. Pat. Nos. 5,770,429,
5,814,318, 6,114,598, 6,998,514, 8,232,449, 8,502,018 and 8,697,940, each of which is
hereby incorporated by reference, and in U.S. Pat. Pub. Nos. 2008/0098490, 2012/0167237,
2013/0145484, 2013/0326647, 2014/013275 and 2014/093908, each of which is hereby
incorporated by reference.

[0100] In certain embodiments, the Ig heavy chain variable region locus contains
unrearranged human Ig heavy chain variable region gene segments. In some embodiments,
the unrearranged human Ig variable region gene segments comprise one or more human Vu
segments, one or more human Du segments and one or more human Ju segments. In some
embodiments, the unrearranged human Ig variable region gene segments comprise at least 3
Vu gene segments, at least 18 Vu gene segments, at least 20 Vu gene segments, at least 30
VH gene segments, at least 40 Vu gene segments, at least 50 Vu gene segments, at least 60
Vi gene segments, at least 70 Vu gene segments, or at least 80 Vu gene segments. In some
certain embodiments, an engineered IgH locus (or allele) comprises all or substantially all
the functional human Vu gene segments found between human Vu3-74 and human Vu6-1
gene segments, inclusive, of a human IgH locus that appears in nature. In some certain
embodiments, an engineered IgH locus (or allele) comprises at least human Vu gene
segments Vu3-74, Vu3-73, Vu3-72, Vu2-70, Vu1-69, Vu3-66, Vu3-64, Vud-61, Vad-59,
Vul-58, Va3-53, Vu5-51, Vu3-49, Vu3-48, Vi1-46, Vir1-45, Vu3-43, Vud-39, Vud-34,
Vu3-33, Vud-31, Vu3-30, Vud-28, Vu2-26, Vul-24, Vu3-23, Vu3-21, Vu3-20, Vul-18,
Vu3-15, Vu3-13, Vu3-11, Vu3-9, Vul-8, Vu3-7, Vu2-5, Vu7-4-1, Vue4-4, Vul-3, Vul-2
and Vu6-1. In some embodiments, the non-human animals provided herein have a restricted
immunoglobulin heavy chain locus characterized by a single polymorphic human Vu gene

segment, a plurality of Du gene segments and a plurality of Ju gene segments (e.g., as
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described in U.S. Pat. Pub. No. 2013/0096287, which is hereby incorporated by reference).
In some embodiments the Vu gene segment is Val-2 or Vu1-69. In some embodiments, the
non-human animals provided herein have a rearranged heavy chain variable region (a
universal heavy chain variable region or a common heavy chain encoding sequence, e.g., as
described in U.S. Patent Pub. No. 20140245468 and U.S. Patent Nos.: 9,204,624 and
9,930,871, each of which is hereby incorporated by reference herein in its entirety). In some
embodiments, the non-human animals provided herein comprise human unrearranged
immunoglobulin light chain, e.g., k, gene segments operably linked to a heavy chain
constant region gene at the immunoglobulin heavy chain locus (e.g., U.S. Patent No.
9,516,868, incorporated herein by reference in its entirety).

[0101] In yet other embodiments, the non-human organism may comprise in its
germline and/or genome a heavy chain immunoglobulin locus that includes insertions
and/or replacements of histidine codons designed to introduce pH-dependent binding
properties to the antibodies generated in such non-human organism. In some of such
embodiments, the histidine codons are inserted and/or replaced in the nucleic acid
sequences encoding CDR3. Various such heavy immunoglobulin loci are provided in U.S.
Patent Nos. 9,301,510, 9,334,334, U.S. Patent Application Publication Nos. 2013/0247236,
20140013456, incorporated herein by reference.

[0102] In some embodiments, an engineered IgH locus (or allele) comprises 5, 10,
15, 20, 25 or more (e.g., 26, 27, etc.) human Du gene segments. In some certain
embodiments, an engineered IgH locus (or allele) comprises all or substantially all of the
functional human Du gene segments found between a human Dul-1 and human Du7-27
gene segment, inclusive, of a human IgH locus that appears in nature. In some certain
embodiments, an engineered IgH locus (or allele) comprises at least human Dy gene
segments Dul-1, Du2-2, Du3-3, Dud-4, Du5-5, Du6-6, Dul-7, Du2-8, Du3-9, Du3-10, DuS-
12, Du6-13, Du2-15, Du3-16, Dud-17, Du6-19, Du1-20, Du2-21, Du3-22, Du6-25, Dul-26
and Du7-27. In some embodiments, the unrearranged human Ig gene segments include all
of the human Du gene segments.

[0103] In some embodiments, an engineered IgH locus (or allele) comprises 1, 2, 3,
4, 5, 6 or more functional human Ju gene segments. In some certain embodiments, an
engineered IgH locus (or allele) comprises all or substantially all the functional human Ju
gene segments found between human Ju1l and human Ju6 gene segments, inclusive, of a

human IgH locus that appears in nature. In some certain embodiments, an engineered IgH
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locus (or allele) comprises at least human Ju gene segments Jul, Ju2, Ju3, Ju4, Ju5 and Ju6.
In some embodiments, the unrearranged human Ig gene segments include all of the human
Ju gene segments.

[0104] In some embodiments, an engineered IgH locus as described herein does not
contain an endogenous Adamé gene. In some embodiments, an engineered IgH locus as
described herein does not contain an endogenous Adamé6 gene (or Adam6-encoding
sequence) in the same germline genomic position as found in a germline genome of a wild-
type non-human animal of the same species. In some embodiments, an engineered IgH
locus as described herein does not contain a human Adam6 pseudogene. In some
embodiments, an engineered IgH locus as described herein comprises insertion of at least
one nucleotide sequence that encodes one or more non-human (e.g., rodent) Adam6
polypeptides. Said insertion may be outside of an engineered immunoglobulin heavy chain
locus as described herein (e.g., upstream of a 5’ most Vu gene segment), within an
engineered IgH locus or elsewhere in the germline genome of a non-human animal (e.g., a
randomly introduced non-human Adamé-encoding sequence), cell or tissue.

[0105] In some embodiments, an engineered endogenous immunoglobulin heavy
chain locus lacks a functional endogenous rodent Adam6 gene. In some embodiments, a
germline genome of a rodent comprising the engineered heavy chain locus includes one or
more nucleotide sequences encoding one or more rodent ADAMG6 polypeptides, functional
orthologs, functional homologs, or functional fragments thereof. In some embodiments, one
or more rodent ADAMG6 polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are expressed (e.g., in a cell of the male reproductive system,
e.g., a testes cell).

[0106] In some embodiments, one or more nucleotide sequences encoding one or
more rodent ADAMS6 polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are included on the same chromosome as the engineered
endogenous immunoglobulin heavy chain locus. In some embodiments, one or more
nucleotide sequences encoding one or more rodent ADAMG6 polypeptides, functional
orthologs, functional homologs, or functional fragments thereof are included in the
engineered endogenous immunoglobulin heavy chain locus. In some embodiments, one or
more nucleotide sequences encoding one or more rodent ADAMG6 polypeptides, functional
orthologs, functional homologs, or functional fragments thereof are between a first human

Vu gene segment and a second human Vu gene segment. In some embodiments, a first
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human Vu gene segment is Vu1-2 and a second human Vu gene segment is Vu6-1. In some
embodiments, one or more nucleotide sequences encoding one or more rodent ADAM6
polypeptides, functional orthologs, functional homologs, or functional fragments thereof are
in place of a human Adam6 pseudogene. In some embodiments, one or more nucleotide
sequences encoding one or more rodent ADAMG6 polypeptides, functional orthologs,
functional homologs, or functional fragments thereof replace a human Adam6 pseudogene.
In some embodiments, one or more nucleotide sequences encoding one or more rodent
ADAMBS6 polypeptides, functional orthologs, functional homologs, or functional fragments
thereof are between a human Vu gene segment and a human Du gene segment.

[0107] Exemplary Ig variable regions comprising Ig heavy chain gene segments are
provided, for example, in Macdonald ef al., Proc. Natl. Acad. Sci. USA 111:5147-52 and
supplemental information, which is hereby incorporated by reference. Such mice are
described, e.g., U.S. Patent Nos. 8,642,835 and 8,697,940, incorporated herein by reference.
[0108] In some embodiments, the Ig heavy chain variable gene locus comprising
unrearranged human Ig heavy chain variable region gene segments also includes human Ig
heavy chain variable region intergenic sequences. In some embodiments, the Ig heavy chain
variable gene locus includes non-human (e.g., rodent, rat, mouse) Ig heavy chain variable
region intergenic sequences. In some embodiments, the IgH locus comprises non-human
regulatory elements (e.g., non-human promoters and/or enhancers). In some embodiments,
the non-human regulatory elements are rodent regulatory elements (e.g., rat or mouse
promoters or enhancers). In some embodiments, the IgH locus comprises an IgM enhancer
(Ep). In some embodiments, the IgM enhancer is a non-human Ep (e.g., a rodent Ey, such
as a mouse or rat Ep).

[0109] In some embodiments, the Ig heavy chain variable region is a rearranged
variable region comprising a Ig heavy chain variable region gene (a universal heavy chain
variable region). In some embodiments, the rearranged Ig heavy chain variable region gene
is a human rearranged Ig heavy chain variable region gene. Exemplary rearranged Ig heavy
chain variable regions are provided in U.S. Patent Pub. No. 2014/0245468, which is hereby
incorporated by reference.

[0110] In certain embodiments, the immunoglobulin constant region comprises a Cu
gene segment encoding an IgG constant domain comprising a human Cul domain, a human
hinge region, a human Cu2 domain, a human Cu3 domain, an IgG transmembrane domain

and an IgG cytoplasmic domain. In some embodiments, the IgG transmembrane domain is
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a rodent IgG transmembrane domain (e.g., a mouse or rat transmembrane domain). In
certain embodiments, transmembrane domain is a human IgG transmembrane domain. In
some embodiments, the IgG cytoplasmic domain is a rodent IgG cytoplasmic domain (e.g.,
a mouse or rat cytoplasmic domain). In some embodiments, the IgG cytoplasmic domain is
a human IgG cytoplasmic domain. In some embodiments, the IgG connecting region is a
rodent IgG connecting region (e.g., a mouse or rat connecting domain). In certain
embodiments, IgG connecting region is a human IgG connecting region.

[0111] In certain embodiments, the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG1 domains. In some
embodiments, such an IgG1 domain is encoded by an allele selected from IGHG1*01,
IGHG1*02, IGHG1*03, IGHG1*04 and IGHG1*05.

[0112] In certain embodiments, the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG2 domains. In some
embodiments, such an IgG2 domain is encoded by an allele selected from IGHG2*01,
IGHG2*02, IGHG2*03, IGHG2*04, IGHG2*05 and IGHG2*06.

[0113] In certain embodiments, the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG3 domains. In some
embodiments, such an IgG3 domain is encoded by an allele selected from IGHG3*01,
IGHG3*02, IGHG3*03, IGHG3*04, IGHG3*05, IGHG3*06, IGHG3*07, IGHG3*08,
IGHG3*09, IGHG3*10, IGHG3*11, IGHG3*12, IGHG3*13, IGHG3*14, IGHG3*15,
IGHG3*16, IGHG3*17, IGHG3*18 and IGHG3*19.

[0114] In certain embodiments, the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG4 domains. In some
embodiments, such an IgG4 domain is encoded by an allele selected from IGHG4*01,
IGHG4*02, IGHG4*03 and IGHG4*04.

[0115] In some embodiments, the Cu gene segment encodes variant human
immunoglobulin heavy chain constant region sequence (7.e., a human immunoglobulin
heavy chain constant region sequence that includes one or more additions, deletions, and/or
substitutions relative to an appropriate reference human immunoglobulin heavy chain
constant region sequence) that is characterized in that effector function and/or affinity for
an FcR is enhanced or diminished relative to a reference human immunoglobulin heavy

chain constant region.
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[0116] In some embodiments, the Cu gene segment encodes a human
immunoglobulin heavy chain constant region characterized by an altered affinity for
activating and/or inhibitory receptors. In some embodiments, the Cu gene segment encodes
a human immunoglobulin heavy chain constant region characterized by enhanced or
diminished binding to an FcRn receptor, e.g., at acidic pH as compared to neutral pH. In
some embodiments, the Cu gene segment encodes a human immunoglobulin heavy chain
constant region, in whole or in part, encodes a human immunoglobulin heavy chain
constant region having one or more amino acid modifications. Exemplary amino acid
modifications include, but are not limited to, a substitution at position 297 (e.g., N297A),
position 250 (e.g., 250E or 250Q), position 252 (e.g., 2521, 252Y, 252F, 252W or 252T),
position 254 (e.g., 254S or 254T), position 256 (e.g., 2568, 256R, 256Q, 256E, 256D, or
256T), position 307 (e.g., 307P or 307A), position 308 (e.g., 308F or 308V), position 428
(e.g., 428L or 428F), position 433 (e.g., 433H, 433Lm, 433R, 433S, 433P, 433Q or 433K),
position 434 (e.g., 434A, 434W, 434H, 434F or 434Y), and combinations thereof. In some
embodiments, the Cu gene segment encodes a human immunoglobulin heavy chain
constant region having one or more pairs or groups of amino acid modifications selected
from the group consisting of 250Q and 248L (e.g., T250Q and M248L); 252Y, 254T and
256E (e.g., M252Y, S254T and T256E); 428L and 434S (e.g., M428L and N434S); 2571
and 3111 (e.g., P2571 and Q3111); 2571 and 434H (e.g., P2571 and N434H); 376V and 434H
(e.g., D376V and N434H); 307A, 380A and 434A (e.g., T307A, E380A and N434A); and
433K and 434F (e.g., H433K and N434F).

[0117] In some embodiments, the Cu gene segment encodes a chimeric
immunoglobulin heavy chain constant domain that includes segments or portions derived
from (or that appear in) more than one human immunoglobulin isotypes. For example, such
a chimeric Cu region may comprise a Cu2 domain derived from a human IgG1, human
IgG2 or human IgG4 molecule, combined with a Cu3 domain derived from a human IgG1,
human IgG2 or human IgG4 molecule. In some certain embodiments, the chimeric Ca
region further comprises a chimeric hinge region. For example, a chimeric hinge may
comprise an "upper hinge" amino acid sequence (amino acid residues from positions 216 to
227 according to EU numbering) derived from a human IgG1, a human IgG2 or a human
IgG4 hinge region, combined with a "lower hinge" sequence (amino acid residues from
positions 228 to 236 according to EU numbering) derived from a human IgG1, a human

IgG2 or a human IgG4 hinge region. In some certain embodiments, a chimeric hinge region
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comprises amino acid residues derived from a human IgG1 or a human IgG4 upper hinge
and amino acid residues derived from a human IgG2 lower hinge.

[0118] In certain embodiments, the modified Cu gene segment is located at an
endogenous Cu gene segment locus. In certain embodiments, the modified Cu gene segment
is located at an endogenous Cyi gene segment locus, an endogenous Cy2a gene segment
locus, an endogenous Cyab gene segment locus, an endogenous Cyzc gene segment locus or
an endogenous Cy3 gene segment locus.

[0119] The endogenous immunoglobulin heavy chain constant region gene structure
can vary between rodents. For example, the Norwegian rat does not have a Cy3 gene
segment at the endogenous immunoglobulin heavy chain locus, whereas mouse strains
generally do. Even for the same species, the immunoglobulin heavy chain constant region
gene structure can vary from strain to strain. For example, while some mouse stains have a
Cy2a gene segment at the endogenous immunoglobulin heavy chain locus, other mouse
stains (e.g., mouse strains with the Igh1-b allele) have a Cy2c gene segment instead, and
some mouse strains may have both Cy2a and Cyac gene segments. The rodent Cy1, Cy2a, Cy2b
and Cys gene segments disclosed in the figures, examples, and/or descriptions herein are
therefore exemplary rodent Cu gene segments and one of skill in the art would appreciate
that the specific constant region gene structure will vary from one rodent strain to another.
Thus, for example, one of skill in the art would appreciate that the disclosure contemplates
rodents comprising a rodent Cyzc gene segment in place of or in addition to any disclosed
rodent Cy2a gene segment.

[0120] In some embodiments, the modified Cu gene segment is a human Cy1 gene
segment (or at least the portion of the human Cy1 gene segment encoding the Cul domain,
the hinge region, the Cu2 domain and the Cu3 domain of the IgG1 constant domain) and it
is positioned at an endogenous Cy2a gene segment locus. In some embodiments, the portion
of the human Cy1 gene segment encoding the Cul domain, the hinge region, the Cu2
domain and the Ca3 domain of the IgG1 constant domain is operably linked to the portion
of the endogenous rodent Cy2a gene segment encoding the IgG2a transmembrane and/or
cytoplasmic domain.

[0121] In some embodiments, the modified Cua gene segment is a human Cy1 gene
segment (or at least the portion of the human Cy1 gene segment encoding the Cul domain,
the hinge region, the Cu2 domain and the Cu3 domain of the IgG1 constant domain) and it

is positioned at an endogenous Cyc gene segment locus. In some embodiments, the portion
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of the human Cy1 gene segment encoding the Cul domain, the hinge region, the Cu2
domain and the Cu3 domain of the I[gG1 constant domain is operably linked to the portion
of the endogenous rodent Cyzc gene segment encoding the IgG2c¢ transmembrane and/or
cytoplasmic domain.

[0122] In some embodiments, the modified Cua gene segment is a human Cy gene
segment (or at least the portion of the human Cys gene segment encoding the Cul domain,
the hinge region, the Cu2 domain and the Cu3 domain of the IgG4 constant domain) and it
is positioned at an endogenous Cy1 gene segment locus. In some embodiments, the portion
of the human Cy4 gene segment encoding the Cul domain, the hinge region, the Cu2
domain and the Cu3 domain of the [gG4 constant domain is operably linked to the portion
of the endogenous rodent Cy1 gene segment encoding the IgG1 transmembrane and/or
cytoplasmic domain.

[0123] In certain embodiments, the modified Cu gene segment replaces all or part of
an endogenous Cu gene segment. In certain embodiments, the modified Cu gene segment
replaces all or part of an endogenous Cy1 gene segment, an endogenous Cyza gene segment,
an endogenous Cyzb gene segment, an endogenous Cyzc gene segment, or an endogenous Cys
gene segment.

[0124] In some embodiments, the modified Cu gene segment is a human Cy1 gene
segment (or at least the portion of the human Cy1 gene segment encoding the Cul domain,
the hinge region, the Cu2 domain and the Cu3 domain of the IgG1 constant domain) and it
replaces all or part of an endogenous Cyza gene segment locus. In some embodiments, the
portion of the human Cy1 gene segment encoding the Cal domain, the hinge region, the Cu2
domain and the Ca3 domain of the IgG1 constant domain replaces the portion of the
endogenous rodent Cyza gene segment encoding the Cual domain, the hinge region, the Cu2
domain and the Cu3 domain of the [gG2a constant domain such that the portion of the
human Cy1 gene segment encoding the Cul domain, the hinge region, the Cu2 domain and
the Cu3 domain of the IgG1 constant domain is operably linked to the portion of the
endogenous rodent Cy2a gene segment encoding the IgG2a transmembrane and/or
cytoplasmic domain.

[0125] In some embodiments, the modified Cua gene segment is a human Cy gene
segment (or at least the portion of the human Cys gene segment encoding the Cul domain,
the hinge region, the Cu2 domain and the Cu3 domain of the IgG4 constant domain) and it

replaces all or part of an endogenous Cy1 gene segment locus. In some embodiments, the
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portion of the human Cys gene segment encoding the Cal domain, the hinge region, the Cu2
domain and the Cu3 domain of the [gG4 constant domain replaces the portion of the
endogenous rodent Cy1 gene segment encoding the Cal domain, the hinge region, the Cu2
domain and the Cu3 domain of the IgG1 constant domain such that the portion of the
human Cy gene segment encoding the Cul domain, the hinge region, the Cu2 domain and
the Cu3 domain of the IgG4 constant domain is operably linked to the portion of the
endogenous rodent Cy1 gene segment encoding the IgG1 transmembrane and/or cytoplasmic
domain.

[0126] In certain embodiments the Ig heavy chain constant region includes one or
more rodent (e.g., rat or mouse) Cu gene segments. In some embodiments, the Ig constant
region includes a rodent (e.g., rat or mouse) Cy gene segment. In some embodiments, the Ig
constant region includes a rodent (e.g., rat or mouse) Cs gene segment. In some
embodiments, the Ig constant region includes a rodent (e.g., rat or mouse) Cy1 gene
segment. In some embodiments, the Ig constant region includes a rodent (e.g., rat or mouse)
Cy2a gene segment. In some embodiments, the Ig constant region includes a rodent (e.g., rat
or mouse) Cyz gene segment. In some embodiments, the Ig constant region includes a
rodent (e.g., rat or mouse) Cyic gene segment. In some embodiments, the Ig constant region
includes a rodent (e.g., mouse) Cy3 gene segment. In some embodiments, the Ig constant
region includes a rodent (e.g., rat or mouse) Ce gene segment. In some embodiments, the Ig
constant region includes a rodent (e.g., rat or mouse) Ce gene segment. In some
embodiments, the one or more rodent constant region gene segments are endogenous
constant region gene segments. In some embodiments, the modified Cu gene segment
described above is the only modified Cu gene segment in the Ig heavy chain constant
region.

[0127] In some embodiments, the modified Cu gene segment described above is one
of a plurality of modified Cu gene segments in the Ig heavy chain constant region (e.g., one
of 2, 3,4, 5, 6,7 or 8 modified gene segments that are partially or fully humanized in the Ig
heavy chain constant region). In some embodiments, the Ig heavy chain constant region
includes a human or partially human Cy gene segment. In some embodiments, the Ig heavy
chain constant region includes a human or partially human Cs gene segment. In some
embodiments, the Ig heavy chain constant region includes a human or partially human Cy1
gene segment. In some embodiments, the Ig heavy chain constant region includes a human

or partially human Cy2 gene segment. In some embodiments, the Ig heavy chain constant
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region includes a human or partially human Cy3 gene segment. In some embodiments, the Ig
heavy chain constant region includes a human or partially human Cys gene segment. In
some embodiments, the Ig heavy chain constant region includes a human or partially human
C: gene segment. In some embodiments, the Ig heavy chain constant region includes a
human or partially human Cq gene segment. In some embodiments, the Ig heavy chain
constant region comprises a human Cy gene segment, a human Cs gene segment, a human
Cy1 gene segment and a human Cy3 gene segment. In some embodiments, the Ig heavy chain
constant region further comprises a human Cy2 gene segment and a human Cy gene
segment. In some embodiments, the Ig heavy chain constant region further comprises a
human Cq gene segment. In some embodiments, the Ig heavy chain constant region further
comprises a human Ce gene segment.

[0128] In some embodiments, the IgH locus comprises human or rodent (e.g., rat or
mouse) regulatory elements. In some embodiments, the regulatory element is an
endogenous regulatory element. In certain embodiments, the IgH locus comprises a rodent
(e.g., rat or mouse) or human intronic enhancer (Ei). In some embodiments, the IgH locus
comprises a rodent (e.g., rat or mouse) or human 3’ regulatory region (3’ RR).

[0129] In some embodiments, the modified immunoglobulin heavy chain locus is
positioned at an endogenous immunoglobulin heavy chain locus. In some embodiments, the
immunoglobulin heavy chain locus replaces all or part of the endogenous immunoglobulin
heavy chain locus. In certain embodiments, the modified IgH locus is located on a
transgene positioned outside of the endogenous locus. In some embodiments, the
endogenous IgH locus is inactivated (e.g., through the deletion, relocation and/or inversion
of all or part of the endogenous Ig heavy chain locus).

[0130] Thus, in some embodiments, one or more immunoglobulin heavy chain
constant regions (or portion thereof) of an immunoglobulin heavy chain locus are not
deleted (i.e., intact). In some embodiments, one or more Cu gene segments of an
immunoglobulin heavy chain locus are altered, disrupted, deleted or replaced with, among
other things, an immunoglobulin heavy chain constant region sequence as described herein
(e.g., a sequence encoding a human IgG Cu1-H-Cu2-CH3 polypeptide) operably linked to a
transmembrane and cytoplasmic encoding sequence(s) of a non-human immunoglobulin
heavy chain IgG constant region gene (e.g., an M1 and/or M2 encoding sequence) and, in
some embodiments, an immunoglobulin heavy chain constant region sequence (e.g., a

sequence encoding a human IgE Cu1-Cr2-Cu3-Cu4 polypeptide) operably linked to a
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transmembrane and cytoplasmic encoding sequence(s) an IgE constant region gene. In
some embodiments, all or substantially all of an immunoglobulin heavy chain constant
region is replaced with a heterologous immunoglobulin heavy chain constant region. In
some embodiments, a heterologous immunoglobulin heavy chain constant region sequence
is operably linked to a transmembrane and cytoplasmic encoding sequence (e.g., M1 and
M2 exons) of one or more IgG constant region gene. In some embodiments, a heterologous
immunoglobulin heavy chain constant region sequence is operably linked to a
transmembrane and cytoplasmic encoding sequence (e.g., M1 and M2 exons) of an IgE
constant region gene. In some embodiments, a heterologous immunoglobulin heavy chain
constant region sequence is operably linked to a transmembrane and cytoplasmic encoding
sequence (e.g., an M exon[s]) of an IgA constant region gene. In some certain
embodiments, one or more CuH gene segments (e.g., Cy, Cs, etc.) are not deleted or replaced
in an immunoglobulin heavy chain constant region that includes a heterologous
immunoglobulin heavy chain constant region sequence operably linked to a transmembrane
and cytoplasmic encoding sequence of one or more constant region genes as described
herein. In some embodiments, a heterologous immunoglobulin heavy chain constant region
sequence is a human immunoglobulin heavy chain constant region sequence. In some
embodiments, an immunoglobulin heavy chain constant region that is altered, disrupted,
deleted, replaced or engineered with one or more heterologous immunoglobulin heavy
chain constant region sequences is a murine immunoglobulin heavy chain constant region.
In some embodiments, a heterologous immunoglobulin heavy chain constant region
sequence is inserted into one copy (i.e., allele) of an IgG constant region gene (e.g., Cy1,
Cy2a, Cyav, Cy2c or Cy3) of the two copies of said IgG constant region gene of an
immunoglobulin heavy chain constant region, giving rise to a non-human animal that is
heterozygous with respect to the heterologous immunoglobulin heavy chain constant region
sequence. In some embodiments, a non-human animal is provided that is homozygous for
an immunoglobulin heavy chain constant region that includes a heterologous
immunoglobulin heavy chain constant region sequence as described herein.

[0131] In some embodiments, an engineered immunoglobulin heavy chain constant
region as described herein comprises one or more IgG encoding Cu gene segments that
each comprise a human extracellular domain encoding sequence (e.g., a human IgG Cul-H-

Cu2-Cu3) operably linked to a non-human transmembrane and cytoplasmic domain
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encoding sequence (e.g., a non-human IgG M1-M2) of the same or different IgG
subclasses.

[0132] In some embodiments, an engineered immunoglobulin heavy chain constant
region as described herein comprises one or more engineered IgG encoding Cu gene
segments as described herein and further comprises a wild-type (e.g., unmodified non-
human such as rat or mouse) Cy constant region gene.

[0133] In some embodiments, an engineered immunoglobulin heavy chain constant
region as described herein comprises one or more engineered IgG encoding Cu gene
segments as described herein and further comprises wild-type (e.g., unmodified non-human
such as rat or mouse) C, and Cs constant region genes.

[0134] In various embodiments, an engineered IgG encoding Cu gene segment
comprising a human immunoglobulin heavy chain constant region sequence as described
herein is an engineered IgG encoding Cu gene segment of IgG subclass selected from Cyi,
Cy2a, Cy2b, Cyac, or Cys.

[0135] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2a gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3 in the place of Cal-H-Cu2-Cu3 exons
and operably linked to M1 and M2 exons of a non-human (e.g., rat or mouse) Cy2a gene
segment.

[0136] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2a gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-
Cu3-M1-M2 exons and operably linked to the switch region of a non-human (e.g., rat or
mouse) Cyza gene segment.

[0137] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2c gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1 and M2 exons of a non-human (e.g., rat or mouse) Cy2c gene
segment.

[0138] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2c gene segment comprising

a sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-
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Cu3-M1-M2 exons and operably linked to the switch region of a non-human (e.g., rat or
mouse) Cyac gene segment.

[0139] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered C y1 gene segment comprising
a sequence encoding human IgG4 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1 and M2 exons of a non-human (e.g., rat or mouse) Cy1 gene
segment.

[0140] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered C y1 gene segment comprising
a sequence encoding human IgG4 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-
Cu3-M1-M2 exons and operably linked to the switch region of a non-human (e.g., rat or
mouse) C 1 gene segment.

[0141] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2a gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1 and M2 exons of a non-human (e.g., rat or mouse) Cy2a gene
segment, and an engineered C 1 gene segment comprising a sequence encoding human
IgG4 Cu1-H-Cu2-CH3 in the place of Cul-H-Cr2-Cu3 exons and operably linked to M1
and M2 exons of a non-human (e.g., rat or mouse) Cy1 gene segment.

[0142] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2a gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-
Cu3-M1-M2 exons and operably linked to the switch region of a non-human (e.g., rat or
mouse) Cyza gene segment, and an engineered C y1 gene segment comprising a sequence
encoding human IgG4 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2
exons and operably linked to the switch region of a non-human (e.g., rat or mouse) C y1 gene
segment.

[0143] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2c gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1 and M2 exons of a non-human (e.g., rat or mouse) Cyc gene

segment, and an engineered C 1 gene segment comprising a sequence encoding human
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IgG4 Cu1-H-Cu2-CH3 in the place of Cul-H-Cr2-Cu3 exons and operably linked to M1
and M2 exons of a non-human (e.g., rat or mouse) Cy1 gene segment.

[0144] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises an engineered Cy2c gene segment comprising
a sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-
Cu3-M1-M2 exons and operably linked to the switch region of a non-human (e.g., rat or
mouse) Cyac gene segment, and an engineered C y1 gene segment comprising a sequence
encoding human IgG4 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2
exons and operably linked to the switch region of a non-human (e.g., rat or mouse) Cy1 gene
segment.

[0145] In various embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises one or more further modifications including
rendering constant region genes (i.e., isotypes) other than one or more IgG constant regions
that comprise a sequence encoding human IgG Cul-H-Cu2-Ca3 or human IgG Cul-H-Cu2-
Cu3-M1-M2 (e.g., IgG1 and/or IgG2a) to be nonfunctional, e.g., via deletion in whole or in
part, alteration in whole or in part, disruption in whole or in part, replacement in whole or in
part of one or more immunoglobulin constant region genes encoding IgD, IgE, IgA and an
IgG that does not itself contain a sequence encoding human IgG Cu1-H-Cu2-Cu3 or human
IgG Cul-H-CuH2-Cu3-M1-M2 as described herein (e.g., IgG2b and/or IgG3). Engineered
non-human embryos, cells and targeting vectors for making such non-human animals,
embryos and cells are also provided.

[0146] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) Cy gene segment, a Cy1 gene segment comprising a sequence encoding human
IgG4 Cu1-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to M1-
M2 exons of said Cy1 gene segment, and a deletion of the Cs, Cy2a, Cy2e, Cyab, Cy3, Ce and Cq
gene segments.

[0147] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) Cy gene segment, a Cy1 gene segment comprising a sequence encoding human
IgG4 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2 exons and operably
linked to the switch region of said Cy1 gene segment, and a deletion of the Cs, Cy2a, Cyac,

Cy2b, Cy3, Ce and Cq gene segments.
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[0148] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) Cy gene segment, a Cy2a gene segment comprising a sequence encoding
human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to
M1-M2 exons of said Cy2a gene segment, and a deletion of the Cs, Cy1, Cyab, Cy2¢,Cy3, Ce and
Cq gene segments.

[0149] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) C, gene segment, a Cy2a gene segment comprising a sequence encoding
human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2 exons and
operably linked to the switch region of said a Cy2a gene segment, and a deletion of the Cs,
Cy1, Cyab, Cyac, Cy3, Ce and Cq gene segments.

[0150] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) Cy gene segment, a Cy2c gene segment comprising a sequence encoding
human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to
M1-M2 exons of said Cy2c gene segment, and a deletion of the Cs, Cy1, Cy2a, Cy2b, Cy3, Ce
and Cq gene segments.

[0151] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type (e.g., unmodified non-human such as
rat or mouse) C, gene segment, a Cy2c gene segment comprising a sequence encoding
human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2 exons and
operably linked to the switch region of said a Cy2c gene segment, and a deletion of the Cs,
Cy1, Cy2a, Cyab, Cy3, Ce and Cq gene segments.

[0152] In various embodiments, an engineered immunoglobulin heavy chain
constant region as described herein comprises one or more further modifications including
engineering constant region genes (i.e., isotypes) other than one or more IgG constant
regions that comprise a sequence encoding human IgG Cu1-H-Cu2-Ca3 or human IgG Cul-
H-Cu2-Cu3-M1-M2 (e.g., IgG1 and/or 1gG2a) to be altered, modified, replaced,

engineered, etc. via insertion of a human immunoglobulin heavy chain constant region
sequence as described herein into one or more immunoglobulin constant region genes for

IgD, IgE, IgA and an IgG that does not itself contain a sequence encoding human IgG Cul-
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H-Cu2-Cu3 or human IgG Cul-H-Cu2-Cu3-M1-M2 as described herein (e.g., [gG2b and/or
IgG3).

[0153] Engineered non-human embryos, cells and targeting vectors for making non-
human animals, embryos and cells comprising immunoglobulin loci with engineered
constant regions described herein are also provided.

[0154] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type Cy gene segment, a wild-type Cs
gene segment, a Cy3 gene segment comprising a sequence encoding human IgG3 Cul-H-
Cu2-CH3 in the place of Cul-H-Cu2-Cn3 exons and operably linked to M1-M2 exons of
said Cy3 gene segment, a Cy1 gene segment comprising a sequence encoding human IgG4
Cul1-H-Cu2-Cs3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to M1-M2
exons of said Cy1 gene segment, a Cy2b gene segment comprising a sequence encoding
human IgG2 Cu1-H-Cu2-Csx3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to
M1-M2 exons of said Cy2b gene segment, a Cy2a gene segment comprising a sequence
encoding human IgG1 Cul-H-Cu2-Ch3 in the place of Cul-H-Cu2-Cu3 exons and operably
linked to M1-M2 exons of said Cy2a gene segment (and/or a Cy2c gene segment comprising a
sequence encoding human IgG1 Cu1-H-Cu2-Ch3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1-M2 exons of said Cyc gene segment), a Ce gene segment
comprising a sequence encoding human IgE Cu1-Cu2-Cu3-Cu4 in the place of Cul-Cu2-
Cu3-Cu4 exons and operably linked to M1-M2 exons of said an Ce gene segment, and a Cq
gene segment comprising a sequence encoding human IgA1 or I[gA2 Cu1-H-Cu2-Csu3 in the
place of Cul-H-Cu2-Cu3 exons and operably linked to M exon(s) of said Cq gene segment.
[0155] In some certain embodiments, an engineered immunoglobulin heavy chain
constant region provided herein comprises a wild-type Cy gene segment, a wild-type Cs
gene segment, a Cy3 gene segment comprising a sequence encoding human IgG3 Cul-H-
Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2 exons and operably linked to the
switch region of said Cy3 gene segment, a Cy1 gene segment comprising a sequence
encoding human IgG4 Cu1-H-Cu2-Ca3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2
exons and operably linked to the switch region of said a Cy1 gene segment, a Cy2b gene
segment comprising a sequence encoding human IgG2 Cul-H-Cu2-Cu3-M1-M2 in the
place of Cul-H-Cu2-Cu3-M1-M2 exons and operably linked to the switch region of said
Cyov gene segment, a Cy2a gene segment comprising a sequence encoding human IgG1 Cul-

H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-M1-M2 exons and operably linked to
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the switch region of said Cy2a gene segment (and/or a Cyzc gene segment comprising a
sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 in the place of Cul-H-Cu2-Cu3-
M1-M2 exons and operably linked to the switch region of said Cy2c gene segment), a Ce
gene segment comprising a sequence encoding human IgE Cul-Cu2-Cu3-Cu4 in the place
of Cul-Cu2-Cu3-Cu4 exons and operably linked to M1-M2 exons of said an Ce gene
segment, and a C, gene segment comprising a sequence encoding human IgA1 or IgA2
Cul1-H-Cu2-Cs3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to M exon(s) of
said Cq gene segment.

[0156] In various embodiments provided herein are genetically engineered heavy
chain immunoglobulin loci depicted in Figure 1, as well as genetically modified rodents
(e.g., rats or mice), ES and other cells, and tissues comprising such loci. Thus, in one
embodiment, provided here is a genetically engineered heavy chain immunoglobulin locus
comprising human heavy chain variable gene segments (human heavy chain V, D, and J
gene segments), rodent (e.g., rat or mouse) Ei enhancer, rodent (e.g., rat or mouse) C,, Cs,
Cy3, Cy1, Cyav gene segments, a chimeric Cy2a gene segment comprising a sequence encoding
human IgG1 Cul-H-Cu2-Cu3 in the place of Cul-H-Cu2-Cu3 exons and operably linked to
M1-M2 exons of a rodent (e.g., rat or mouse) Cy2a gene segment (for example such that
exons encoding the extracellular domain of human IgG1 operably linked to exons encoding
transmembrane and cytoplasmic domains of rodent, e.g., rat or mouse, IgG2a) (and/or a
chimeric Cy2c gene segment comprising a sequence encoding human IgG1 Cual-H-Cu2-Cu3
in the place of Cal-H-Cu2-Cu3 exons and operably linked to M1-M2 exons of a rodent
(e.g., rat or mouse) Cyzc gene segment (for example such that exons encoding the
extracellular domain of human IgG1 operably linked to exons encoding transmembrane and
cytoplasmic domains of rodent, e.g., rat or mouse, IgG2c), rodent (e.g., rat or mouse) Ce
and Cq gene segments, and rodent (e.g., rat or mouse) 3’ regulatory region comprising
rodent (e.g., rat or mouse) 3° enhancers. An exemplary genetically modified heavy chain
locus is provided in Figure 1 as mouse locus 1. In some embodiments, the genetically
modified locus comprises a functional Adam6 gene as described herein and in U.S. Patent
Nos. 8,642,835 and 8,697,940, each of which is incorporated herein by reference in its
entirety. Genetically modified non-human animals, ES cells and other cells, and tissues,

comprising such genetically engineered loci, are also provided.
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[0157] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising human heavy chain variable gene segments (human
heavy chain V, D, and J gene segments), rodent (e.g., rat or mouse) Ei enhancer, rodent
(e.g., rat or mouse) C,,, Cs, Cy3, Cy1, Cy2b gene segments, a human Cy1 gene segment
comprising a sequence encoding human IgG1 Cul-H-Cu2-Cu3-M1-M2 such that both IgG1
extracellular and transmembrane/cytoplasmic encoding sequences are human, rodent (e.g.,
rat or mouse) Cc and Cq gene segments, and rodent (e.g., rat or mouse) 3’ regulatory region
comprising rodent (e.g., rat or mouse) 3’ enhancers. An exemplary genetically modified
heavy chain locus is provided in Figure 1 as mouse locus 2. In some embodiments, the
genetically modified locus comprises a functional Adam6 gene as described herein and in
U.S. Patent Nos. 8,642,835 and 8,697,940, each of which is incorporated herein by
reference in its entirety. Genetically modified non-human animals, ES cells and other cells,
and tissues, comprising such genetically engineered loci, are also provided.

[0158] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising human heavy chain variable gene segments (human
heavy chain V, D, and J gene segments), rodent (e.g., rat or mouse) Ei enhancer, rodent
(e.g., rat or mouse) Cy, Cs, Cy3 gene segments, a chimeric Cy1 gene segment comprising a
sequence encoding human IgG4 Cul-H-Cu2-Ch3 in the place of Cul-H-Cu2-Cu3 exons
and operably linked to M1-M2 exons of a rodent (e.g., rat or mouse) Cy1 gene segment (for
example such that exons encoding the extracellular domain of human IgG4 operably linked
to exons encoding transmembrane and cytoplasmic domains of rodent, e.g., rat or mouse,
IgG1), rodent (e.g., rat or mouse) Cyab, Cy2a (and/or Cyac), Ce, Co gene segments, and rodent
(e.g., rat or mouse) 3’ regulatory region comprising rodent (e.g., rat or mouse) 3’ enhancers.
An exemplary genetically modified heavy chain locus is provided in Figure 1 as mouse
locus 3. In some embodiments, the genetically modified locus comprises a functional
Adam6 gene as described here and in U.S. Patent Nos. 8,642,835 and 8,697,940, each of
which is incorporated herein by reference in its entirety. Genetically modified non-human
animals, ES cells and other cells, and tissues, comprising such genetically engineered loci,
are also provided.

[0159] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising human heavy chain variable gene segments (human

heavy chain V, D, and J gene segments), rodent (e.g., rat or mouse) Ei enhancer, rodent
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(e.g., rat or mouse) C,,, Cs, Cy3 gene segments, a human Cys4 gene segment comprising a
sequence encoding human IgG4 Cul-H-Cu2-Cu3-M1-M2 such that both IgG4 extracellular
and transmembrane/cytoplasmic encoding sequences are human, rodent (e.g., rat or mouse)
Cy2v, Cy2a (and/or Cyac) gene segments, rodent (e.g., rat or mouse) Ce and Cy gene segments,
and rodent (e.g., rat or mouse) 3’ regulatory region comprising rodent (e.g., rat or mouse) 3’
enhancers. An exemplary genetically modified heavy chain locus is provided in Figure 1 as
mouse locus 4. In some embodiments, the genetically modified locus comprises a
functional Adam6 gene as described here and in U.S. Patent Nos. 8,642,835 and 8,697,940,
each of which is incorporated herein by reference in its entirety. Genetically modified non-
human animals, ES cells and other cells, and tissues, comprising such genetically
engineered loci, are also provided.

[0160] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising human heavy chain variable gene segments (human
heavy chain V, D, and J gene segments), human Ei enhancer, human C,, Cs, Cy3 and Cy1
gene segments, and rodent (e.g., rat or mouse) 3’ regulatory region comprising rodent (e.g.,
rat or mouse) 3’ enhancers. An exemplary genetically modified heavy chain locus is
provided in Figure 1 as mouse locus 5. In some embodiments, the genetically modified
locus comprises a functional Adamé6 gene as described here and in U.S. Patent Nos.
8,642,835 and 8,697,940, each of which is incorporated herein by reference in its entirety.
Genetically modified non-human animals, ES cells and other cells, and tissues, comprising
such genetically engineered loci, are also provided.

[0161] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising human heavy chain variable gene segments (human
heavy chain V, D, and J gene segments), human Ei enhancer, human C,,, Cs, Cy3, Cy1, C2
and Cy4 gene segments, and rodent (e.g., rat or mouse) 3’ regulatory region comprising
rodent (e.g., rat or mouse) 3’ enhancers. An exemplary genetically modified heavy chain
locus is provided in Figure 1 as mouse locus 6. In some embodiments, the genetically
modified locus comprises a functional Adamé6 gene as described here and in U.S. Patent
Nos. 8,642,835 and 8,697,940, each of which is incorporated herein by reference in its
entirety. Genetically modified non-human animals, ES cells and other cells, and tissues,

comprising such genetically engineered loci, are also provided.
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[0162] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising rodent (e.g., rat or mouse) heavy chain variable gene
segments (rodent (e.g., rat or mouse) heavy chain V, D, and J gene segments), rodent (e.g.,
rat or mouse) Ei enhancer, human C,, Cs, Cy3, and Cy1 gene segments, and rodent (e.g., rat
or mouse) 3’ regulatory region comprising rodent (e.g., rat or mouse) 3’ enhancers. An
exemplary genetically modified heavy chain locus is provided in Figure 1 as mouse locus 7.
In some embodiments, the genetically modified locus comprises a functional Adam6 gene.
Genetically modified non-human animals, ES cells and other cells, and tissues, comprising
such genetically engineered loci, are also provided.

[0163] In one embodiment, provided here is a genetically engineered heavy chain
immunoglobulin locus comprising rodent (e.g., rat or mouse) heavy chain variable gene
segments (rodent (e.g., rat or mouse) heavy chain V, D, and J gene segments), rodent (e.g.,
rat or mouse) Ei enhancer, human C,,, Cs, Cy3, Cy1, Cy2 and Cy4 gene segments, and rodent
(e.g., rat or mouse) 3’ regulatory region comprising rodent (e.g., rat or mouse) 3’ enhancers.
An exemplary genetically modified heavy chain locus is provided in Figure 1 as mouse
locus 8. In some embodiments, the genetically modified locus comprises a functional
Adam6 gene. Genetically modified non-human animals, ES cells and other cells, and
tissues, comprising such genetically engineered loci, are also provided.

[0164] Also provided herein are methods for making engineered immunoglobulin
heavy chain loci. In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 1.6kb of DNA that includes a
human IgG1 Cul-H-Cu2-Cu3 nucleotide sequence encoding an immunoglobulin heavy
chain constant domain polypeptide in the place of a Cul-H-Cu2-Cu3 exons of a Cy2a gene
segment so that said human IgG1 Cul-H-Cu2-Ch3 nucleotide sequence is operably linked
to M1 and M2 exons of said Cyza gene segment.

[0165] In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 6.8kb of DNA that includes a
human IgG1 Cul-H-Cu2-Cu3-M1-M2 nucleotide sequence encoding an immunoglobulin
heavy chain constant domain polypeptide in the place of a Cal-H-Cu2-Cu3-M1-M2 exons
of a Cy2a gene segment so that said human IgG1 Cul-H-Cu2-Cu3-M1-M2 nucleotide
sequence is operably linked to the switch region of said Cy2a gene segment.

[0166] Also provided herein are methods for making engineered immunoglobulin

heavy chain loci. In some embodiments, methods for making engineered immunoglobulin
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heavy chain loci described herein include inserting about 1.6kb of DNA that includes a
human IgG1 Cul1-H-Cu2-Cu3 nucleotide sequence encoding an immunoglobulin heavy
chain constant domain polypeptide in the place of a Cul-H-Cu2-Cu3 exons of a Cyac gene
segment so that said human IgG1 Cul-H-Cu2-Cu3 nucleotide sequence is operably linked
to M1 and M2 exons of said Cy2c gene segment.

[0167] In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 6.8kb of DNA that includes a
human IgG1 Cul1-H-Cu2-Cu3-M1-M2 nucleotide sequence encoding an immunoglobulin
heavy chain constant domain polypeptide in the place of a Cal-H-Cu2-Cu3-M1-M2 exons
of a Cyac gene segment so that said human IgG1 Cul-H-Cu2-Cu3-M1-M2 nucleotide
sequence is operably linked to the switch region of said Cyzc gene segment.

[0168] In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 1.5kb of DNA that includes a
human IgG4 Cu1-H-Cu2-Cu3 nucleotide sequence encoding an immunoglobulin heavy
chain constant domain polypeptide in the place of a Cul-H-Cu2-Cu3 exons of a Cy1 gene
segment so that said human IgG4 Cul-H-Cu2-Cu3 nucleotide sequence is operably linked
to M1 and M2 exons of said Cy1 gene segment.

[0169] In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 5.8kb of DNA that includes a
human IgG4 Cul1-H-Cu2-Cu3-M1-M2 nucleotide sequence encoding an immunoglobulin
heavy chain constant domain polypeptide in the place of a Cal-H-Cu2-Cu3-M1-M2 exons
of a Cy1 gene segment so that said human IgG4 Cu1-H-Cu2-Cu3-M1-M2 nucleotide
sequence is operably linked to the switch region of said Cy1 gene segment.

[0170] In some embodiments, methods for making engineered immunoglobulin
heavy chain loci described herein include inserting about 130 kb of DNA comprising
human C,, Cs, Cy3, Cy1 sequences. In other embodiments, the methods further comprise
inserting additional about 43 kb of DNA comprising human Cy2 and Cy sequences.

[0171] In various methods for making engineered immunoglobulin heavy chain loci
described above, the DNA can be introduced into either endogenous rodent (e.g., rat or
mouse) immunoglobulin heavy chain locus comprising endogenous rodent (e.g., rat or
mouse) heavy chain variable gene segments, or immunoglobulin heavy chain locus
comprising human heavy chain variable gene segments. The DNA can be introduced either

via homologous recombination or via other methods known in the art or described herein.
- 44 -



WO 2019/190990 PCT/US2019/023899

[0172] In some embodiments, the rodent (e.g., rat or mouse) is heterozygous for the
modified immunoglobulin heavy chain locus described herein. In certain embodiments, the
rodent (e.g., rat or mouse) is homozygous for the modified immunoglobulin heavy chain

locus described herein.

Humanized Immunoglobulin Kappa Loci

[0173] In certain aspects, provided herein are rodents (e.g., mice or rats) comprising
genetically modified Igk chain loci. Such loci comprise a k variable region and a k constant
region. The « variable region includes Igk chain variable region gene segments (i.e., at least
a Vi gene segment and a J«x gene segment). The constant region includes an Igk chain
constant region (C«) gene segment. In certain embodiments, the immunoglobulin k chain
variable region such as human Igk variable region is operably linked to the immunoglobulin
« chain constant region such that the rodent (e.g., rat or mouse) produces antibodies
comprising light chain variable domains derived from the human V« gene segment and the
human J« gene segment and light chain constant domains derived from the C« gene
segment. In some embodiments the Igk variable region will be an unrearranged Igk variable
region and will therefore contain unrearranged Igk variable region gene segments. In some
embodiments, the Igk variable region will be a rearranged Igk variable region and will
therefore contain a rearranged Igk variable region gene. In certain embodiments, the Igi
variable region gene segments are human Igk variable region gene segments. In certain
embodiments, the Igk variable region gene segments are rodent Igk variable region gene
segments (e.g., rat or mouse variable region gene segments). In some embodiments, the Igik
constant region locus comprises an Igk constant region gene segment that is partially or
completely human. In some embodiments, the Igk chain loci described herein are located at
an endogenous Igk chain locus.

[0174] In certain embodiments, the Igk variable region contains unrearranged
human Igk variable region gene segments. In some certain embodiments, an engineered Igk
light chain locus (or allele) comprises at least human V« gene segments that appear in the
distal variable cluster (or distal arm, or distal duplication) of a human Igk light chain locus
that appears in nature. In some certain embodiments, an engineered Igk light chain locus (or
allele) comprises at least human Vi gene segments that appear in the proximal variable
cluster (or proximal arm, or proximal duplication) of a human Igk light chain locus that

appears in nature. In some certain embodiments, an engineered Igk light chain locus (or
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allele) comprises human Vi gene segments that appear in the distal and proximal variable
clusters of a human Igk light chain locus that appears in nature. In some certain
embodiments, an engineered Igk light chain locus (or allele) comprises all or substantially
all the functional human Vi« gene segments found between human Vi 2-40 (or V¢ 3D-7) and
human V« 4-1 gene segments, inclusive, of a human Igk light chain locus that appears in
nature.

[0175] In some embodiments, the unrearranged human immunoglobulin variable
region gene segments comprise a plurality of human Vi« segments and one or more human
Jx segments. In some embodiments, the immunoglobulin variable region gene segments
comprise four functional V« segments and all human J« segments. In some embodiments,
the immunoglobulin variable region gene segments comprise 16 functional V segments
and all human J« segments. In some embodiments, the unrearranged human
immunoglobulin variable region gene segments comprise all of the human V« segments and
all human J« segments.

[0176] In some certain embodiments, an engineered Igi light chain locus (or allele)
comprises 1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35 or more (e.g., 36, 37, 38, 39, 40 etc.)
human Vi gene segments. In some certain embodiments, an engineered Igk light chain
locus (or allele) comprises human Vi« gene segments Vi 3D-7, Vi 1D-8, Vi 1D-43, Vi 3D-
11, Vi ID-12, Vi 1D-13, Vi 3D-15, Vi ID-16, Vi 1D-17, Vi 3D-20, Vi 6D-21, Vi 2D-26,
Vi 2D-28, Vi 2D-29, Vi 2D-30, Vi 1D-33, Vi 1D-39, Vi 2D-40, Vi 2-40, Vi 1-39, Vi 1-33,
Vi 2-30, Vi 2-28, Vi 1-27, Vi 2-24, Vi 6-21, Vi 3-20, Vi 1-17, Vi 1-16, V¢ 3-15, Vi 1-12,
Vi 3-11, Vi 1-9, Vi 1-8, Vi 1-6, Vi 1-5, Vi 5-2 and Vi 4-1. In some certain embodiments,
an engineered Igk light chain locus (or allele) comprises at least human V« gene segments
Vi 3D-7, Vi 1D-8, Vi 1D-43, Vi 3D-11, Vi 1D-12, Vi 1D-13, Vi 3D-15, Vi 1D-16, Vi 1D-
17, Vi 3D-20, Vi 6D-21, Vi 2D-26, Vi 2D-28, V« 2D-29, V 2D-30, Vi 1D-33, Vi« 1D-39
and Vi 2D-40. In some certain embodiments, an engineered Igk light chain locus (or allele)
comprises at least human Vi« gene segments Vi 2-40, Vi 1-39, Vi 1-33, Vi 2-30, Vi 2-28,
Vi 1-27, Vi 2-24, Vi 6-21, Vi 3-20, Vi 1-17, Vi 1-16, Vi 3-15, Vi 1-12, V¢ 3-11, Vi 1-9,
Vi 1-8, Vi 1-6, Vi 1-5, Vi 5-2 and Vi 4-1.

[0177] In some embodiments, the non-human animals provided herein have a
restricted immunoglobulin light chain locus characterized by no more than two human VL
gene segments and a plurality of JL gene segments (e.g., dual light chain mice, or DLC, as

described in U.S. Pat. Pub. No. 2013/0198880, which is hereby incorporated by reference).
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In some embodiments the VL gene segments are Vi gene segments. In some embodiments
the VL gene segments are Vi, gene segments. In some embodiments the Vi gene segments
are Vi 3-20 and Vi« 1-39.

[0178] In some embodiments, an engineered Igk light chain locus (or allele)
comprises 1, 2, 3, 4, 5 or more functional human J« gene segments. In some certain
embodiments, an engineered Igk light chain locus (or allele) comprises all or substantially
all the functional human J« gene segments found between human Jx1 and human J<5 gene
segments, inclusive, of a human Igxk light chain locus that appears in nature. In some certain
embodiments, an engineered Igk light chain locus (or allele) comprises at least human Jx
gene segments Jkl, Jk2, Ji3, Jid and JiS.

[0179] In yet other embodiments, the non-human organism may comprise in its
germline and/or genome a light chain immunoglobulin locus that includes insertions and/or
replacements of histidine codons designed to introduce pH-dependent binding properties to
the antibodies generated in such non-human organism. In some of such embodiments, the
histidine codons are inserted and/or replaced in the nucleic acid sequences encoding CDR3.
Various such light chain immunoglobulin loci are provided in U.S. Patent Nos. 9,301,510,
9,334,334, U.S. Patent Application Publication Nos. 2013/0247236, 20140013456,
incorporated herein by reference.

[0180] Exemplary variable regions comprising Igk gene segments are provided, for
example, in Macdonald ez al., Proc. Natl. Acad. Sci. USA 111:5147-52 and supplemental
information, which is hereby incorporated by reference. In some embodiments, the
unrearranged human immunoglobulin variable region gene segments comprise all of the
human Jk segments.

[0181] In some embodiments, the Igk variable gene locus containing unrearranged
human Igk variable region gene segments also includes human Igk variable region
intergenic sequences. In some embodiments, the Igk variable gene locus includes non-
human (e.g., rodent, rat, mouse) Igk variable region intergenic sequences. In some
embodiments, the Igk gene locus comprises non-human regulatory elements (e.g., non-
human promoters and/or enhancers). In some embodiments, the non-human regulatory
elements are rodent regulatory elements (e.g., rat or mouse promoters or enhancers).

[0182] In some embodiments, the Igk variable region locus is a rearranged variable
region locus comprising a Igk variable region gene (a universal light chain variable region).

In some embodiments, the rearranged Igk variable region gene is a human rearranged Igk
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variable region gene. Use of universal light chain variable regions facilitate the generation
of bispecific antibodies. Exemplary rearranged Ig light chain variable regions are provided
in U.S. Patent Pub. No. 2013/0185821, which is hereby incorporated by reference.

[0183] In some embodiments, the Igk chain locus comprises human or rodent (e.g.,
rat or mouse) regulatory elements. In some embodiments, the regulatory element is an
endogenous regulatory element. In certain embodiments, the Igk chain locus comprises a
rodent (e.g., rat or mouse) or human intronic k enhancer (Exi). In some embodiments, the
IgH locus comprises a rodent (e.g., rat or mouse) or human 3’ x enhancer (E«').

[0184] In some embodiments, the modified immunoglobulin k chain locus is
positioned at an endogenous immunoglobulin « chain locus. In some embodiments, the
immunoglobulin « chain locus replaces all or part of the endogenous immunoglobulin
chain locus. In certain embodiments, the modified Igk chain locus is located on a transgene
positioned outside of the endogenous locus. In some embodiments, the endogenous Igk
chain locus is inactivated (e.g., through the deletion, relocation and/or inversion of all or
part of the endogenous Igk chain locus).

[0185] In some embodiments, methods for making engineered immunoglobulin ¥
light chain loci described herein include inserting about 0.5kb of DNA that includes a
human Igk constant nucleotide sequence encoding an immunoglobulin k light chain
constant domain polypeptide in the place of a Igk constant exon of an Igk constant region
gene so that said human Igk constant nucleotide sequence is operably linked to the
enhancer and/or regulatory regions of said Igk constant region gene.

[0186] In some embodiments, the rodent (e.g., rat or mouse) is heterozygous for the
modified immunoglobulin « chain locus described herein. In certain embodiments, the
rodent (e.g., rat or mouse) is homozygous for modified the immunoglobulin « chain locus

described herein.

Humanized Immunoglobulin Lambda Loci

[0187] In certain aspects, provided herein are rodents (e.g., mice or rats) comprising
genetically modified Ighk chain loci. Such loci comprise Igh chain variable region gene
segments (i.e., at least a Vi gene segment and a Ji gene segment). The modified A locus
further includes at least one Igh chain constant region (C») gene segment. In certain

embodiments, the V. gene segment and Ji. gene segment such as human Vi, gene segment
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and human Ji gene segment are operably linked to the Ci such that the rodent (e.g., rat or
mouse) produces antibodies comprising light chain variable domains derived from the
human Vi gene segment and the human Ji. gene segment and light chain constant domains
derived from the Ci. gene segment. In some embodiments the Vi gene segment and J. gene
segment will be unrearranged Vi and Ji gene segments. In some embodiments, the V). gene
segment and Ji. gene segment will be a rearranged Vi and Ji gene segments and will
therefore be in the form of a rearranged variable region gene. In certain embodiments, the
Ig. variable region gene segments are human variable region gene segments. In certain
embodiments, the Ig). variable region gene segments are rodent variable region gene
segments (e.g., rat or mouse variable region gene segments). In some embodiments, the Ig).
constant region locus comprises a A constant region gene segment that is partially or
completely human. In some embodiments, the Igh chain loci described herein are located at
an endogenous Igh chain locus. Exemplary variable regions comprising Igh gene segments
are provided, for example, U.S. Pat. Pub. Nos. 2012/0073004 and 2002/0088016, and U.S.
Patent Application No. 15/803,513 (filed November 3, 2017; published as
US2018/0125043), each of which is hereby incorporated by reference.

[0188] In some embodiments, the Igh variable gene locus containing unrearranged
human Igk variable region gene segments also includes human Igh variable region
intergenic sequences. In some embodiments, the Igh variable gene locus includes non-
human (e.g., rodent, rat, mouse) Igh variable region intergenic sequences. In some
embodiments, the Igh gene locus comprises non-human regulatory elements (e.g., non-
human promoters and/or enhancers). In some embodiments, the non-human regulatory
elements are rodent regulatory elements (e.g., rat or mouse promoters or enhancers).

[0189] A human Igh light chain locus, in some embodiments, comprises genetic
material from a human Igh light chain locus. In some embodiments, a human Igh light chain
locus as described herein comprises at least one human Vi gene segment at least one human
Ji gene segment, at least one human Cy. gene segment, and one or more sequences necessary
to promote rearrangement (e.g., recombination signal sequence[s]) of said at least one
human Vi gene segment with said at least one human Ji. gene segment to form a functional
rearranged human Vi-Ji sequence that encodes a human Vi domain. In many embodiments,
a human Ig) light chain sequence comprises a plurality of human Vi gene segments and one
or more sequences necessary to promote rearrangement of said human Vi, gene segments

with at least one human Ji gene segment. In some embodiments, a human Igh light chain
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sequence as described herein is a genomic sequence of a human Igh light chain locus (e.g.,
isolated and/or cloned from a bacterial artificial chromosome) and contains a plurality of
human Vi gene segments in germline configuration. In some embodiments, a human Igh
light chain sequence comprises human V3, Ji and Cx sequences in germline configuration
(i.e., as said human Vy, J. and Ci. sequences appear in an IgA light chain locus in a human
cell, in other words, Jx. and Ci sequences appear as J. Cy. clusters). In some embodiments, a
human Igh light chain sequence encodes an Igh light chain polypeptide, in whole or in part,
which Igh light chain polypeptide appears in an immunoglobulin, in particular, an
immunoglobulin that is expressed by a human B cell. Non-human animals, embryos, cells
and targeting constructs for making non-human animals, non-human embryos, and cells
containing said human Igh light chain sequence in the place of a corresponding non-human
Igh light chain sequence (e.g., an endogenous rodent Igh light chain locus) are also
provided.

[0190] In some embodiments, a human Igh light chain sequence is inserted in the
place of a corresponding non-human Igh light chain sequence within the germline genome
of a non-human animal. In some embodiments, a human Igh light chain sequence is inserted
upstream of a non-human Igi light chain sequence (e.g., a non-human Igh light chain
constant region sequence). In some embodiments, a human Igk light chain sequence is
inserted in the midst of one or more non-human Igh light chain sequences so that said
human Igh light chain sequence is juxtaposed by non-human Igh light chain sequences.
[0191] In certain embodiments, the IgA chain locus comprises at least 2, 3, 4, 5, 6, 7,
8, 10, 20, 30 or 40 functional Vi gene segments. In some embodiments, the locus comprises
human Vi gene segments V,3-10, Vi3-9, Vi2-8, Vi4-3 and V13-1. In some embodiments,
the locus comprises Vi2-11, Vi3-12, Vi2-14, Vi3-16, V13-19, Vi3-21, Vi3-22, V)2-23,
V:13-25 and V1.3-27. In some embodiments, the locus comprises Vi3-27, Vi1-36, Vi5-37,
V15-39, Vi1-40, Vi7-43, Vi1-44, V135-45, Vi7-46, Vi1-47, V;9-49, V31-51 and V35-52. In
certain embodiments, the locus comprises Vi.10-54, V16-57, Vi4-60, Vi8-61 and V34-69. In
some embodiments, the Igh chain locus comprises one or more human Ji-Cs. pairs. For
example, in certain embodiments, the Igh chain locus comprises human Ji1-Ci1, J:2-C.2,
513-Ca3, 16-Ca6 and/or J.7-C7 downstream of the human Vi gene segments. In some
embodiments, the Ig) chain locus comprises human Ji1-Ci1, Jx2-C:2, J33-Ci3, J16-Ca6,
human J,7 and mouse Ci.1 downstream of the human V. gene segments, as depicted in

Figure 2A.
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[0192] In some embodiments, the Igh locus is a rearranged locus comprising a Igh
variable region gene (a universal light chain variable region). In some embodiments, the
rearranged Igh variable region gene is a human rearranged IgA variable region gene. Use of
universal light chain variable regions facilitate the generation of bispecific antibodies in
which at least one antigen-binding domain has binding. Exemplary rearranged Ig light
chain variable regions are provided in U.S. Patent Pub. No. 2013/0185821, which is hereby
incorporated by reference.

[0193] In some embodiments, the Igh chain locus comprises human or rodent (e.g.,
rat or mouse) regulatory elements. In some embodiments, the regulatory element is an
endogenous regulatory element. In certain embodiments, the IgA chain locus comprises a
rodent (e.g., rat or mouse) A enhancer 2.4. In some embodiments, the Igh chain locus
comprises a human or rodent (e.g., rat or mouse) 3’ A enhancer. In some embodiments, the
Igh chain locus comprises a rodent (e.g., rat or mouse) A enhancer 3.1.

[0194] In some embodiments, the modified immunoglobulin A chain locus is
positioned at an endogenous immunoglobulin A chain locus. In some embodiments, the
immunoglobulin A chain locus replaces all or part of the endogenous immunoglobulin A
chain locus. In certain embodiments, the modified IgA chain locus is located on a transgene
positioned outside of the endogenous locus. In some embodiments, the endogenous Igh
chain locus is inactivated (e.g., through the deletion, relocation and/or inversion of all or
part of the endogenous Igh chain locus).

[0195] In some embodiments, the rodent (e.g., rat or mouse) is heterozygous for the
modified immunoglobulin A chain locus. In certain embodiments, the rodent (e.g., rat or
mouse) is homozygous for modified the immunoglobulin A chain locus.

[0196] In some embodiments, the non-human organism comprises in its germline
and/or genome a light chain immunoglobulin locus comprising a limited repertoire of light
chain variable gene segments (e.g., a dual light chain variable region comprising two light
chain variable gene segments). In some embodiments, the light chain variable gene
segments in the limited repertoire of light chain gene segments are a human light chain
gene segments. Exemplary dual light chain variable regions are provided in U.S. Patent
Pub. No. 2013/0198880, which is hereby incorporated by reference. In some embodiments,
the non-human organism comprising a dual light chain variable region is used to produce

bispecific antibodies.
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Humanized CD79a and CD79b Loci

[0197] In some embodiments, rodents (e.g., mice or rats) described herein comprise
human or humanized B-cell antigen receptor complex-associated protein alpha chain
(CD79a or Iga) and/or B-cell antigen receptor complex-associated protein beta chain
(CD79b or Igp) loci. Rodents that contain human or humanized CD79a and CD79 genes
express human or humanized CD79a and CD79b polypeptides as heterodimers on the
surface of B cells, which associate with membrane-expressed immunoglobulins in a
noncovalent manner to form the B cell receptor (BCR). The BCR associates with antigen
and functions in signal transduction and internalization after engagement with antigen. In
some embodiments, rodents described herein comprise human or humanized CD79a and
CD79b genes. In some certain embodiments, rodents as described herein further comprise a
CD79a gene that comprises a rodent CD79a portion and a human CD79a portion, and a
CD79b gene that comprises a rodent CD79b portion and a human CD79b portion, wherein
the human CD79a portion encodes substantially all of the extracellular domain of a human
CD79a polypeptide (e.g., amino acids corresponding to residues 33-143 of a human CD79%a
polypeptide) and the human CD79b portion encodes substantially all of the extracellular
domain of a human CD79 polypeptide (e.g., amino acids corresponding to residues 29-159
of a human CD79b polypeptide). In some embodiments, rodent CD79a and CD79b portions
each encode at least the intracellular domain of endogenous CD79a and CD79b
polypeptides, respectively; in some certain embodiments the transmembrane and
intracellular domains of endogenous CD79a and CD79b polypeptides, respectively. In some
embodiments, human and endogenous portions are operably linked to endogenous CD79a
or CD79b promoters, respectively.

[0198] In some embodiments, rodents as described herein further comprise a
chimeric CD79a gene that comprises a rodent CD79a portion and a human CD79a portion,
wherein the human CD79a portion encodes the sequence comprising amino acids
corresponding to residues 33-116 of a human CD79a polypeptide, in one embodiment it
encodes the sequence comprising amino acids 33-119 of a human CD79a polypeptide, in
one embodiment it encodes the sequence comprising amino acids 33-143 of a human
CD79a polypeptide, in one embodiment, it encodes the sequence comprising amino acids
33-165 of a human CD79a polypeptide. In some embodiments, the chimeric CD79a
polypeptide comprises a human Ig C2-like domain; in some embodiments, the chimeric

CD79a polypeptide also comprises a human stalk region; in some embodiment, the
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chimeric CD79a polypeptide also comprises a human transmembrane domain; and in some
embodiments, the chimeric CD79a polypeptide further comprises a rodent (e.g., mouse)
cytoplasmic domain. In some embodiments, the rodent comprises a chimeric CD79a gene
comprising a human region portion described herein and a sequence encoding a human or
rodent (e.g., mouse) CD79a signal peptide; in one embodiment, the sequence encoding the
signal peptide is a mouse CD79a sequence encoding amino acids 1-28 of the mouse CD79a.
[0199] In some embodiments, rodents as described herein further comprise a
chimeric CD79b gene that comprises a rodent CD79b portion and a human CD79b portion,
wherein the human CD79b portion encodes the sequence comprising amino acids
corresponding to residues 29-135 of a human CD79b polypeptide, in one embodiment it
encodes the sequence comprising amino acids 29-159 of a human CD79b polypeptide, in
one embodiment it encodes the sequence comprising amino acids 29-184 of a human
CD79b polypeptide. In some embodiments, the chimeric CD79b polypeptide comprises a
human Ig V-like domain; in some embodiments, the chimeric CD79b polypeptide also
comprises a human stalk region; in some embodiment, the chimeric CD79b polypeptide
also comprises a human transmembrane domain; and in some embodiments, the chimeric
CD79b polypeptide further comprises a rodent (e.g., mouse) cytoplasmic domain. In some
embodiments, the rodent comprises a chimeric CD79b gene comprising a human region
portion described herein and a sequence encoding a human or rodent (e.g., mouse) CD79
signal peptide; in one embodiment, the sequence encoding the signal peptide is a mouse
CD79b sequence encoding amino acids 1-25 of the mouse CD79b.

[0200] GenBank accession nos. NP_001774.1, NM_001783.3, NP_067612.1 and
NM _021601.3, and UniProt ID P11912 provide representative source sequences of a
human CD79A gene and human CD79A polypeptide from which a desired human portion
may be obtained. GenBank accession nos. NP_000617.1, NM_000626.2, NP_001035022.1,
NM 001039933.1, NP_067613.1 and NM_021602.2, and UniProt ID P40259 provide
representative source sequences of a human CD79B gene and human CD79B polypeptide
from which a desired human portion may be obtained.

[0201] In some embodiments, the rodents (e.g., mice or rats) provided herein further
comprise one or more human CD79A and CD79B genes as described in U.S. Patent
Application Publication Nos. 2011-0093963 A1 and 2009-0053210 A1; International Patent
Application Publication No. WO 2008/027986; and European Patent No. 2 064 325 B1,

each of which is hereby incorporated by reference. In some certain embodiments, the
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rodents provided herein comprise a humanized CD79a gene that comprises an endogenous
CD79a portion and a human CD79a portion, and a humanized CD79b gene that comprises
an endogenous CD79b portion and a human CD79b portion, wherein the human CD79a
portion encodes substantially all of the extracellular domain of a human CD79a polypeptide
(e.g., amino acids corresponding to residues 33-143 of a human CD79a polypeptide) and
the human CD79b portion encodes substantially all of the extracellular domain of a human
CD79b polypeptide (e.g., amino acids corresponding to residues 29-159 of a human CD79
polypeptide). In some embodiments, the rodents provided herein comprise a humanized
CD79a gene that comprises an endogenous CD79a portion and a human CD79a portion,
and a humanized CD79b gene that comprises an endogenous CD79b portion and a human
CD79b portion, wherein the human CD79a portion encodes the sequence comprising amino
acids 33-116 (e.g., the sequence comprising amino acids 33-119, the sequence comprising
amino acids 33-143, or the sequence comprising amino acids 33-165 of a human CD79a
polypeptide), and wherein the human CD79b portion encodes the sequence comprising
amino acids 29-135 (e.g., the sequence comprising amino acids 29-159, or the sequence
comprising amino acids 29-184 of a human CD79a polypeptide) In some embodiments,
endogenous CD79a and CD79b portions each encode at least the intracellular domain of
endogenous CD79a and CD79b polypeptides, respectively; in some certain embodiments
the transmembrane and intracellular domains of endogenous CD79a and CD79

polypeptides, respectively.

Humanized Neonatal Fc Receptor Loci

[0202] In some embodiments the rodents (e.g., mice or rats) provided herein express
and/or comprise in their genome a humanized or human neonatal Fc receptor (FcRn) locus.
FcRn, also known as the Brambell receptor, is a protein that is expressed by endothelial
cells and associates with beta-2-microglobulin (32M) and binds to both the Fc domains of
IgG antibodies and serum albumin. FcRn extends the half-life of IgG and serum albumin.
Specifically, by binding IgG and serum albumin in a pH dependent manner, FcRn is able to
rescue these serum proteins from lysosomal degradation by endothelial cells, thereby
increasing the serum half-life of such proteins.

[0203] In some embodiments, the FcRn locus comprises a nucleic acid sequence
encoding an FcRn polypeptide comprising a human extracellular domain, a rodent (e.g.,

mouse or rat) transmembrane domain and a rodent (e.g., mouse or rat) cytoplasmic domain.
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In some embodiments, the FcRn locus comprises a nucleic acid sequence encoding an FcRn
polypeptide comprising a human extracellular domain, a human (e.g., mouse or rat)
transmembrane domain and a rodent (e.g., mouse or rat) cytoplasmic domain. In some
embodiments, the FcRn locus comprises a nucleic acid sequence encoding an FcRn
polypeptide comprising a human extracellular domain, a human (e.g., mouse or rat)
transmembrane domain and a human (e.g., mouse or rat) cytoplasmic domain.

[0204] In some embodiments the nucleic acid sequence encoding the FcRn
polypeptide is positioned at an endogenous rodent FcRn locus. In certain embodiments the
nucleic acid sequence encoding the FcRn polypeptide replaces all or part of an endogenous
rodent FcRn gene. For example, in some embodiments, the nucleic acid sequence encoding
the extracellular domain in an endogenous FcRn locus is replaced with a nucleic acid
sequence encoding the extracellular domain of a human FcRn such that a rodent comprising
such a locus expresses an FcRn with a human extracellular domain and a rodent (e.g., rat or
mouse) transmembrane and cytoplasmic domain. In some embodiments, the rodent does not
express a rodent FcRn, or does not express a functional rodent FcRn. In some
embodiments, the FcRn gene locus comprises non-human regulatory elements (e.g., non-
human promoters and/or enhancers). In some embodiments, the non-human regulatory
elements are rodent regulatory elements (e.g., rat or mouse promoters or enhancers).

[0205] In certain embodiments, the mouse exons encoding alpha 1, alpha 2, and
alpha 3 domains (exons 3, 4, and 5, which are the first three coding exons) of the mouse
FcRn gene are replaced with human exons encoding alpha 1, alpha 2, and alpha 3 domains
(exons 3, 4, and 5) of the human FcRn gene (see Figure 4). In some embodiments, the FcRn
gene comprises mouse exon 1 (non-coding exon), mouse exon 2 (comprising nucleic acid
sequence encoding the signal peptide), and human exons 3-6, mouse exons 6 and 7
(encoding transmembrane and cytoplasmic domains). In some embodiments the amino acid
sequence of the humanized FcRn encoded by the locus is SEQ ID NO: 16.

[0206] GenBank accession nos. NC_000019.10 (49512279-49526428),

NM _001136019.1, and NP_001129491.1 provide representative source sequences of a
human FcRn gene, cDNA and polypeptide from which a desired human portion may be
obtained. GenBank accession nos. NC_000073.6 (45092992-45103846), NM_010189.1,
and NP_034319.1 provide representative source sequences of a mouse FcRn gene, cDNA
and polypeptide from which a desired mouse portion may be obtained and/or which can be

used in the design of targeting vector homology arms.
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[0207] In some embodiments, the rodent is heterozygous for the genetically
modified FcRn locus. In some embodiments, the rodent is homozygous for the genetically
modified FcRn locus.

Humanized p-2-microglobulin

[0208] In some embodiments, the genetically modified rodents (e.g., rats or mice)
and ES cells described herein express and/or comprise in their genome a locus encoding
humanized B-2-microglobulin (B2M) polypeptide. B2M is a polypeptide that lacks a
transmembrane region and that associates with the FcRn and MHC class I molecules.
[0209] In some embodiments, the B2M locus comprises a nucleic acid sequence
encoding a human B2M polypeptide. In some embodiments the nucleic acid sequence
encoding the human $2M polypeptide is positioned at an endogenous rodent f2M locus. In
certain embodiments the nucleic acid sequence encoding the B2M polypeptide replaces all
or part of an endogenous rodent f2M gene. In some embodiments, the rodent does not
express a rodent B2M, or does not express a functional rodent B2M polypeptide. In some
embodiments, the 2M gene locus comprises non-human regulatory elements (e.g., non-
human promoters and/or enhancers). In some embodiments, the non-human regulatory
elements are rodent regulatory elements (e.g., rat or mouse promoters or enhancers).

[0210] Humanized B2M polypeptides, loci encoding humanized B2M polypeptides
and non-human animals expressing humanized B2M polypeptides are described in U.S. Pat.
Pub. Nos. 2013/0111617 and 2013/0185819, each of which is incorporated by reference
herein. Thus, as described in U.S. Pat. Pub. Nos. 2013/0111617 and 2013/0185819, in some
embodiments, non-human animals (e.g., mice) comprise a humanized B2M gene, wherein
the gene comprises exons 2, 3, and 4 of the human B2M gene, and in some embodiments,
the humanized B2M gene comprises exon 1 of the non-human (e.g., mouse) B2M gene. The
humanized B2M locus is depicted schematically in Figure 5. In some embodiments, the
rodent is heterozygous for the genetically modified f2M locus. In some embodiments, the

rodent is homozygous for the genetically modified B2M locus.

Humanized Fc epsilon receptor 1 alpha
[0211] In some embodiments the rodents (e.g., mice or rats) provided herein express

and/or comprise in their genome a humanized or human Fc epsilon receptor 1 alpha
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(FceR1a) locus. FceR1a associates with FceR1B and FceR1y to form FceR1, a high-affinity
receptor for IgE that is expressed on epidermal Langerhans cells, eosinophils, mast cells
and basophils. The IgE binding site of FceR1 is found in the FceR1a subunit.

[0212] In some embodiments, the FceR1a locus comprises a nucleic acid sequence
encoding an FceR1a polypeptide comprising a human extracellular domain, a rodent (e.g.,
mouse or rat) transmembrane domain and a rodent (e.g., mouse or rat) cytoplasmic domain.
In some embodiments, the FceR1a locus comprises a nucleic acid sequence encoding an
FceR1a polypeptide comprising a human extracellular domain, a human transmembrane
domain and a rodent (e.g., mouse or rat) cytoplasmic domain. In some embodiments, the
FceR1a locus comprises a nucleic acid sequence encoding an FceR1a polypeptide
comprising a human extracellular domain, a human transmembrane domain and a human
cytoplasmic domain. An exemplary embodiment of an engineered FceR 1a locus is depicted
in Figure 9.

[0213] In some embodiments the nucleic acid sequence encoding the FceR1a,
polypeptide is positioned at an endogenous rodent FceR1a locus. In certain embodiments
the nucleic acid sequence encoding the FceR1a polypeptide replaces all or part of an
endogenous rodent FceR1o gene. For example, in some embodiments, the nucleic acid
sequence encoding the extracellular domain in an endogenous FceR1a locus is replaced
with a nucleic acid sequence encoding the extracellular domain of a human FceR1a such
that a rodent comprising such a locus expresses a FceR1a with a human extracellular
domain and a rodent (e.g., rat or mouse) transmembrane and cytoplasmic domain. In some
embodiments the nucleic acid sequence encoding a FceR1a polypeptide comprising a
human extracellular domain, a human transmembrane domain, and a human cytoplasmic
domain is positioned at an endogenous rodent FceR1a locus. In some embodiments the
nucleic acid sequence encoding a FceR 1a polypeptide comprising a human extracellular
domain, a human transmembrane domain, and a human cytoplasmic domain replaces all or
part of an endogenous rodent FceR1a gene. In some embodiments, the rodent does not
express a rodent FceR1a, or does not express a functional rodent FceR1o. In some
embodiments, the FceR 1a gene locus comprises non-human regulatory elements (e.g., non-
human promoters and/or enhancers). In some embodiments, the non-human regulatory
elements are rodent regulatory elements (e.g., rat or mouse promoters or enhancers).

[0214] In certain embodiments, part of mouse coding exon 1, coding exon 2, coding

exon 3, coding exon 4, and coding exon 5 of the mouse FceRlo. are replaced by part of
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human coding exon 1, coding exon 2, coding exon 3, coding exon 4, and coding exon 5 of
the human FceRIo gene. In some embodiments, the FceRlo gene comprised chimeric
mouse/human exon 1 (comprising mouse promoter and 5 UTR), human coding exons 2-5
through the stop codon, human 3’UTR and polyA, followed by the mouse 3°UTR and
polyA. In some embodiments, chimeric gene exons 1 (partial) and 2 encode the signal
peptide, exon 3 and 4 encode the two Ig-like domains of FceRIa that are believed to
interact with IgE, and exon 5 encodes the cytoplasmic and transmembrane domains of the
protein (see Figure 9).

[0215] GenBank accession nos. NC_000001.11 (159283888-159308224),
NM_002001.3, and NP_001992.1 provide representative source sequences of a human
FceR1a gene, cDNA and polypeptide from which a desired human portion may be
obtained. GenBank accession nos. NC_000067.6 (173221269-173227232), NM_010184.1,
and NP_034314.1 provide representative source sequences of a mouse FceR1a gene, cDNA
and polypeptide from which a desired mouse portion may be obtained and/or which can be
used in the design of targeting vector homology arms.

[0216] In some embodiments, the rodent is heterozygous for the genetically
modified FceR1a locus. In some embodiments, the rodent is homozygous for the

genetically modified FceR1a locus.

Humanized Fc gamma receptor la

[0217] In some embodiments the rodents (e.g., mice or rats) provided herein express
and/or comprise in their genome a humanized or human Fc gamma receptor 1a (FcyR1a,
often labeled FcyR1 in the Figures) locus. FcyR1a is a high affinity FcyR protein expressed
on monocytes that binds to the Fc portion of IgG and causes activation of the host cell.
[0218] In some embodiments, the FcyR1a locus comprises a nucleic acid sequence
encoding a FcyR1a polypeptide comprising a human extracellular domain, a rodent (e.g.,
mouse or rat) transmembrane domain and a rodent (e.g., mouse or rat) cytoplasmic domain.
In some embodiments, the FcyR1a locus comprises a nucleic acid sequence encoding a
FcyR1a polypeptide comprising a human extracellular domain, a human (e.g., mouse or rat)
transmembrane domain and a rodent (e.g., mouse or rat) cytoplasmic domain. In some
embodiments, the FcyR1a locus comprises a nucleic acid sequence encoding a FcyR1a
polypeptide comprising a human extracellular domain, a human (e.g., mouse or rat)

transmembrane domain and a human (e.g., mouse or rat) cytoplasmic domain.
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[0219] In some embodiments the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FcyR1a locus. In certain embodiments
the nucleic acid sequence encoding the FcyR1a polypeptide replaces all or part of an
endogenous rodent FcyR1a gene. For example, in some embodiments, the nucleic acid
sequence encoding the extracellular domain in an endogenous FcyR1a locus is replaced
with a nucleic acid sequence encoding the extracellular domain of a human FceR1a such
that a rodent comprising such a locus expresses a FcyR1a with a human extracellular
domain and a rodent (e.g., rat or mouse) transmembrane and cytoplasmic domain. In some
embodiments, the rodent does not express a rodent FcyR1a, or does not express a functional
rodent FcyR1a. In some embodiments, the FcyR1a gene locus comprises non-human
regulatory elements (e.g., non-human promoters and/or enhancers). In some embodiments,
the non-human regulatory elements are rodent regulatory elements (e.g., rat or mouse
promoters or enhancers).

[0220] Humanized FcyR1a polypeptides, loci encoding humanized FcyR1a
polypeptides and non-human animals expressing humanized FcyR1a polypeptides are
described in U.S. Pat. No. 9,474,255 and U.S. Pat. Pub. No. 2017/0086432, each of which
is incorporated by reference herein.

[0221] In some embodiments, the rodent is heterozygous for the genetically
modified FcyR1a locus. In some embodiments, the rodent is homozygous for the

genetically modified FcyR1a locus.

Humanized Low Affinity Fc Gamma Receptors

[0222] In some embodiments, the genetically modified rodents (e.g., rats or mice)
and ES cells described herein express and/or comprise in their genome a locus encoding
human low affinity Fc gamma receptor (FcyR) polypeptide (e.g., a human FcyRIla,
FeyRIlb, FeyRlIle, FeyRIIIa or FeyRIIb polypeptide).

[0223] In some embodiments, the low affinity FcyR locus comprises a nucleic acid
sequence encoding a human FcyRlIla polypeptide. In some embodiments the nucleic acid
sequence encoding the human FcyRIla polypeptide is positioned at an endogenous rodent
low affinity FcyR locus. In certain embodiments the nucleic acid sequence encoding the
FcyRlIla polypeptide replaces all or part of an endogenous rodent low affinity FcyR locus.
In a specific embodiment, the human FcyRIla gene comprises a polymorphism, wherein the

polymorphism is selected from a 131His low responder polymorphism and a 131Arg high
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responder polymorphism. In a specific embodiment, the FcyRIIa polymorphism is the
131His low responder polymorphism. In some embodiments, the rodent does not express a
rodent low affinity FcyR polypeptide (e.g., does not express a rodent FcyRIIb, FcyRIV
and/or FcyRIII polypeptide, or does not express functional rodent FcyRIIb, FcyRIV and/or
FcyRIII polypeptide). In some embodiments, the FcyRIla gene locus comprises non-human
regulatory elements (e.g., non-human promoters and/or enhancers). In some embodiments,
the non-human regulatory elements are rodent regulatory elements (e.g., rat or mouse
promoters or enhancers).

[0224] In some embodiments, the low affinity FcyR locus comprises a nucleic acid
sequence encoding a human FcyRIIb polypeptide. In some embodiments the nucleic acid
sequence encoding the human FcyRIIb polypeptide is positioned at an endogenous rodent
low affinity FcyR locus. In certain embodiments the nucleic acid sequence encoding the
FcyRIIb polypeptide replaces all or part of an endogenous rodent low affinity FcyR locus.
In a specific embodiment, the human FcyRIIb gene comprises an amino acid substitution,
wherein the substitution is selected from an 187Ile or a 187Thr substitution. In some
embodiments, the rodent does not express a rodent low affinity FcyR polypeptide (e.g.,
does not express a rodent FcyRIIb, FcyRIV and/or FcyRIII polypeptide, or does not express
functional rodent FcyRIIb, FeyRIV and/or FeyRIII polypeptide). In some embodiments, the
FcyRIIb gene locus comprises non-human regulatory elements (e.g., non-human promoters
and/or enhancers). In some embodiments, the non-human regulatory elements are rodent
regulatory elements (e.g., rat or mouse promoters or enhancers).

[0225] In some embodiments, the low affinity FcyR locus comprises a nucleic acid
sequence encoding a human FcyRlIlIc polypeptide. In some embodiments the nucleic acid
sequence encoding the human FcyRIIc polypeptide is positioned at an endogenous rodent
low affinity FcyR locus. In certain embodiments the nucleic acid sequence encoding the
FeyRlIlIc polypeptide replaces all or part of an endogenous rodent low affinity FcyR locus.
In one embodiment, the FcyRIIc gene is a specific allelic variant, wherein the allelic variant
is selected from a 57Stop variant and a 57Q variant. In some embodiments, the rodent does
not express a rodent low affinity FcyR polypeptide (e.g., does not express a rodent FcyRIIB,
FcyRIV and/or FeyRIII polypeptide). In some embodiments, the FcyRIIc gene locus
comprises non-human regulatory elements (e.g., non-human promoters and/or enhancers).
In some embodiments, the non-human regulatory elements are rodent regulatory elements

(e.g., rat or mouse promoters or enhancers).
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[0226] In some embodiments, the low affinity FcyR locus comprises a nucleic acid
sequence encoding a human FcyRIIla polypeptide. In some embodiments the nucleic acid
sequence encoding the human FcyRIIla polypeptide is positioned at an endogenous rodent
low affinity FcyR locus. In certain embodiments the nucleic acid sequence encoding the
FcyRlIIla polypeptide replaces all or part of an endogenous rodent low affinity FcyR locus.
In some embodiments, the rodent does not express a rodent low affinity FcyR polypeptide
(e.g., does not express a rodent FcyRIIb, FcyRIV and/or FcyRIII polypeptide, or does not
express functional rodent FcyRIIb, FcyRIV and/or FcyRIII polypeptide). In one
embodiment, the FcyRIIla gene is a specific allelic variant, wherein the allelic variant is
selected from a 176Val variant and a 176Phe variant. In a specific embodiment, the
FcyRIlla allelic variant is the 176Val variant. In some embodiments, the FcyRIIIa gene
locus comprises non-human regulatory elements (e.g., non-human promoters and/or
enhancers). In some embodiments, the non-human regulatory elements are rodent
regulatory elements (e.g., rat or mouse promoters or enhancers).

[0227] In some embodiments, the low affinity FcyR locus comprises a nucleic acid
sequence encoding a human FcyRIIIb polypeptide. In some embodiments the nucleic acid
sequence encoding the human FcyRIIIb polypeptide is positioned at an endogenous rodent
low affinity FcyR locus. In certain embodiments the nucleic acid sequence encoding the
FeyRIIIb polypeptide replaces all or part of an endogenous rodent low affinity FcyR locus.
In a specific embodiment, the FcyRIIIb gene is a specific allelic variant, wherein the allelic
variant is selected from a NA1 variant and a NA2 variant. In another specific embodiment,
the FcyRIIIb allelic variant is a NA2 variant. In some embodiments, the rodent does not
express a rodent low affinity FcyR polypeptide (e.g., does not express a rodent FcyRIIb,
FcyRIV and/or FeyRIII polypeptide, or does not express functional rodent FcyRIIb, FcyRIV
and/or FcyRIII polypeptide). In some embodiments, the FcyRIIIb gene locus comprises
non-human regulatory elements (e.g., non-human promoters and/or enhancers). In some
embodiments, the non-human regulatory elements are rodent regulatory elements (e.g., rat
or mouse promoters or enhancers).

[0228] In some embodiments, a rodent (e.g., rat or mouse) provided herein
comprises one or more human low affinity FcyR genes as described in U.S. Patent Nos.
9,221,894, 9,056,130, 9,089,599, 8,658,154, 8,883,496 or 8,658,853. In some
embodiments, a rodent (e.g., rat or mouse) provided herein comprises at least two low

affinity human FcyR genes and an endogenous rodent (e.g., rat or mouse) Fc y-chain gene,
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wherein the low affinity human FcyR genes are selected from the group consisting of
human FcyRIla, FcyRIIb, FeyRlIlc, FeyRIITa and FeyRIIIb. In some certain embodiments, a
rodent (e.g., rat or mouse) provided herein comprises a human FcyRIIa and FcyRIIIb, and
an endogenous rodent (e.g., rat or mouse) Fc y-chain gene. In some certain embodiments, a
rodent (e.g., rat or mouse) provided herein comprises FcyRIla, FcyRIlla, FcyRIIb, FcyRIlc
and FcyRIIId genes, and an endogenous rodent (e.g., rat or mouse) Fc y-chain gene. In
various embodiments, a rodent (e.g., rat or mouse) comprising one or more human FcyRs
further comprises a homozygous disruption in endogenous rodent (e.g., rat or mouse)
FcyRIIB, FcyRIV and FcyRIII genes (i.e., endogenous rodent FcyRIIb, FeyRIV and FeyRIIT
a-chain encoding sequences). In various embodiments, a rodent (e.g., rat or mouse)
comprising one or more human low affinity FcyRs as described herein does not detectably
express an endogenous rodent low affinity FcyR polypeptide (e.g., an endogenous low
affinity FcyR a-chain polypeptide).

[0229] In some embodiments, the rodent is heterozygous for the genetically
modified low affinity FcyR locus. In some embodiments, the rodent is homozygous for the

genetically modified low affinity FcyR locus.

Genetically modified Non-Human Animals and ES cells

[0230] In certain aspects, provided herein are genetically modified non-human
animals (e.g., rodents, such as rats or mice) comprising one or more of the humanized loci
disclosed herein as well as genetically modified non-human animal ES cells useful in the
making of such non-human animals.

[0231] In certain aspects, provided herein are genetically modified non-human
animals and non-human animal ES cells comprising in their germline and/or genome one or
more of the engineered loci described herein. For example, in some embodiments the non-
human animal or ES cell comprises in its germline and/or genome an IgH locus provided
herein. In certain embodiments, the non-human animal or ES cell further comprises an Igik
and/or an Igh locus provided herein. In some embodiments the non-human animal or ES
cell comprises in their germline and/or genome a CD79a and/or a CD79b locus provided
herein. In certain embodiments, the non-human animal or ES cell comprises in their
germline and/or genome a FcRn locus provided herein. In certain embodiments, the non-
human animal or ES cell comprises in their germline and/or genome a f2M locus provided

herein. In certain embodiments, the non-human animal or ES cell comprises in their
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germline and/or genome a FceR1a locus provided herein. In certain embodiments, the non-
human animal or ES cell comprises in their germline and/or genome a FcyR1a locus
provided herein. In certain embodiments, the non-human animal or ES cell comprises in
their germline and/or genome a FcyR2a locus provided herein. In certain embodiments, the
non-human animal or ES cell comprises in their germline and/or genome a FcyR2b locus
provided herein. In certain embodiments, the non-human animal or ES cell comprises in
their germline and/or genome a FcyR3a locus provided herein. In certain embodiments, the
non-human animal or ES cell comprises in their germline and/or genome a FcyR3b locus
provided herein. In certain embodiments, the non-human animal or ES cell comprises in
their germline and/or genome a FcyR2c locus provided herein. In some embodiments, the
non-human animal or ES cell is heterozygous for one or more of the loci, e.g., genetically
engineered loci, provided herein. In some embodiments, the non-human animal or ES cell is
homozygous for one or more of the loci, e.g., genetically engineered loci, provided herein.
[0232] In some embodiments, the non-human animal can be any non-human animal.
In some embodiments, the non-human animal is a vertebrate. In some embodiments, the
non-human animal is a mammal. In some embodiments, the genetically modified non-
human animal described herein may be selected from a group consisting of a mouse, rat,
rabbit, pig, bovine (e.g., cow, bull, buffalo), deer, sheep, goat, llama, chicken, cat, dog,
ferret, primate (e.g., marmoset, rhesus monkey). For non-human animals where suitable
genetically modifiable ES cells are not readily available, other methods can be employed to
make a non-human animal comprising the genetic modifications described herein. Such
methods include, for example, modifying a non-ES cell genome (e.g., a fibroblast or an
induced pluripotent cell) and employing nuclear transfer to transfer the modified genome to
a suitable cell, such as an oocyte, and gestating the modified cell (e.g., the modified oocyte)
in a non-human animal under suitable conditions to form an embryo.

[0233] In various embodiments, provided herein are non-human animals, e.g.,
rodents (e.g., rats or mice) comprising genetically engineered immunoglobulin heavy chain
locus. Exemplary embodiments of such genetically engineered loci are depicted
schematically in Figure 1 and described in detail herein. In some embodiments, a non-
human animal described herein includes an Adam6 gene in its genome (e.g., its germline
genome), which encodes an ADAMG6 polypeptide, functional ortholog, functional homolog,
or functional fragment thereof (see, e.g., U.S. Patent Nos. 8,642,835 and 8,697,940, each of

which is incorporated herein by reference in its entirety). In some embodiments, an
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ADAMSG polypeptide, functional ortholog, functional homolog, or functional fragment
thereof is expressed from an Adamé gene. In some embodiments, an Adam6 gene does not
originate from the non-human animal that includes an Adam6 gene (e.g., a mouse that
includes a rat Adam6 gene or a mouse Adam6 gene obtained from another strain of mouse).
In some embodiments, a non-human animal described herein includes an ectopic Adam6
gene. An “ectopic” Adam6 gene, as used herein, refers to an Adam6 gene that isin a
different context than the Adam6 gene appears in a wild-type non-human animal. For
example, the Adam6 gene could be located on a different chromosome, located at a
different locus, or positioned adjacent to different sequences. An exemplary ectopic Adam6
gene is a mouse Adam6 gene located within human immunoglobulin sequences (e.g.,
human heavy chain variable region gene segments). In some embodiments, a non-human
animal described herein includes an inserted or integrated Adam6 gene.

[0234] In some embodiments, a non-human animal described herein includes an
insertion of one or more nucleotide sequences encoding one or more non-human Adamé6
polypeptides, functional orthologs, functional homologs, or functional fragments thereof in
its genome (e.g., its germline genome).

[0235] In some embodiments, a non-human animal described herein includes one or
more nucleotide sequences encoding one or more non-human ADAMSG6 polypeptides,
functional orthologs, functional homologs, or functional fragments thereof in its genome
(e.g., its germline genome). In some embodiments, a non-human animal described herein
includes a mouse Adamo6a gene and/or a mouse Adam6b gene in its genome (e.g. its
germline genome). In some embodiments, a non-human animal described herein includes
one or more nucleotide sequences encoding a mouse ADAMO6a, functional ortholog,
functional homolog, or functional fragment thereof, and/or a mouse ADAMG6b, functional
ortholog, functional homolog, or functional fragment thereof.

[0236] In some embodiments, one or more nucleotide sequences encoding one or
more non-human ADAMG6 polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are inserted and/or are located on the same chromosome as the
endogenous immunoglobulin heavy chain locus. In some embodiments, one or more
nucleotide sequences encoding one or more non-human ADAMSG6 polypeptides, functional
orthologs, functional homologs, or functional fragments thereof are inserted and/or are
located in a position so that the one or more nucleotide sequences encoding one or more

non-human ADAMG6 polypeptides, functional orthologs, functional homologs, or functional
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fragments thereof are contiguous with human immunoglobulin heavy chain variable region
gene segments. In some embodiments, one or more nucleotide sequences encoding one or
more non-human ADAMG6 polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are inserted and/or are located in a position so that the one or
more nucleotide sequences encoding one or more non-human ADAMG6 polypeptides,
functional orthologs, functional homologs, or functional fragments thereof are adjacent to
human immunoglobulin heavy chain variable region gene segments. In some embodiments,
one or more nucleotide sequences encoding one or more non-human ADAMG6 polypeptides,
functional orthologs, functional homologs, or functional fragments thereof are inserted
and/or are located in a position so that the one or more nucleotide sequences encoding one
or more non-human ADAMBS6 polypeptides, functional orthologs, functional homologs, or
functional fragments thereof are located in between human immunoglobulin heavy chain
variable region gene segments. In some embodiments, one or more nucleotide sequences
encoding one or more non-human ADAMG6 polypeptides, functional orthologs, functional
homologs, or functional fragments thereof are inserted and/or are located between a first
and a second human Vu gene segment. In some embodiments, a first human Vu gene
segment is human Vu1-2 and a second human Vu gene segment is human Vu6-1. In some
embodiments, one or more nucleotide sequences encoding one or more non-human
ADAMSG polypeptides, functional orthologs, functional homologs, or functional fragments
thereof are inserted and/or are located in the place of a human Adam6 pseudogene. In some
embodiments, one or more nucleotide sequences encoding one or more non-human
ADAMBS polypeptides, functional orthologs, functional homologs, or functional fragments
thereof are inserted between a human Vu gene segment and a human Du gene segment.
[0237] In some embodiments, a non-human animal described herein includes an
Adam6 gene that restores or enhances ADAMG6 activity. In some embodiments, the Adam6
gene restores ADAMG activity to the level of a comparable non-human animal that includes
a functional, endogenous Adam6 gene. In some embodiments, the Adam6 gene enhances
ADAMGO activity to a level that is at least 2 times, at least 3 times, at least 4 times, at least 5
times, at least 6 times, at least 7 times, at least 8 times, at least 9 times, or at least 10 times
the ADAMBO activity of a comparable non-human animal that does not include a functional
Adam6 gene.

[0238] In some embodiments, a non-human animal described herein includes an

Adam6 gene that restores or enhances fertility in a male non-human animal. In some
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embodiments, the Adam6 gene restores fertility in a male non-human animal to a level of a
comparable non-human animal that includes a functional, endogenous Adam6 gene. In
some embodiments, the Adam6 gene restores fertility in a male non-human animal so that
the number of pups produced by mating the male non-human animal is at least 70%, at least
80%, at least 90%, at least 95% the number of pups produced from a comparable mating of
a comparable, male non-human animal that does not include a functional Adam6 gene. In
some embodiments, the Adam6 gene enhances fertility in a male non-human animal so that
number of pups produced by the mating of the male non-human animal include at least 2
times, at least 3 times, at least 4 times, at least 5 times, at least 6 times, at least 7 times, at
least 8 times, at least 9 times, or at least 10 times the number of pups produced from a
comparable mating of a comparable, male non-human animal that does not include a
functional Adam6 gene.

[0239] In some embodiments, a non-human immunoglobulin heavy chain locus as
described herein lacks at least one endogenous non-human Adam6 gene. In some
embodiments, the lack of the at least one endogenous non-human Adam6 gene reduces
ADAMSG activity and/or fertility in a male mouse that lacks an endogenous non-human
Adam6 gene. In some embodiments, a non-human immunoglobulin heavy chain locus as
described herein includes a disruption of at least one endogenous non-human Adam6 gene.
In some embodiments, the disruption of at least one endogenous non-human Adamé gene
reduces ADAMG activity and/or fertility in a male mouse that lacks an endogenous non-
human Adam6 gene.

[0240] In some embodiments, the non-human animal is a mammal. In some
embodiments, the non-human animal is a small mammal, e.g., of the superfamily
Dipodoidea or Muroidea. In some embodiments, the non-human animal is a rodent. In
certain embodiments, the rodent is a mouse, a rat or a hamster. In some embodiments, the
rodent is selected from the superfamily Muroidea. In some embodiments, the non-human
animal is from a family selected from Calomyscidae (e.g., mouse-like hamsters), Cricetidae
(e.g., hamster, New World rats and mice, voles), Muridae (e.g., true mice and rats, gerbils,
spiny mice, crested rats), Nesomyidae (e.g., climbing mice, rock mice, white-tailed rats,
Malagasy rats and mice), Platacanthomyidae (e.g., spiny dormice), and Spalacidae (e.g.,
mole rates, bamboo rats, and zokors). In some embodiments, the rodent is selected from a
true mouse or rat (family Muridae), a gerbil, a spiny mouse, and a crested rat. In some

embodiments, the mouse is from a member of the family Muridae. In some embodiments,
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the non-human animal is a rodent. In some embodiments, the rodent is selected from a
mouse and a rat. In some embodiments, the non-human animal is a mouse.

[0241] In some embodiments, the non-human animal is a mouse of a C57BL strain.
In some embodiments, the C57BL strain is selected from C57BL/A, C57BL/An,
C57BL/GrFa, C57BL/KaLwN, C57BL/6, C57BL/6J, C57BL/6ByJ, C57TBL/6NJ,
C57BL/10, C57BL/10ScSn, C57BL/10Cr, and C57BL/Ola. In some embodiments, the non-
human animal is a mouse of a 129 strain. In some embodiments, the 129 strain is selected
from the group consisting of a strain that is 129P1, 129P2, 129P3, 129X1, 12951 (e.g.,
129S1/SV, 129S1/SvIm), 129S2, 12984, 12985, 129S9/SvEvH, 12986 (129/SvEvTac),
12987, 12988, 129T1, 129T2. In some embodiments, the genetically modified mouse is a
mix of a 129 strain and a C57BL strain. In some embodiments, the mouse is a mix of 129
strains and/or a mix of C57BL/6 strains. In some embodiments, the 129 strain of the mix is
a 12956 (129/SvEvTac) strain. In some embodiments, the mouse is a BALB strain (e.g.,
BALB/c). In some embodiments, the mouse is a mix of a BALB strain and another strain
(e.g., a C57BL strain and/or a 129 strain). In some embodiments, the non-human animals
provided herein can be a mouse derived from any combination of the aforementioned
strains.

[0242] In some embodiments, the non-human animal provided herein is a rat. In
some embodiments, the rat is selected from a Wistar rat, an LEA strain, a Sprague Dawley
strain, a Fischer strain, F344, F6, and Dark Agouti. In some embodiments, the rat strain is a
mix of two or more strains selected from the group consisting of Wistar, LEA, Sprague
Dawley, Fischer, F344, F6, and Dark Agouti.

[0243] In certain embodiments, the genetically modified non-human animals or ES
cells comprise in their genome and/or germline multiple loci provided herein, such as
multiple genetically engineered loci provided herein. For example, in some embodiments
the non-human animal or ES cell comprises in its germline and/or genome an IgH locus
provided herein and an Igk and/or an Igh locus provided herein. In some embodiments the
non-human animal or ES cell comprises in its germline and/or genome an IgH locus
provided herein, an Igk and/or an Igh locus provided herein and, optionally, a CD79a and/or
a CD79b locus provided herein. In some embodiments the non-human animal or ES cell
comprises in its germline and/or genome an IgH locus provided herein, an Igk and/or an Igh
locus provided herein, a FcRn locus provided herein and a p2M locus provided herein. In

some embodiments the non-human animal or ES cell comprises in its germline and/or
-67 -



WO 2019/190990 PCT/US2019/023899

genome an IgH locus provided herein, an Igk and/or an Igh locus provided herein, a FcRn
locus provided herein, a f2M locus provided herein, a FceR1a locus provided herein, a
FcyR1a locus provided herein, a FcyR2a locus provided herein, a FcyR2b locus provided
herein, a FcyR3a locus provided herein, a FcyR3b locus provided herein, and/or a FcyR2¢
locus provided herein, and any combinations thereof.

[0244] In certain aspects, the genetically modified non-human animal expresses one
or more of the humanized polypeptides encoded by the humanized loci provided herein. For
example, in some embodiments the non-human animal expresses a humanized Ig heavy
chain polypeptide. In certain embodiments, the non-human animal expresses a humanized
Igk polypeptide and/or a humanized Ighk polypeptide. In some embodiments the non-human
animal expresses a humanized CD79a polypeptide and/or a humanized CD79b polypeptide.
In certain embodiments, the non-human animal expresses a humanized FcRn polypeptide.
In certain embodiments, the non-human animal expresses a humanized f2M polypeptide. In
certain embodiments, the non-human animal expresses a humanized FceR1a polypeptide.
In certain embodiments, the non-human animal expresses a humanized FcyR 1a polypeptide.
In certain embodiments, the non-human animal or ES cell the non-human animal expresses
a humanized FcyR2a polypeptide. In certain embodiments, the non-human animal expresses
a humanized FcyR2b locus polypeptide. In certain embodiments, the non-human animal
expresses a humanized FcyR3a polypeptide. In certain embodiments, the non-human animal
expresses a humanized FcyR3b polypeptide. In certain embodiments, the non-human
animal expresses a humanized FcyR2¢ polypeptide.

[0245] The genetically modified non-human animals and ES cells can be generated
using any appropriate method known in the art. For example, such genetically modified
non-human animal ES cells can be generated using VELOCIGENE® technology, which is
described in U.S. Patent Nos. 6,586,251, 6,596,541, 7,105,348, and Valenzuela ez al. (2003)
“High-throughput engineering of the mouse genome coupled with high-resolution
expression analysis” Nat. Biotech. 21(6). 652-659, each of which is hereby incorporated by
reference. Modifications can also be made using a genome targeted nuclease system, such
as a CRISPR/Cas system, a transcription activator-like effector nuclease (TALEN) system
or a zinc finger nuclease (ZFN) system. In some embodiments, modifications are made
using a CRISPR/Cas system, as described, for example, in U.S. Pat. App. Nos. 14/314,866,
14/515,503, 14/747,461 and 14/731,914, each of which is incorporated by reference.
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Exemplary methods of making such genetically modified non-human animals and ES cells
are also provided herein in Examples 1 and 3-5.

[0246] ES cells described herein can then be used to generate a non-human animal
using methods known in the art. For example, the mouse non-human animal ES cells
described herein can be used to generate genetically modified mice using the
VELOCIMOUSE® method, as described in U.S. Pat. No. 7,294,754 and Poueymirou et al.,
Nature Biotech 25:91-99 (2007), each of which is hereby incorporated by reference.

Resulting mice can be bread to homozygosity.

Methods of Testing Human Fec-containing Therapeutics

[0247] In certain aspects provided herein are methods of testing a therapeutic
protein comprising a human Fc domain (e.g., a human antibody or a Fc fusion protein)
comprising administering the therapeutic protein to a rodent provided herein (e.g., a mouse
or rat provided herein). In certain embodiments, provided herein are animal models for
performing such methods.

[0248] In some embodiments the administered human antibody or Fc fusion protein
has an isotype and/or allotype that matches the isotype and/or allotype of Fc domain
encoded by a human Cu in the genetically modified IgH locus of the rodent provided
herein. For example, in some embodiments the agent is a human IgG1 antibody and the
rodent comprises genetically modified IgH locus that comprises a Cu gene segment
encoding human IgG1 CHi, hinge, CH2 and CH3 domains. In some embodiments the agent
is a human IgG4 antibody and the rodent comprises genetically modified IgH locus that
comprises a Cu gene segment encoding human IgG4 CHa, hinge, CHz and CH3 domains. In
some embodiments the agent is a human IgG1 antibody and the rodent comprises
genetically modified IgH locus that comprises a Cu gene segment encoding human IgG1
CH., hinge, CHz, CHs, M1 and M2 domains. In some embodiments the agent is a human
IgG2 antibody and the rodent comprises genetically modified IgH locus that comprises a Cu
gene segment encoding human IgG2 CHa, hinge, CHz, CH3, M1 and M2 domains. In some
embodiments the agent is a human IgG3 antibody and the rodent comprises genetically
modified IgH locus that comprises a Cu gene segment encoding human IgG3 CHu, hinge,
CH:z, CH3, M1 and M2 domains. In some embodiments the agent is a human IgG4 antibody

and the rodent comprises genetically modified IgH locus that comprises a Cu gene segment
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encoding human IgG4 CHi, hinge, CH2, CH3, M1 and M2 domains. In some embodiments
the agent is a human IgM antibody and the rodent comprises genetically modified IgH locus
that comprises a Cu gene segment encoding human IgM CHi1, CHz, CHs and CH4 domains.
In some embodiments the agent is a human IgD antibody and the rodent comprises
genetically modified IgH locus that comprises a Cu gene segment encoding human IgD
CHi, H1, H2, CHz, CH3, M1 and M2 domains. In some embodiments the therapeutic agent
is a human antibody having an Igxk light chain and the rodent comprises a genetically
modified Igk locus provided herein. In some embodiments the therapeutic agent is a human
antibody having an Igh light chain and the rodent comprises a genetically modified Igh
locus provided herein.

[0249] In some embodiments the method comprises measuring one or more
pharmacokinetic properties of the administered therapeutic protein. In certain embodiments
the animal model used to determine the pharmacokinetic properties of the administered
human antibody or fusion protein is a genetically modified rodent provided herein
comprising a modified IgH locus provide herein. In certain embodiments the animal model
used to determine the pharmacokinetic properties of the administered human antibody or
fusion protein is a genetically modified rodent provided herein comprising a modified IgH
locus provide herein and a modified Igk locus and/or a modified Igh locus provided herein.
In some embodiments the administered human antibody or Fc fusion protein has an isotype
and/or allotype that matches the isotype and/or allotype of the constant domain encoded by
a humanized Cu in the genetically modified IgH locus. In some embodiments the rodent
further comprises a modified FcRn locus provided herein. In some embodiments, the rodent
further comprises a modified f2M provided herein.

[0250] In some embodiments the one or more pharmacokinetic parameters include,
but are not limited to, area under the plasma concentration versus time (AUC), in vivo
recovery (IVR), clearance rate (CL), mean residence time (MRT), agent half-life (t\2), and
volume of distribution at steady state (Vss). In general, the pharmacokinetic properties of
the administered therapeutic agent is determined by administering a selected dose of the
therapeutic agent (e.g., 0.1 mg/kg, 0.2 mg/kg, 0.3 mg/kg, 0.4 mg/kg, 0.5 mg/kg, 1 mg/kg, 2
mg/kg, 3 mg/kg, 4 mg/kg, 5 mg/mg, 7.5 mg/kg, 10 mg/kg, 15 mg/kg, 20 mg/kg, 25 mg/kg,
30 mg/kg, 40 mg/kg, or 50 mg/kg or more) and then determining how the plasma

concentration of the therapeutic agent changes over time (e.g., 0 hr, 6 hr, 1 day, 2 days, 3
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days, 4 days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, or up to 30 or more
days).

[0251] In some embodiments, the methods further comprise measuring the
therapeutic efficacy of the administered therapeutic protein (e.g., the ability of an
administered dose of the therapeutic protein to reduce or eliminate one or more disease
symptoms in the animal model). In some embodiments the animal model is a cancer model
and disease symptoms can include, for example, tumor size, tumor metastasis and/or animal
survival. In certain embodiments the animal model is an autoimmune or inflammation
model and the disease symptoms can include, for example, levels of cytokine expression,
proliferation of immune cells, tissue damage and/or animal survival. In some embodiments
the animal model is an infectious disease model and the disease symptoms can include, for
example, levels of the infectious agent, tissue damage and/or animal survival.

[0252] In some embodiments, the methods further comprise measuring the safety
and dosing of the administered therapeutic protein (e.g., the extent to which an administered
dose of the therapeutic protein produces one or more adverse effects in the animal model).
Adverse effects include, but are not limited to, allergic reactions, alopecia, anaphylaxis,
anemia, lack of appetite, loss of balance, bleeding, blood clots, difficulty breathing,
bronchitis, bruising, low white blood cell count, low red blood cell count, low platelet
count, cardiotoxicity, conjunctivitis, constipation, coughing, dehydration, diarrhea,
electrolyte imbalance, loss of fertility, fever, hair loss, heart failure, infection, injection site
reactions, iron deficiency, kidney failure, leukopenia, liver dysfunction, pneumonia, rapid
heartbeat, rectal bleeding, seizures, weight loss and weight gain. For example, in certain
embodiments provided herein is a method of measuring allergic reactions induced by a
therapeutic agent using passive cutaneous anaphylaxis (PCA) and/or passive systemic
anaphylaxis (PSA) models.

[0253] In certain embodiments, the method further comprises measuring the extent
to which the therapeutic protein induces one or more Fc receptor mediated responses in the
rodent (e.g., the extent to which the therapeutic protein induces antibody-dependent cell-
mediated cytotoxicity (ADCC)). For example, in certain embodiments provided herein is a
method of screening a therapeutic agent comprising a human Fc region of a human
antibody comprising: (a) administering an agent comprising an Fc region of a human
antibody to a rodent provided herein, wherein the agent binds to a target cell in the rodent;

(b) measuring antibody-dependent cell-mediated cytotoxicity (ADCC) of natural killer
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(NK) cells against the target cell; and (¢) comparing the amount of ADCC in step (b) to a
control, wherein increased target cell killing indicates the agent has increased ability to
mediate ADCC.

[0254] In some embodiments the method further comprises measuring the extent to
which administration of the therapeutic protein induces an anti-human Fc immune response
in the rodent.

[0255] In some embodiments the administered therapeutic agent elicits a reduced
immune response when administered to the rodent provided herein. In some embodiments
the administered human antibody or Fc fusion protein has an isotype and/or allotype that
matches the isotype and/or allotype of Fc domain encoded by a human Cu in the genetically
modified IgH locus of the rodent provided herein. For example, in some embodiments the
agent is a human IgG1 antibody and the rodent comprises genetically modified IgH locus
that comprises a Cu gene segment encoding human IgG1 CH,, hinge, CHz2 and CH3
domains. In some embodiments the agent is a human IgG4 antibody and the rodent
comprises genetically modified IgH locus that comprises a Cu gene segment encoding
human IgG4 CHa, hinge, CH2 and CH3 domains. In some embodiments the agent is a
human IgG1 antibody and the rodent comprises genetically modified IgH locus that
comprises a Cu gene segment encoding human IgG1 CHi, hinge, CHz, CH3, M1 and M2
domains. In some embodiments the agent is a human IgG2 antibody and the rodent
comprises genetically modified IgH locus that comprises a Cu gene segment encoding
human IgG2 CHi, hinge, CHz, CH3, M1 and M2 domains. In some embodiments the agent
is a human IgG3 antibody and the rodent comprises genetically modified IgH locus that
comprises a Cu gene segment encoding human IgG3 CHi, hinge, CHz, CHs, M1 and M2
domains. In some embodiments the agent is a human IgG4 antibody and the rodent
comprises genetically modified IgH locus that comprises a Cu gene segment encoding
human IgG4 CHu, hinge, CHz, CH3, M1 and M2 domains. In some embodiments the agent
is a human IgM antibody and the rodent comprises genetically modified IgH locus that
comprises a Cu gene segment encoding human IgM CHi, CHz, CHs and CHas domains. In
some embodiments the agent is a human IgD antibody and the rodent comprises genetically
modified IgH locus that comprises a Cu gene segment encoding human IgD CHi, H1, H2,
CHa, CH3, M1 and M2 domains. In some embodiments the therapeutic agent is a human
antibody having an Igk light chain and the rodent comprises a genetically modified Igk

locus provided herein. In some embodiments the therapeutic agent is a human antibody
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having an Igh light chain and the rodent comprises a genetically modified Igk locus
provided herein.

[0256] In certain embodiments, the methods provided herein include the testing of
therapeutic antibodies comprising a human Fc. In some embodiments, the antibodies tested
comprise human heavy chain variable domains. In some embodiments, the antibodies
comprise human heavy chain constant domains. In some embodiments, the antibodies
provided herein comprise a IgG1, IgG2, IgG3, IgG4, IgA, IgE, IgM or IgD constant
domain. The sequences of human heavy chain constant domains are known in the art (see
e.g., Kabat, E. A, et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242 and
the IMGT database available at www.imgt.org).

[0257] In some embodiments, the antibodies tested comprise a modified Fc domain
(e.g.,. a mutation that alters the interaction between the Fc and a Fc receptor). For example,
in some embodiments, the antibodies provided herein comprise modification to their Fc
domain at position 235, 236, 237, 239, 265, 267, 268, 269, 270, 298, 326, 327, 330, 332,
350, 351, 366, 392, 394, 405 and/or 407 (using the EU numbering system). In some
embodiments, the modification is selected from the group consisting of L235A, G236E,
G237F, S239E, $239D, D265E, D265S, S267E, $267D, $267G, H268E, H268D, E269L,
D270N, D270E, S298A, K326A, K326D, A327H, A327V, A327L, A3301, A3308S, I332E,
T350V, L351Y, T366L, K392M, K392L, T394W, F405A and/or Y407V (using the EU
numbering system). In some embodiments, the antibodies comprise multiple modifications
to their Fc domain. In some embodiments, the multiple modifications are selected from the
group consisting of D270N/K326D, S239E/S298A/K326A/A327H,
L235A/S239E/D265E/A327H, G236E/G237F/S239E, G237F/S239E/D265E,
G327F/S239E/H268D, G236E/D270N/A327V/1332E, G237F/S239E/A327H,
G237F/A327L/A3301, S239D/D265S/S298 A/1332E, S239E/D265S/H268D/1332E,
S239E/D265S/1332E, S239E/S267E/H268D, S239E/A3271/A3301, D265E/S267D/A330S,
S267G/H268E/D270E, H268D/E269L/S298 A/K326A/A327H, H268D//K326A/A327H.
Additional Fc modifications and combinations of Fc modifications are provided in U.S.
Patent Nos. 5,624,821, 5,648,260, 6,528,624, 6,737,056, 7,122,637, 7,183,387, 7,297,775,
7,317,091, 7,332,581, 7,632,497, 7,662,925, 7,695,936, 8,093,359, 8,216,805, 8,218,805,
8,388,955 and 8,937,158, and U.S. Patent Publication Nos. 2005/0054832, 2006/0222653,
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2006/0275282, 2006/0275283, 2007/0190063, 2008/0154025, 2009/0042291
2013/0108623 and 2013/0089541, each of which is hereby incorporated by reference.
[0258] In some embodiments, the antibody tested is a bi-specific antibody. In some
embodiments, the two antigen binding domains of the bi-specific antibody have distinct
heavy chain variable domains but have identical light chain variable domains. In some
embodiments, the Fc domains of the heavy chains comprise modifications to facilitate
heavy chain heterodimer formation and/or to inhibit heavy chain homodimer formation.
Such modifications are provided, for example, in U.S. Pat. Nos. 5,731,168, 5,807,706,
5,821,333, 7,642,228 and 8,679,785 and in U.S. Pat. Pub. No. 2013/0195849, each of which
is hereby incorporated by reference.

[0259] In some embodiments, the antibodies tested in the methods provided herein
have human light chain variable domains. In some embodiments, the light chain variable
domains are A light chain variable domains. In some embodiments, the light chain variable
domains are « light chain variable domains. In some embodiments, the antibodies have
human light chain constant domains. In some embodiments, the light chain constant
domains are A light chain constant domains. In some embodiments, the light chain constant
domains are « light chain constant domains. The sequences of human light chain constant
domains are known in the art (see e.g., Kabat, E. A., et al. (1991) Sequences of Proteins of
Immunological Interest, Fifth Edition, U.S. Department of Health and Human Services,
NIH Publication No. 91-3242 and the IMGT database available at www.imgt.org)

[0260] In certain embodiments, the therapeutic agent is administered to a rodent
provided herein as part of a pharmaceutical composition e.g., a pharmaceutical
composition, containing a human antibody or Fc fusion protein formulated together with a
pharmaceutically acceptable carrier.

[0261] The pharmaceutical compositions provided herein may be specially
formulated for administration in solid or liquid form, including those adapted for the
following: (1) oral administration, for example, drenches (aqueous or non-aqueous
solutions or suspensions), tablets, e.g., those targeted for buccal, sublingual, and systemic
absorption, boluses, powders, granules, pastes for application to the tongue; or (2)
parenteral administration, for example, by subcutaneous, intramuscular, intravenous or
epidural injection as, for example, a sterile solution or suspension, or sustained-release

formulation.
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[0262] Pharmaceutical compositions suitable for parenteral administration comprise
a human antibody or Fc fusion protein in combination with one or more pharmaceutically-
acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions, suspensions or
emulsions, or sterile powders which may be reconstituted into sterile injectable solutions or
dispersions just prior to use, which may contain sugars, alcohols, antioxidants, buffers,
bacteriostats, solutes which render the formulation isotonic with the blood of the intended
recipient or suspending or thickening agents.

[0263] Examples of suitable aqueous and nonaqueous carriers which may be
employed in the pharmaceutical compositions provided herein include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating materials,
such as lecithin, by the maintenance of the required particle size in the case of dispersions,
and by the use of surfactants.

[0264] In certain embodiments, the compositions comprise a human antibody or Fc
fusion protein in a concentration resulting in a w/v appropriate for a desired dose. The
antibody may be present in the composition at a concentration of at least 1 mg/mL, at least
5 mg/mL, at least 10 mg/mL, at least 15 mg/mL, at least 20 mg/mL, at least 25 mg/mL, at
least 30 mg/mL, at least 35 mg/mL, at least 40 mg/mL, at least 45 mg/mL, at least 50
mg/mL, at least 55 mg/mL, at least 60 mg/mL, at least 65 mg/mL, at least 70 mg/mL, at
least 75 mg/mL, at least 80 mg/mL, at least 85 mg/mL, at least 90 mg/mL, at least 95
mg/mL, at least 100 mg/mL, at least 105 mg/mL, at least 110 mg/mL, at least 115 mg/mL,
at least 120 mg/mlL, at least 125 mg/mL, at least 130 mg/mL, at least 135 mg/mL, at least
140 mg/mL, at least 150 mg/mL, at least 200 mg/mL, at least 250 mg/mL, or at least 300
mg/mL.

[0265] In some embodiments, compositions are prepared by mixing a human
antibody or Fc fusion protein with optional physiologically acceptable carriers, excipients
or stabilizers, including, but not limited to buffering agents, saccharides, salts, surfactants,
solubilizers, polyols, diluents, binders, stabilizers, salts, lipophilic solvents, amino acids,
chelators, preservatives, or the like (Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 12th edition, L. Brunton, et al. and Remington's Pharmaceutical Sciences,
16th edition, Osol, A. Ed. (1999)), in the form of lyophilized compositions or aqueous

solutions at a desired final concentration. Acceptable carriers, excipients, or stabilizers are
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nontoxic to recipients at the dosages and concentrations employed, and include buffers such
as histidine, phosphate, citrate, glycine, acetate and other organic acids; antioxidants
including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium
chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben;
catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular weight (less
than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or
immunoglobulins; hydrophilic polymers such as polyvinylpyrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including trehalose, glucose, mannose, or dextrins;
chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-
forming counter-ions such as sodium; metal complexes (e.g., Zn-protein complexes); and/or
non-ionic surfactants such as TWEEN, polysorbate 80, PLURONICS® or polyethylene
glycol (PEG).

[0266] In some embodiments, the buffering agent is histidine, citrate, phosphate,
glycine, or acetate. The saccharide excipient may be trehalose, sucrose, mannitol, maltose
or raffinose. The surfactant may be polysorbate 20, polysorbate 40, polysorbate 80, or
Pluronic F68. The salt may be NaCl, KCl, MgCl12, or CaCl2.

[0267] In some embodiments, the composition comprises a buffering or pH
adjusting agent to provide improved pH control. Such a composition may have a pH of
between about 3.0 and about 9.0, between about 4.0 and about 8.0, between about 5.0 and
about 8.0, between about 5.0 and about 7.0, between about 5.0 and about 6.5, between
about 5.5 and about 8.0, between about 5.5 and about 7.0, or between about 5.5 and about
6.5. In a further embodiment, such a composition has a pH of about 3.0, about 3.5, about
4.0, about 4.5, about 5.0, about 5.1, about 5.2, about 5.3, about 5.4, about 5.5, about 5.6,
about 5.7, about 5.8, about 5.9, about 6.0, about 6.1, about 6.2, about 6.3, about 6.4, about
6.5, about 6.6, about 6.7, about 6.8, about 6.9, about 7.0, about 7.5, about 8.0, about 8.5, or
about 9.0. In a specific embodiment, a composition has a pH of about 6.0. One of skill in
the art understands that the pH of a composition generally should not be equal to the
isoelectric point of a human antibody or Fc fusion protein to be used in the composition.
Typically, the buffering agent is a salt prepared from an organic or inorganic acid or base.
Representative buffering agents include, but are not limited to, organic acid salts such as

salts of citric acid, ascorbic acid, gluconic acid, carbonic acid, tartaric acid, succinic acid,
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acetic acid, or phthalic acid; Tris, tromethamine hydrochloride, or phosphate buffers. In
addition, amino acid components can also function in a buffering capacity. Representative
amino acid components which may be utilized in the composition as buffering agents
include, but are not limited to, glycine and histidine. In certain embodiments, the buffering
agent is chosen from histidine, citrate, phosphate, glycine, and acetate. In a specific
embodiment, the buffering agent is histidine. In another specific embodiment, the buffering
agent is citrate. In yet another specific embodiment, the buffering agent is glycine. The
purity of the buffering agent should be at least 98%, or at least 99%, or at least 99.5%. As
used herein, the term “purity” in the context of histidine and glycine refers to chemical
purity of histidine or glycine as understood in the art, e.g., as described in The Merck Index,
13th ed., O'Neil et al. ed. (Merck & Co., 2001).

[0268] In certain embodiments, the composition comprises histidine as a buffering
agent. In certain embodiments the histidine is present in the composition at a concentration
of at least about 1 mM, at least about 5 mM, at least about 10 mM, at least about 20 mM, at
least about 30 mM, at least about 40 mM, at least about 50 mM, at least about 75 mM, at
least about 100 mM, at least about 150 mM, or at least about 200 mM histidine. In another
embodiment, a composition comprises between about 1 mM and about 200 mM, between
about 1 mM and about 150 mM, between about 1 mM and about 100 mM, between about 1
mM and about 75 mM, between about 10 mM and about 200 mM, between about 10 mM
and about 150 mM, between about 10 mM and about 100 mM, between about 10 mM and
about 75 mM, between about 10 mM and about 50 mM, between about 10 mM and about
40 mM, between about 10 mM and about 30 mM, between about 20 mM and about 75 mM,
between about 20 mM and about 50 mM, between about 20 mM and about 40 mM, or
between about 20 mM and about 30 mM histidine. In a further embodiment, the
composition comprises about 1 mM, about 5 mM, about 10 mM, about 20 mM, about 25
mM, about 30 mM, about 35 mM, about 40 mM, about 45 mM, about 50 mM, about 60
mM, about 70 mM, about 80 mM, about 90 mM, about 100 mM, about 150 mM, or about
200 mM histidine. In a specific embodiment, a composition may comprise about 10 mM,
about 25 mM, or no histidine.

[0269] In some embodiments, the composition comprises a carbohydrate excipient.
Carbohydrate excipients can act, e.g., as viscosity enhancing agents, stabilizers, bulking
agents, solubilizing agents, and/or the like. Carbohydrate excipients are generally present at

between about 1% to about 99% by weight or volume, e.g., between about 0.1% to about
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20%, between about 0.1% to about 15%, between about 0.1% to about 5%, between about
1% to about 20%, between about 5% to about 15%, between about 8% to about 10%,
between about 10% and about 15%, between about 15% and about 20%, between 0.1% to
20%, between 5% to 15%, between 8% to 10%, between 10% and 15%, between 15% and
20%, between about 0.1% to about 5%, between about 5% to about 10%, or between about
15% to about 20%. In still other specific embodiments, the carbohydrate excipient is
present at 1%, or at 1.5%, or at 2%, or at 2.5%, or at 3%, or at 4%, or at 5%, or at 10%, or
at 15%, or at 20%.

[0270] In some embodiments, the composition comprises a carbohydrate excipient.
Carbohydrate excipients suitable for use in the compositions include, but are not limited to,
monosaccharides such as fructose, maltose, galactose, glucose, D-mannose, sorbose, and
the like; disaccharides, such as lactose, sucrose, trehalose, cellobiose, and the like;
polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches, and the
like; and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol sorbitol (glucitol) and
the like. In certain embodiments, the carbohydrate excipients for use in the compositions
provided herein are chosen from sucrose, trehalose, lactose, mannitol, and raffinose. In a
specific embodiment, the carbohydrate excipient is trehalose. In another specific
embodiment, the carbohydrate excipient is mannitol. In yet another specific embodiment,
the carbohydrate excipient is sucrose. In still another specific embodiment, the
carbohydrate excipient is raffinose. The purity of the carbohydrate excipient should be at
least 98%, or at least 99%, or at least 99.5%.

[0271] In some embodiments, the composition comprises trehalose. In certain
embodiments, a composition comprises at least about 1%, at least about 2%, at least about
4%, at least about 8%, at least about 20%, at least about 30%, or at least about 40%
trehalose. In another embodiment, a composition comprises between about 1% and about
40%, between about 1% and about 30%, between about 1% and about 20%, between about
2% and about 40%, between about 2% and about 30%, between about 2% and about 20%,
between about 4% and about 40%, between about 4% and about 30%, or between about 4%
and about 20% trehalose. In a further embodiment, a composition comprises about 1%,
about 2%, about 4%, about 6%, about 8%, about 15%, about 20%, about 30%, or about
40% trehalose. In a specific embodiment, a composition comprises about 4%, about 6% or

about 15% trehalose.
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[0272] In certain embodiments, the composition comprises an excipient. In a
specific embodiment, a composition comprises at least one excipient chosen from: sugar,
salt, surfactant, amino acid, polyol, chelating agent, emulsifier and preservative. In certain
embodiments, a composition comprises a salt, e.g., a salt selected from: NaCl, KCl, CaCl2,
and MgCI2. In a specific embodiment, the composition comprises NaCl.

[0273] In some embodiments, the composition comprises an amino acid, e.g.,
lysine, arginine, glycine, histidine or an amino acid salt. The composition may comprise at
least about 1 mM, at least about 10 mM, at least about 25 mM, at least about 50 mM, at
least about 100 mM, at least about 150 mM, at least about 200 mM, at least about 250 mM,
at least about 300 mM, at least about 350 mM, or at least about 400 mM of an amino acid.
In another embodiment, the composition may comprise between about 1 mM and about 100
mM, between about 10 mM and about 150 mM, between about 25 mM and about 250 mM,
between about 25 mM and about 300 mM, between about 25 mM and about 350 mM,
between about 25 mM and about 400 mM, between about 50 mM and about 250 mM,
between about 50 mM and about 300 mM, between about 50 mM and about 350 mM,
between about 50 mM and about 400 mM, between about 100 mM and about 250 mM,
between about 100 mM and about 300 mM, between about 100 mM and about 400 mM,
between about 150 mM and about 250 mM, between about 150 mM and about 300 mM, or
between about 150 mM and about 400 mM of an amino acid. In a further embodiment, a
composition comprises about 1 mM, 1.6 mM, 25 mM, about 50 mM, about 100 mM, about
150 mM, about 200 mM, about 250 mM, about 300 mM, about 350 mM, or about 400 mM
of an amino acid.

[0274] In some embodiments, the composition comprises a surfactant. The term
“surfactant” as used herein refers to organic substances having amphipathic structures;
namely, they are composed of groups of opposing solubility tendencies, typically an oil-
soluble hydrocarbon chain and a water-soluble ionic group. Surfactants can be classified,
depending on the charge of the surface-active moiety, into anionic, cationic, and nonionic
surfactants. Surfactants are often used as wetting, emulsifying, solubilizing, and dispersing
agents for various pharmaceutical compositions and preparations of biological materials.
Pharmaceutically acceptable surfactants like polysorbates (e.g., polysorbates 20 or 80);
polyoxamers (e.g., poloxamer 188); Triton; sodium octyl glycoside; lauryl-, myristyl-,
linoleyl-, or stearyl-sulfobetaine; lauryl-, myristyl-, linoleyl- or stearyl-sarcosine; linoleyl-,

myristyl-, or cetyl-betaine; lauroamidopropyl-, cocamidopropyl-, linoleamidopropyl-,
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myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-betaine (e.g.,
lauroamidopropyl); myristamidopropyl-, palmidopropyl-, or isostearamidopropyl-
dimethylamine; sodium methyl cocoyl-, or disodium methyl oleyl-taurate; and the
MONAQUA® series (Mona Industries, Inc., Paterson, N.J.), polyethyl glycol, polypropyl
glycol, and copolymers of ethylene and propylene glycol (e.g., PLURONICS® PF68, etc.),
can optionally be added to the compositions to reduce aggregation. In certain embodiments,
a composition comprises Polysorbate 20, Polysorbate 40, Polysorbate 60, or Polysorbate
80. Surfactants are particularly useful if a pump or plastic container is used to administer
the composition. The presence of a pharmaceutically acceptable surfactant mitigates the
propensity for the protein to aggregate. The compositions may comprise a polysorbate
which is at a concentration ranging from between about 0.001% to about 1%, or about
0.001% to about 0.1%, or about 0.01% to about 0.1%. In other specific embodiments, the
compositions comprise a polysorbate which is at a concentration of 0.001%, or 0.002%, or
0.003%, or 0.004%, or 0.005%, or 0.006%, or 0.007%, or 0.008%, or 0.009%, or 0.01%, or
0.015%, or 0.02%.

[0275] In some embodiments, the composition comprises other excipients and/or
additives including, but not limited to, diluents, binders, stabilizers, lipophilic solvents,
preservatives, adjuvants, or the like. Pharmaceutically acceptable excipients and/or
additives may be used in the compositions provided herein. Commonly used
excipients/additives, such as pharmaceutically acceptable chelators (for example, but not
limited to, EDTA, DTPA or EGTA) can optionally be added to the compositions to reduce
aggregation. These additives are particularly useful if a pump or plastic container is used to
administer the composition.

[0276] In some embodiments, the composition comprises a preservative.
Preservatives, such as phenol, m-cresol, p-cresol, o-cresol, chlorocresol, benzyl alcohol,
phenylmercuric nitrite, phenoxyethanol, formaldehyde, chlorobutanol, magnesium chloride
(for example, but not limited to, hexahydrate), alkylparaben (methyl, ethyl, propyl, butyl
and the like), benzalkonium chloride, benzethonium chloride, sodium dehydroacetate and
thimerosal, or mixtures thereof can optionally be added to the compositions at any suitable
concentration such as between about 0.001% to about 5%, or any range or value therein.
The concentration of preservative used in the compositions is a concentration sufficient to
yield a microbial effect. Such concentrations are dependent on the preservative selected and

are readily determined by the skilled artisan.
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[0277] In some embodiments, the composition is isotonic with human blood,
wherein the compositions have essentially the same osmotic pressure as human blood. Such
isotonic compositions will generally have an osmotic pressure from about 250 mOSm to
about 350 mOSm. Isotonicity can be measured by, for example, using a vapor pressure or
ice-freezing type osmometer. Tonicity of a composition is adjusted by the use of tonicity
modifiers. “Tonicity modifiers” are those pharmaceutically acceptable inert substances that
can be added to the composition to provide an isotonity of the composition. Tonicity
modifiers suitable for the compositions provided herein include, but are not limited to,
saccharides, salts and amino acids.

[0278] In certain embodiments, the composition is a pyrogen-free composition
which is substantially free of endotoxins and/or related pyrogenic substances. Endotoxins
include toxins that are confined inside a microorganism and are released only when the
microorganisms are broken down or die. Pyrogenic substances also include fever-inducing,
thermostable substances from the outer membrane of bacteria and other microorganisms.
Both of these substances can cause fever, hypotension and shock if administered to humans.
Due to the potential harmful effects, even low amounts of endotoxins must be removed
from intravenously administered pharmaceutical drug solutions. The Food & Drug
Administration (“FDA”) has set an upper limit of 5 endotoxin units (EU) per dose per
kilogram body weight in a single one hour period for intravenous drug applications (The
United States Pharmacopeial Convention, Pharmacopeial Forum 26 (1):223 (2000)). When
therapeutic proteins are administered in amounts of several hundred or thousand milligrams
per kilogram body weight, as can be the case with proteins of interest (e.g., antibodies),
even trace amounts of harmful and dangerous endotoxin must be removed. In some
embodiments, the endotoxin and pyrogen levels in the composition are less than 10 EU/mg,
or less than 5 EU/mg, or less than 1 EU/mg, or less than 0.1 EU/mg, or less than 0.01
EU/mg, or less than 0.001 EU/mg.

[0279] When used for in vivo administration, the composition described herein
should be sterile. The composition may be sterilized by various sterilization methods,
including sterile filtration, radiation, etc. In certain embodiments, composition is filter-
sterilized with a presterilized 0.22-micron filter. Sterile compositions for injection can be
formulated according to conventional pharmaceutical practice as described in “Remington:
The Science & Practice of Pharmacy”, 21st ed., Lippincott Williams & Wilkins, (2005).

Compositions comprising proteins of interest (e.g., antibodies) such as those disclosed
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herein, ordinarily will be stored in lyophilized form or in solution. It is contemplated that
sterile compositions comprising proteins of interest (e.g., antibody) are placed into a
container having a sterile access port, for example, an intravenous solution bag or vial
having an adapter that allows retrieval of the composition, such as a stopper pierceable by a
hypodermic injection needle. In certain embodiments, a composition is provided as a pre-
filled syringe.

[0280] In certain embodiments, the composition is a lyophilized formulation. The
term “lyophilized” or “freeze-dried” includes a state of a substance that has been subjected
to a drying procedure such as lyophilization, where at least 50% of moisture has been
removed.

[0281] Regardless of the route of administration selected, agents provided herein,
which may be used in a suitable hydrated form, and/or the pharmaceutical compositions of
the provided herein, are formulated into pharmaceutically-acceptable dosage forms by
conventional methods known to those of skill in the art.

[0282] In the methods provided herein the human antibody, Fc fusion protein and/or
pharmaceutical compositions may be delivered by any suitable route of administration,
including orally, nasally, as by, for example, a spray, rectally, intravaginally, parenterally,
intracisternally and topically, as by powders, ointments or drops, including buccally and
sublingually. In certain embodiments the pharmaceutical compositions are delivered
generally ( e.g., via oral or parenteral administration).

[0283] In certain embodiments, actual dosage levels of the active ingredients in the
pharmaceutical compositions described herein may be varied so as to determine an amount
of the active ingredient which is effective to achieve the desired therapeutic response in the
animal model, composition, and mode of administration, without being toxic in the animal
model.

[0284] For example, in certain embodiments, non-human animals described herein
are used to determine the pharmacokinetic profiles of one or more human antibody
candidates. In various embodiments, one or more non-human animals as described herein
and one or more control or reference non-human animals are each exposed to one or more
human antibody candidates at various doses (e.g., 0.1 mg/kg, 0.2 mg/kg, 0.3 mg/kg, 0.4
mg/kg, 0.5 mg/kg, 1 mg/kg, 2 mg/kg, 3 mg/kg, 4 mg/kg, S mg/mg, 7.5 mg/kg, 10 mg/kg, 15
mg/kg, 20 mg/kg, 25 mg/kg, 30 mg/kg, 40 mg/kg, or 50 mg/kg or more). Candidate

therapeutic antibodies may be dosed via any desired route of administration including
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parenteral and non-parenteral routes of administration. Parenteral routes include, e.g.,
intravenous, intraarterial, intraportal, intramuscular, subcutaneous, intraperitoneal,
intraspinal, intrathecal, intracerebroventricular, intracranial, intrapleural or other routes of
injection. Non-parenteral routes include, e.g., oral, nasal, transdermal, pulmonary, rectal,
buccal, vaginal, ocular. Administration may also be by continuous infusion, local
administration, sustained release from implants (gels, membranes or the like), and/or
intravenous injection. Blood is isolated from non-human animals (humanized and control)
at various time points (e.g., O hr, 6 hr, 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days,
8 days, 9 days, 10 days, 11 days, or up to 30 or more days). Various assays may be
performed to determine the pharmacokinetic profiles of administered candidate therapeutic
antibodies using samples obtained from non-human animals as described herein including,
but not limited to, total IgG, anti-therapeutic antibody response, agglutination, etc.

[0285] In various embodiments, non-human animals as described herein are used to
measure the therapeutic effect of blocking or modulating the activity of a polypeptide of
interest and the effect on gene expression as a result of cellular changes or, in the context of
a receptor polypeptide, the density of a receptor polypeptide on the surface of cells in the
non-human animals. In various embodiments, a non-human animal as described herein or
cells isolated therefrom are exposed to a candidate therapeutic that binds a polypeptide of
interest and, after a subsequent period of time, analyzed for effects on specific cellular
processes that are associated with said polypeptide of interest, for example, ligand-receptor
interactions or signal transduction.

[0286] Non-human animals as described herein provide an improved in vivo system
for development and selection of human antibodies for use in oncology and/or infectious
diseases. In various embodiments, non-human animals as described herein and control non-
human animals (e.g., having a genetic modification that is different than as described herein
or no genetic modification, 7.e., wild-type) may be implanted with a tumor (or tumor cells)
or infected with a virus (e.g., influenza, HIV, HCV, HPV, etc.). Following implantation of
infection, non-human animals may be administered a candidate therapeutic. The tumor or
virus may be allowed sufficient time to be established in one or more locations within the
non-human animals prior to administration of a candidate therapeutic. Alternatively and/or
additionally, the immune response may be monitored in such non-human animals so as to

characterize and select potential human antibodies that may be developed as a therapeutic.
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Methods of Making Human Antibodies

[0287] In certain aspects, provided herein are method of making a human antibody
using a rodent (e.g., a mouse or a rat) that comprises a humanized heavy chain locus
provided herein and a human light chain locus provided herein (e.g. a humanized k and/or A
light chain locus provided herein). In some embodiments, the rodent further comprises a
humanized CD79a locus provided herein and/or a humanized CD79b locus provided herein.
In some embodiments, the rodent further comprises a humanized FcRn locus provided
herein and/or a humanized B2M locus provided herein. In certain embodiments, the rodent
further comprises a humanized FcyR 1a locus provided herein. In some embodiments, the
rodent further comprises a humanized FceR1a locus provided herein. In some
embodiments, the rodent further comprises a humanized FcyR2b locus provided herein, a
humanized FcyR2c locus provided herein, a humanized FcyR3a locus provided herein,
and/or a humanized FcyR3b locus provided herein.

[0288] Rodents provided herein may be employed for making an antibody (e.g., a
human antibody) using standard methods known in the art. For example, in some
embodiments a rodent provided herein is immunized with an antigen of interest under
conditions and for a time sufficient that the rodent develops an immune response to said
antigen of interest. In some embodiments, the antigen of interest is a human antibody (e.g.,
a human therapeutic antibody) or Fc-fusion protein (e.g., a therapeutic Fc-fusion protein).
Antibodies are isolated from the rodent (or one or more cells, for example, one or more B
cells) and characterized using various assays measuring, for example, affinity, specificity,
epitope mapping, ability for blocking ligand-receptor interaction, inhibition receptor
activation, etc.

[0289] In some embodiments, a method of producing an antibody in rodent (e.g., a
mouse or a rat) is provided, the method comprising the steps of (a) immunizing a rodent
that produced human antibodies as described herein with an antigen of interest, (b)
maintaining the rodent under conditions sufficient that the rodent produces an immune
response to the antigen of interest, and (c) recovering an antibody from the rodent, or a
rodent cell, that binds the antigen of interest. In some embodiments the method further
comprises breaking immunological tolerance to the antigen in the rodent or otherwise
deleting the antigen of interest, for example, employing CRISPR/Cas9 systems using
multiple guide RNAs to reduce or eliminate the expression of a self-antigen homologous to

or sharing an epitope of interest with the antigen of interest with which the rodent is
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immunized (e.g., as described in U.S. Pat. Pub. No. 2017/0332610, which is hereby
incorporated by reference).

[0290] In some embodiments, a method of producing a nucleic acid encoding a
human heavy and/or light chain in a rodent is provided, the method comprising the steps of
(a) immunizing a rodent expressing human antibodies as described herein with an antigen
of interest, (b) maintaining the rodent under conditions sufficient that the rodent produces
an immune response to the antigen of interest, and (c) recovering a nucleic acid encoding a
human heavy and/or light chain from the rodent, or a rodent cell.

[0291] In some embodiments, rodents provided herein may be employed for making
anti-drug antibodies (e.g., anti-idiotype antibodies). For example, in some embodiments a
rodent provided herein is immunized with a human therapeutic antibody under conditions
and for a time sufficient that the rodent develops an immune response to said human
therapeutic antibody. In some embodiments, the human therapeutic antibody has the same
heavy chain constant domains as the heavy chain constant domains encoded by the
humanized immunoglobulin heavy chain locus of the rodent provided herein. In some
embodiments, the human therapeutic antibody has the same light chain constant domain as
the light chain constant domain encoded by the humanized immunoglobulin light chain
locus (e.g. the humanized k and/or A light chain locus) of the rodent provided herein. In
some embodiments the rodent does not comprise in its genome one or more of the human
variable region gene segments from which the therapeutic antibody is derived (e.g., one or
more immunoglobulin loci in the rodent comprises rodent variable regions or portions
thereof). Anti-drug antibodies (e.g., anti-idiotype antibodies) are isolated from the rodent
(or one or more cells, for example, one or more B cells) and characterized using various
assays measuring, for example, affinity, specificity, epitope mapping, ability for blocking
antigen-therapeutic antibody interaction, etc. The generated anti-drug antibodies (e.g., anti-
idiotype antibodies) may be used for pharmacokinetic (PK) analysis of the human
therapeutic antibody, or used to analyze the immunogenicity of the human therapeutic
antibody during preclinical analysis, or used to localize human therapeutic antibody.

[0292] In some embodiments, a method of producing an anti-drug antibody (e.g., an
anti-idiotype antibody) in rodent (e.g., a mouse or a rat) is provided, the method comprising
the steps of (a) immunizing a rodent that produces antibodies comprising human constant
region(s) as described herein with a human therapeutic antibody that is isotype-matched to

the human constant region present in the rodent, (b) maintaining the rodent under
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conditions sufficient that the rodent produces an immune response to the human therapeutic
antibody, and (c) recovering an antibody from the rodent, or a rodent cell, that binds the

human therapeutic antibody.

Methods of Making Genetically modified Non-Human Animals and ES cells

[0293] In certain aspects, provided herein are methods of making non-human
animals (e.g., a mouse or a rat) and ES cells that comprise one or more of the genetically
modified loci provided here. For example, in some embodiments provided herein are
methods of making non-human animals (e.g., a mouse or a rat) and ES cells that comprise a
humanized heavy chain locus provided herein and/or a human light chain locus provided
herein (e.g. a humanized « and/or A light chain locus provided herein). In some
embodiments, provided herein are methods of making non-human animals (e.g., a mouse or
a rat) and ES cells that further comprises a humanized CD79a locus provided herein and/or
a humanized CD79b locus provided herein. In some embodiments, provided herein are
methods of making non-human animals (e.g., a mouse or a rat) and ES cells that further
comprises a humanized FcRn locus provided herein and/or a humanized f2M locus
provided herein. In some embodiments, provided herein are methods of making non-human
animals (e.g., a mouse or a rat) and ES cells that further comprises a humanized FceR1a
locus provided herein. In certain embodiments, provided herein are methods of making
non-human animals (e.g., a mouse or a rat) and ES cells that further comprises a humanized
FcyR1a locus provided herein. In some embodiments, provided herein are methods of
making non-human animals (e.g., a mouse or a rat) and ES cells that further comprises a
humanized FceR1a locus provided herein. In some embodiments, provided herein are
methods of making non-human animals (e.g., a mouse or a rat) and ES cells that further
comprises a humanized FcyR2a locus provided herein, a humanized FcyR2b locus provided
herein, a humanized FcyR2c locus provided herein, a humanized FcyR3a locus provided
herein, and/or a humanized FcyR3b locus provided herein. In certain embodiments,
provided herein are methods of making non-human animals (e.g., a mouse or a rat) and ES
cells that comprises a humanized FcRn locus provided herein and/or a humanized f2M
locus provided herein. In certain embodiments, provided herein are methods of making
non-human animals (e.g., a mouse or a rat) and ES cells that comprises a humanized

FceR1a locus provided herein. The exemplary methods of making genetically modified
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non-human animals and ES cells provided herein are described in the description,

examples, and/or figures herein.

Kits

[0294] Provided herein a pack or kit comprising one or more containers filled with
at least one non-human animal, non-human cell, DNA fragment and/or targeting vector as
described in the description, examples, and/or figures herein. Kits may be used in any
applicable method (e.g., a research method). Optionally associated with such container(s)
can be a notice in the form prescribed by a governmental agency regulating the
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects (a)
approval by the agency of manufacture, use or sale for human administration, (b) directions
for use, (c) a contract that governs the transfer of materials and/or biological products (e.g.,
a non-human animal or non-human cell as described herein) between two or more entities

and combinations thereof.

Additional Exemplary Embodiments

[0295] In exemplary embodiment 1, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a Vu gene segment, a Du gene
segment and a Ju gene segment; and (ii) an immunoglobulin heavy chain constant region
comprising a Cu gene segment encoding an IgG constant domain comprising a human Cul
domain, a human hinge region, a human Ca2 domain, a human Cu3 domain, an IgG
transmembrane domain and an IgG cytoplasmic domain, wherein the immunoglobulin
heavy chain variable region is operably linked to the immunoglobulin heavy chain constant
region such that the rodent produces IgG antibodies comprising variable domains derived
from the Vu gene segment, the Dy gene segment and the Ju gene segment and heavy chain
constant domains derived from the Cu gene segment.

[0296] In exemplary embodiment 2, provided herein is the rodent of embodiment 1,
wherein the IgG transmembrane domain is a rodent IgG transmembrane domain.

[0297] In exemplary embodiment 3, provided herein is the rodent of embodiment 1,

wherein the IgG transmembrane domain is a human IgG transmembrane domain.
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[0298] In exemplary embodiment 4, provided herein is the rodent of any one of
embodiments 1 to 3, wherein the IgG cytoplasmic domain is a rodent IgG cytoplasmic
domain.

[0299] In exemplary embodiment 5, provided herein is the rodent of any one of
embodiments 1 to 3, wherein the IgG cytoplasmic domain is a human IgG cytoplasmic
domain.

[0300] In exemplary embodiment 6, provided herein is the rodent of any one of
embodiments 1 to 5, wherein the human Cul domain, the human hinge region, the human
Cu2 domain and the human Cu3 domain are IgG1 domains.

[0301] In exemplary embodiment 7, provided herein is the rodent of embodiment 6,
wherein the IgG1 domain is encoded by an allele selected from IGHG1*01, IGHG1*02,
IGHG1*03, IGHG1*04 and IGHG1*05.

[0302] In exemplary embodiment 8, provided herein is the rodent of any one of
embodiments 1 to 5, wherein the human Cul domain, the human hinge region, the human
Cu2 domain and the human Cu3 domain are IgG2 domains.

[0303] In exemplary embodiment 9, provided herein is the rodent of embodiment 8,
wherein the IgG2 domain is encoded by an allele selected from IGHG2*01, IGHG2*02,
IGHG2*03, IGHG2*04, IGHG2*05 and IGHG2*06.

[0304] In exemplary embodiment 10, provided herein is the rodent of any one of
embodiments 1 to 5, wherein the human Cul domain, the human hinge region, the human
Cu2 domain and the human Cu3 domain are IgG3 domains.

[0305] In exemplary embodiment 11, provided herein is the rodent of embodiment
10, wherein the IgG3 domain is encoded by an allele selected from IGHG3*01, IGHG3*02,
IGHG3*03, IGHG3*04, IGHG3*05, IGHG3*06, IGHG3*07, IGHG3*08, IGHG3*09,
IGHG3*10, IGHG3*11, IGHG3*12, IGHG3*13, IGHG3*14, IGHG3*15, IGHG3*16,
IGHG3*17, IGHG3*18 and IGHG3*19.

[0306] In exemplary embodiment 12, provided herein is the rodent of any one of
embodiments 1 to 5, wherein the human Cul domain, the human hinge region, the human
Cu2 domain and the human Cua3 domain are IgG4 domains.

[0307] In exemplary embodiment 13, provided herein is the rodent of embodiment
12, wherein the IgG4 domain is encoded by an allele selected from IGHG4*01, IGHG4*02,
IGHG4*03 and IGHG4*04.
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[0308] In exemplary embodiment 14, provided herein is the rodent of any one of
embodiments 6 to 13, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cyza or Cyac gene segment locus.

[0309] In exemplary embodiment 15, provided herein is the rodent of embodiment
14, wherein the Cu gene segment encoding the human Cul domain, the human hinge
region, the human Cu2 domain and the human Cu3 domain replaces an endogenous Cyza or
Cy2c gene segment.

[0310] In exemplary embodiment 16, provided herein is the rodent of any one of
embodiments 6 to 13, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cy1 gene segment locus.

[0311] In exemplary embodiment 17, provided herein is the rodent of embodiment
16, wherein the Cu gene segment encoding the human Cul domain, the human hinge
region, the human Cu2 domain and the human Cu3 domain replaces an endogenous Cy1
gene segment.

[0312] In exemplary embodiment 18, provided herein is the rodent of any one of
embodiments 6 to 13, wherein the Cua gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cyzb gene segment locus.

[0313] In exemplary embodiment 19, provided herein is the rodent of embodiment
18, wherein the Cu gene segment encoding the human Cul domain, the human hinge
region, the human Cu2 domain and the human Cu3 domain replaces an endogenous Cyzb
gene segment.

[0314] In exemplary embodiment 20, provided herein is the rodent of any one of
embodiments 6 to 13, wherein the Cu gene segment the human Cul domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cys gene segment locus.

[0315] In exemplary embodiment 21, provided herein is the rodent of embodiment
20, wherein the Cu gene segment encoding the human Cul domain, the human hinge
region, the human Cu2 domain and the human Cu3 domain replaces an endogenous Cy3

gene segment.
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[0316] In exemplary embodiment 22, provided herein is the rodent of any one of
embodiments 1 to 21, wherein the immunoglobulin heavy chain constant region further
comprises a rodent C, gene segment.

[0317] In exemplary embodiment 23, provided herein is the rodent of any one of
embodiments 1 to 21, wherein the immunoglobulin heavy chain constant region further
comprises a human C, gene segment.

[0318] In exemplary embodiment 24, provided herein is the rodent of any one of
embodiments 1 to 23, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cs gene segment.

[0319] In exemplary embodiment 25, provided herein is the rodent of any one of
embodiments 1 to 23, wherein the immunoglobulin heavy chain constant region further
comprises a human C;s gene segment.

[0320] In exemplary embodiment 26, provided herein is the rodent of any one of
embodiments 1 to 25, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cy1 gene segment.

[0321] In exemplary embodiment 27, provided herein is the rodent of any one of
embodiments 1 to 26, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cyza and/or Cyzc gene segment.

[0322] In exemplary embodiment 28, provided herein is the rodent of any one of
embodiments 1 to 27, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cyz gene segment.

[0323] In exemplary embodiment 29,provided herein is the rodent of any one of
embodiments 1 to 28, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cy3 gene segment.

[0324] In exemplary embodiment 30, provided herein is the rodent of any one of
embodiments 1 to 29, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Ce gene segment.

[0325] In exemplary embodiment 31, provided herein is the rodent of any one of
embodiments 1 to 29, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0326] In exemplary embodiment 32, provided herein is the rodent of any one of
embodiments 1 to 31, wherein the immunoglobulin heavy chain constant region further

comprises a rodent Cu gene segment.
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[0327] In exemplary embodiment 33, provided herein is the rodent of any one of
embodiments 1 to 31, wherein the immunoglobulin heavy chain constant region further
comprises a human Cq gene segment.

[0328] In exemplary embodiment 34, provided herein is the rodent of any one of
embodiments 1 to 21, wherein the immunoglobulin heavy chain constant region comprises
a human Cy gene segment, a human Cs gene segment, a human Cy3 gene segment and a
human Cy1 gene segment.

[0329] In exemplary embodiment 35, provided herein is the rodent of embodiment
34, wherein the immunoglobulin heavy chain constant region further comprises a human
Cy2 gene segment and a human Cy4 gene segment.

[0330] In exemplary embodiment 36, provided herein is the rodent of embodiment
34 or embodiment 35, wherein the immunoglobulin heavy chain constant region further
comprises a human Cq gene segment.

[0331] In exemplary embodiment 37, provided herein is the rodent of any one of
embodiments 34 to 36, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0332] In exemplary embodiment 38, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a Vu gene segment, a Du gene
segment and a Ju gene segment; and (ii) an immunoglobulin heavy chain constant region
comprising a Cu gene segment encoding an IgM constant domain comprising a human Cul
domain, a human Cx2 domain, a human Cua3 domain, a human Cu4 domain, a human IgM
transmembrane domain and a human IgM cytoplasmic domain, wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region such that the rodent produces IgM antibodies comprising
variable domains derived from the Vu gene segment, the Du gene segment and the Ju gene
segment and heavy chain constant domains derived from the Cu gene segment.

[0333] In exemplary embodiment 39, provided herein is the rodent of embodiment
38, wherein the immunoglobulin heavy chain constant region further comprises a human Cs
gene segment.

[0334] In exemplary embodiment 40, provided herein is the rodent of embodiments
38 or 39, wherein the immunoglobulin heavy chain constant region further comprises a

human Cy3 gene segment.
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[0335] In exemplary embodiment 41, provided herein is the rodent of any one of
embodiments 38 to 40, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy1 gene segment.

[0336] In exemplary embodiment 42, provided herein is the rodent of any one of
embodiments 38 to 41, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment.

[0337] In exemplary embodiment 43, provided herein is the rodent of any one of
embodiments 38 to 42, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy4 gene segment.

[0338] In exemplary embodiment 44, provided herein is the rodent of any one of
embodiments 38 to 43, wherein the immunoglobulin heavy chain constant region comprises
a human Cy gene segment, a human Cs gene segment, a human Cy3 gene segment and a
human Cy1 gene segment.

[0339] In exemplary embodiment 45, provided herein is the rodent of embodiment
44, wherein the immunoglobulin heavy chain constant region further comprises a human
Cy2 gene segment and a human Cy4 gene segment.

[0340] In exemplary embodiment 46, provided herein is the rodent of embodiment
44 or embodiment 45, wherein the immunoglobulin heavy chain constant region further
comprises a human Cq gene segment.

[0341] In exemplary embodiment 47, provided herein is the rodent of any one of
embodiments 44 to 46, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0342] In exemplary embodiment 48, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a Vu gene segment, a Du gene
segment and a Ju gene segment; and (ii) an immunoglobulin heavy chain constant region
comprising a Cu gene segment encoding an IgD constant domain comprising a human Cu1
domain, a human hinge H1 domain, a human hinge H2 domain, a human Cu2 domain, a
human Cu3 domain, a human IgD transmembrane domain and a human IgD cytoplasmic
domain, wherein the immunoglobulin heavy chain variable region is operably linked to the
immunoglobulin heavy chain constant region such that the rodent produces IgD antibodies
comprising variable domains derived from the Vu gene segment, the Dy gene segment and

the Ju gene segment and heavy chain constant domains derived from the Cu gene segment.
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[0343] In exemplary embodiment 49, provided herein is the rodent of embodiment
48, wherein the immunoglobulin heavy chain constant region further comprises a human Cy
gene segment.

[0344] In exemplary embodiment 50, provided herein is the rodent of embodiments
48 or 49, wherein the immunoglobulin heavy chain constant region further comprises a
human Cy3 gene segment.

[0345] In exemplary embodiment 51, provided herein is the rodent of any one of
embodiments 48 to 50, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy1 gene segment.

[0346] In exemplary embodiment 52, provided herein is the rodent of any one of
embodiments 48 to 51, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment.

[0347] In exemplary embodiment 53, provided herein is the rodent of any one of
embodiments 48 to 52, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy gene segment.

[0348] In exemplary embodiment 54, provided herein is the rodent of any one of
embodiments 48 to 53, wherein the immunoglobulin heavy chain constant region comprises
a human Cy gene segment, a human Cs gene segment, a human Cy3 gene segment and a
human Cy1 gene segment.

[0349] In exemplary embodiment 55, provided herein is the rodent of embodiment
54, wherein the immunoglobulin heavy chain constant region further comprises a human
Cy2 gene segment and a human Cy gene segment.

[0350] In exemplary embodiment 56, provided herein is the rodent of embodiment
54 or embodiment 55, wherein the immunoglobulin heavy chain constant region further
comprises a human Cq gene segment.

[0351] In exemplary embodiment 57, provided herein is the rodent of any one of
embodiments 54 to 56, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0352] In exemplary embodiment 58, provided herein is the rodent of any one of
embodiments 1 to 57, wherein the engineered immunoglobulin heavy chain locus further

comprises a rodent intronic enhancer (Ei).
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[0353] In exemplary embodiment 59, provided herein is the rodent of any one of
embodiments 1 to 57, wherein the engineered immunoglobulin heavy chain locus further
comprises a human intronic enhancer (E;).

[0354] In exemplary embodiment 60, provided herein is the rodent of any one of
embodiments 1 to 59, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent 3’ regulatory region (3’ RR).

[0355] In exemplary embodiment 61, provided herein is the rodent of any one of
embodiments 1 to 5, wherein the engineered immunoglobulin heavy chain locus further
comprises a human 3’ regulatory region (3’ RR).

[0356] In exemplary embodiment 62, provided herein is the rodent of any one of
embodiments 1 to 61, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent S, switch site.

[0357] In exemplary embodiment 63, provided herein is the rodent of any one of
embodiments 1 to 62, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Sy3 switch site.

[0358] In exemplary embodiment 64, provided herein is the rodent of any one of
embodiments 1 to 63, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Sy1 switch site.

[0359] In exemplary embodiment 65, provided herein is the rodent of any one of
embodiments 1 to 64, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Sy switch site.

[0360] In exemplary embodiment 66, provided herein is the rodent of any one of
embodiments 1 to 65, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Sy2a and/or Syzc switch site.

[0361] In exemplary embodiment 67, provided herein is the rodent of any one of
embodiments 1 to 66, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Se switch site.

[0362] In exemplary embodiment 68, provided herein is the rodent of any one of
embodiments 1 to 67, wherein the engineered immunoglobulin heavy chain locus further
comprises a rodent Sa switch site.

[0363] In exemplary embodiment 69, provided herein is the rodent of any one of
embodiments 1 to 61, wherein the engineered immunoglobulin heavy chain locus further

comprises a human Sy switch site.
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[0364] In exemplary embodiment 70, provided herein is the rodent of any one of
embodiments 1 to 61 and 69, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sy3 switch site.

[0365] In exemplary embodiment 71, provided herein is the rodent of any one of
embodiments 1 to 61 and 69-70, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sy1 switch site.

[0366] In exemplary embodiment 72, provided herein is the rodent of any one of
embodiments 1 to 61 and 69-71, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sy switch site.

[0367] In exemplary embodiment 73, provided herein is the rodent of any one of
embodiments 1 to 61 and 69-72, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sy4 switch site.

[0368] In exemplary embodiment 74, provided herein is the rodent of any one of
embodiments 1 to 61 and 69-73, wherein the engineered immunoglobulin heavy chain locus
further comprises a human S switch site.

[0369] In exemplary embodiment 75, provided herein is the rodent of any one of
embodiments 1 to 61 and 69-74, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sq switch site.

[0370] In exemplary embodiment 76, provided herein is the rodent of any one of
embodiments 1 to 75, wherein the Vu gene segment is a rodent Vu gene segment, the Du
gene segment is a rodent Dy gene segment and the Ju gene segment is a rodent Ju gene
segment.

[0371] In exemplary embodiment 77, provided herein is the rodent of embodiment
76, wherein the rodent Vu gene segment, the rodent Du gene segment and the rodent Ju
gene segment are endogenous rodent gene segments.

[0372] In exemplary embodiment 78, provided herein is the rodent of any one of
embodiments 1 to 75, wherein the Vu gene segment is a human Vu gene segment, the Du
gene segment is a human Du gene segment and the Ju gene segment is a human Ju gene
segment.

[0373] In exemplary embodiment 79, provided herein is the rodent of embodiment
78, wherein the immunoglobulin heavy chain variable region comprises at least 3 human

Vu gene segments.
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[0374] In exemplary embodiment 80, provided herein is the rodent of embodiment
78 or embodiment 79, wherein the immunoglobulin heavy chain variable region comprises
all of the human Du gene segments.

[0375] In exemplary embodiment 81, provided herein is the rodent of any one of
embodiments 78 to 80, wherein the immunoglobulin heavy chain variable region comprises
all of the human Ju gene segments.

[0376] In exemplary embodiment 82, provided herein is the rodent of any one of
embodiments 78 to 81, wherein the immunoglobulin heavy chain variable region lacks a
functional endogenous rodent Adam6 gene.

[0377] In exemplary embodiment 83, provided herein is the rodent of any one of
embodiments 78 to 82, wherein the germline genome further comprises a nucleotide
sequence encoding a functional rodent Adam6 polypeptide, a functional ortholog, a
functional homolog, or a functional fragment thereof.

[0378] In exemplary embodiment 84, provided herein is the rodent of embodiment
83, wherein the functional rodent Adam6 polypeptide, the functional ortholog, the
functional homolog, or the functional fragment thereof is expressed.

[0379] In exemplary embodiment 85, provided herein is the rodent of embodiment
83 or embodiment 84, wherein the nucleotide sequence encoding the rodent ADAMG6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof is included on the same chromosome as the immunoglobulin heavy chain variable
region.

[0380] In exemplary embodiment 86, provided herein is the rodent of any one of
embodiments 83 to 85, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof is included in the engineered immunoglobulin heavy chain locus.

[0381] In exemplary embodiment 87, provided herein is the rodent of any one of
embodiments 83 to 86, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptides, the functional ortholog, the functional homolog, or the functional fragment
thereof is in place of a human Adam6 pseudogene.

[0382] In exemplary embodiment 88, provided herein is the rodent of any one of
embodiments 83 to 87, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment

thereof replaces a human Adamé pseudogene.
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[0383] In exemplary embodiment 89, provided herein is the rodent of any one of
embodiments 83 to 88, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof is between a first human Vi gene segment and a second human Vu gene segment.
[0384] In exemplary embodiment 90, provided herein is the rodent of embodiment
89, wherein the first human Vu gene segment is Vu1-2 and the second human Vu gene
segment is VHO-1.

[0385] In exemplary embodiment 91, provided herein is the rodent of any one of
embodiments 83 to 86, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptides, the functional ortholog, the functional homolog, or the functional fragment
thereof is between a human Vi gene segment and a human Dn gene segment.

[0386] In exemplary embodiment 92, provided herein is the rodent of any one of
embodiments 1 to 91, wherein the engineered immunoglobulin heavy chain locus is
positioned at an endogenous immunoglobulin heavy chain locus.

[0387] In exemplary embodiment 93, provided herein is the rodent of embodiment
92, wherein the engineered immunoglobulin heavy chain locus replaces all or part of the
endogenous immunoglobulin heavy chain locus.

[0388] In exemplary embodiment 94, provided herein is the rodent of any one of
embodiments 1 to 93, wherein the rodent is heterozygous for the engineered
immunoglobulin heavy chain locus.

[0389] In exemplary embodiment 95, provided herein is the rodent of any one of
embodiments 1 to 93, wherein the rodent is homozygous for the engineered
immunoglobulin heavy chain locus.

[0390] In exemplary embodiment 96, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Du gene segment and a human Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(ii1) an immunoglobulin heavy chain constant region comprising: (a) a rodent Cy gene
segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d) a rodent Cy1 gene
segment; (e) a rodent Cy2b gene segment; (f) a modified Cu gene segment encoding a human
IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Cu2 domain, a human IgGl
Cu3 domain, a rodent IgGG2a transmembrane domain, and a rodent IgG2a cytoplasmic

domain;(g) a rodent Ce gene segment; and (h) a rodent Co gene segment; and (iv) a rodent 3’
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regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable region is
operably linked to the immunoglobulin heavy chain constant region such that the rodent
produces IgG antibodies comprising variable domains derived from the human Vu gene
segment, the human Du gene segment and the human Ju gene segment and heavy chain
constant domains derived from the modified Cu gene segment.

[0391] In exemplary embodiment 97, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Dy gene segment and a human Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(ii1) an immunoglobulin heavy chain constant region comprising: (a) a rodent Cy gene
segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d) a rodent Cy1 gene
segment; (e) a rodent Cy2b gene segment; (f) a modified Cu gene segment encoding a human
IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Ca2 domain, a human IgG1
Cu3 domain, a human IgG1 transmembrane domain, and a human IgG1 cytoplasmic
domain; (g) a rodent C: gene segment; and (h) a rodent Co gene segment; and (iv) a rodent
3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable region is
operably linked to the immunoglobulin heavy chain constant region such that the rodent
produces IgG antibodies comprising variable domains derived from the human Vu gene
segment, the human Du gene segment and the human Ju gene segment and heavy chain
constant domains derived from the modified Cu gene segment.

[0392] In exemplary embodiment 98, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Dy gene segment and a human Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(ii1) an immunoglobulin heavy chain constant region comprising: (a) a rodent Cy gene
segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d) a modified Cu
gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge region, a human
IgG4 Cu2 domain, a human IgG4 Cu3 domain, a rodent IgG1 transmembrane domain, and
a rodent IgG1 cytoplasmic domain; () a rodent Cyab gene segment; (f) a rodent Cy2a and/or
Cy2c gene segment; (g) a rodent C: gene segment; and (h) a rodent Co gene segment; and
(iv) arodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region such

that the rodent produces IgG antibodies comprising variable domains derived from the
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human Vu gene segment, the human Du gene segment and the human Ju gene segment and
heavy chain constant domains derived from the modified Cu gene segment.

[0393] In exemplary embodiment 99, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Du gene segment and a human Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(iii) an immunoglobulin heavy chain constant region comprising: (a) a rodent C, gene
segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d) a modified Cu
gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge region, a human
IgG4 Cu2 domain, a human IgG4 Cu3 domain, a human IgG4 transmembrane domain, and
a human IgG4 cytoplasmic domain; (e) a rodent Cy2 gene segment; (f) a rodent Cy2a and/or
Cy2c gene segment; (g) a rodent Ce gene segment; and (h) a rodent Co gene segment; and
(iv) arodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region such
that the rodent produces IgG antibodies comprising variable domains derived from the
human Vu gene segment, the human Du gene segment and the human Ju gene segment and
heavy chain constant domains derived from the modified Cu gene segment.

[0394] In exemplary embodiment 100, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Dy gene segment and a human Ju gene segment; (ii) a human intronic enhancer (Ei);
(ii1) an immunoglobulin heavy chain constant region comprising: (a) a human C, gene
segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment; (d) a human Cy1
gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the immunoglobulin
heavy chain variable region is operably linked to the immunoglobulin heavy chain constant
region such that the rodent produces IgG antibodies comprising a fully human heavy chain.
[0395] In exemplary embodiment 101, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a human Vu gene segment, a
human Dy gene segment and a human Ju gene segment; (ii) a human intronic enhancer (Ei);
(iii) an immunoglobulin heavy chain constant region comprising: (a) a human Cy gene
segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment; (d) a human Cy1

gene segment; (c) a human Cy2 gene segment; (d) a human Cy gene segment; and (iv) a
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rodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable
region is operably linked to the immunoglobulin heavy chain constant region such that the
rodent produces IgG antibodies comprising a fully human heavy chain.

[0396] In exemplary embodiment 102, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a rodent Vu gene segment, a
rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(ii1) an immunoglobulin heavy chain constant region comprising: (a) a human C, gene
segment; (b) a human C;s gene segment; (¢) a human Cy3 gene segment; (d) a human Cy1
gene segment; and (iv) a rodent 3’ regulatory region (3" RR), wherein the immunoglobulin
heavy chain variable region is operably linked to the immunoglobulin heavy chain constant
region such that the rodent produces IgG antibodies comprising a heavy chain comprising a
rodent variable domain and a human constant domain.

[0397] In exemplary embodiment 103, provided herein is a rodent comprising in its
genome: an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a rodent Vu gene segment, a
rodent Dy gene segment and a rodent Ju gene segment; (ii) a rodent intronic enhancer (Ei);
(iii) an immunoglobulin heavy chain constant region comprising: (a) a human Cy gene
segment; (b) a human C;s gene segment; (¢) a human Cy3 gene segment; (d) a human Cy1
gene segment; (c) a human Cy2 gene segment; (d) a human Cy gene segment; and (iv) a
rodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable
region is operably linked to the immunoglobulin heavy chain constant region such that the
rodent produces IgG antibodies comprising a heavy chain comprising a rodent variable
domain and a human constant domain.

[0398] In exemplary embodiment 104, provided herein is the rodent of any one of
embodiments 96 to 103, wherein the engineered immunoglobulin heavy chain locus is
positioned at an endogenous immunoglobulin heavy chain locus.

[0399] In exemplary embodiment 105, provided herein is the rodent of embodiment
104, wherein the engineered immunoglobulin heavy chain locus replaces all or part of the
endogenous immunoglobulin heavy chain locus.

[0400] In exemplary embodiment 106, provided herein is the rodent of any one of
embodiments 96 to 105, wherein the rodent is heterozygous for the engineered

immunoglobulin heavy chain locus.
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[0401] In exemplary embodiment 107, provided herein is the rodent of any one of
embodiments 96 to 105, wherein the rodent is homozygous for the engineered
immunoglobulin heavy chain locus.

[0402] In exemplary embodiment 108, provided herein is the rodent of any one of
embodiments 1 to 107 further comprising in its genome: an engineered immunoglobulin
kappa (k) chain locus that comprises: (1) an immunoglobulin k chain variable region
comprising a human V« gene segment and a human J«x gene segment; and (2) an
immunoglobulin k chain constant region comprising a human Cy gene segment, wherein the
immunoglobulin k chain variable region is operably linked to the immunoglobulin k chain
constant region such that the rodent produces antibodies comprising light chain variable
domains derived from the human V« gene segment and the human J« gene segment and
light chain constant domains derived from the human Cx gene segment.

[0403] In exemplary embodiment 109, provided herein is the rodent of embodiment
108, wherein the engineered immunoglobulin k chain locus further comprises a rodent
intronic k enhancer (Exi).

[0404] In exemplary embodiment 110, provided herein is the rodent of embodiment
108, wherein the engineered immunoglobulin k chain locus further comprises a human
intronic k enhancer (Exi).

[0405] In exemplary embodiment 111, provided herein is the rodent of any one of
embodiments 108 to 110, wherein the engineered immunoglobulin k chain locus further
comprises a rodent 3’ k enhancer (E«s').

[0406] In exemplary embodiment 112, provided herein is the rodent of any one of
embodiments 108 to 110, wherein the engineered immunoglobulin k chain locus further
comprises a human 3’ k enhancer (E«3').

[0407] In exemplary embodiment 113, provided herein is the rodent of any one of
embodiments 108 to 112, wherein the immunoglobulin k chain variable region comprises at
least 6 human Vi gene segments.

[0408] In exemplary embodiment 114, provided herein is the rodent of any one of
embodiments 108 to 113, wherein the immunoglobulin k chain variable region comprises
all of the human J« gene segments.

[0409] In exemplary embodiment 115, provided herein is the rodent of any one of
embodiments 108 to 114, wherein the engineered immunoglobulin k chain locus is

positioned at an endogenous immunoglobulin « chain locus.
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[0410] In exemplary embodiment 116, provided herein is the rodent of embodiment
115, wherein the engineered immunoglobulin k chain locus replaces all or part of the
endogenous immunoglobulin k chain locus.

[0411] In exemplary embodiment 117, provided herein is the rodent of any one of
embodiments 108 to 116, wherein the rodent is heterozygous for the engineered
immunoglobulin k chain locus.

[0412] In exemplary embodiment 118, provided herein is the rodent of any one of
embodiments 108 to 116, wherein the rodent is homozygous for the engineered
immunoglobulin k chain locus.

[0413] In exemplary embodiment 119, provided herein is the rodent of any one of
embodiments 1 to 118 further comprising in its genome: an engineered immunoglobulin
lambda (A) chain locus that comprises: a human Vi gene segment, a human Ji. gene segment
and a human C,. gene segment, wherein the human Vi gene segment and the human Ji. gene
segment are operably linked to the human Cy. gene segment such that the rodent produces
antibodies comprising light chain variable domains derived from the human V). gene
segment and the human J) gene segment and light chain constant domains derived from the
human Cs gene segment.

[0414] In exemplary embodiment 120, provided herein is the rodent of embodiment
119, wherein the human C,. gene segment is a human Ci1 gene segment.

[0415] In exemplary embodiment 121, provided herein is the rodent of embodiment
120, wherein the human J;. gene segment is a human Ju1 gene segment.

[0416] In exemplary embodiment 122, provided herein is the rodent of embodiment
119, wherein the human Ci. gene segment is a human Ci2 gene segment.

[0417] In exemplary embodiment 123, provided herein is the rodent of embodiment
122, wherein the human Ji gene segment is a human Jx2 gene segment.

[0418] In exemplary embodiment 124, provided herein is the rodent of embodiment
119, wherein the human Ci gene segment is a human Ci3 gene segment.

[0419] In exemplary embodiment 125, provided herein is the rodent of embodiment
124, wherein the human J;. gene segment is a human Ji3 gene segment.

[0420] In exemplary embodiment 126, provided herein is the rodent of embodiment
119, wherein the human C,. gene segment is a human Cis gene segment.

[0421] In exemplary embodiment 127, provided herein is the rodent of embodiment

126, wherein the human Ji gene segment is a human Jis gene segment.
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[0422] In exemplary embodiment 128, provided herein is the rodent of embodiment
119, wherein the human Ji gene segment is a human Jx7 gene segment.

[0423] In exemplary embodiment 129, provided herein is the rodent of any one of
embodiments 119 to 128, wherein the engineered immunoglobulin A chain locus comprises
a human Cu gene segment, a human Ci2 gene segment, a human Cj3 gene segment, a
human Cis gene segment and a rodent C 11 gene segment.

[0424] In exemplary embodiment 130, provided herein is the rodent of embodiment
129, wherein the engineered immunoglobulin A chain locus comprises a human Ju gene
segment, a human Ji2 gene segment, a human Ji3 gene segment, a human Jis gene segment
and a human Ji7 gene segment.

[0425] In exemplary embodiment 131, provided herein is the rodent ES cell of
embodiment 130, wherein the engineered immunoglobulin A chain locus comprises a
human Ji1- Co1 gene segment cluster, a human Jiz- Ciz gene segment cluster, a human Jis-
Ci3 gene segment cluster, a human Jis- Cis gene segment cluster and a human Ji7- rodent
Cu1 gene segment cluster.

[0426] In exemplary embodiment 132, provided herein is the rodent of any one of
embodiments 119 to 131, wherein the engineered immunoglobulin A chain locus comprises
at least 7 human Vi gene segments.

[0427] In exemplary embodiment 133, provided herein is the rodent of any one of
embodiments 119 to 132, wherein the engineered immunoglobulin A chain locus further
comprises a rodent A enhancer 2.4.

[0428] In exemplary embodiment 134, provided herein is the rodent of any one of
embodiments 119 to 133, wherein the engineered immunoglobulin A chain locus further
comprises a rodent 3’ A enhancer.

[0429] In exemplary embodiment 135, provided herein is the rodent of any one of
embodiments 119 to 134, wherein the engineered immunoglobulin A chain locus further
comprises a rodent A enhancer 3.1.

[0430] In exemplary embodiment 136, provided herein is the rodent of any one of
embodiments 119 to 135, wherein the engineered immunoglobulin A chain locus further
comprises a human 3’ A enhancer.

[0431] In exemplary embodiment 137, provided herein is the rodent of any one of
embodiments 119 to 136, wherein the engineered immunoglobulin A chain locus is

positioned at an endogenous immunoglobulin A chain locus.
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[0432] In exemplary embodiment 138, provided herein is the rodent of embodiment
137, wherein the engineered immunoglobulin A chain locus replaces all or part of the
endogenous immunoglobulin A chain locus.

[0433] In exemplary embodiment 139, provided herein is the rodent of any one of
embodiments 119 to 138, wherein the rodent is heterozygous for the engineered
immunoglobulin A chain locus.

[0434] In exemplary embodiment 140, provided herein is the rodent of any one of
embodiments 119 to 138, wherein the rodent is homozygous for the engineered
immunoglobulin A chain locus.

[0435] In exemplary embodiment 141, provided herein is the rodent of any one of
embodiments 1 to 140, further comprising in its genome an engineered neonatal Fc receptor
(FcRn) locus comprising a nucleic acid sequence encoding an FcRn polypeptide comprising
a human extracellular domain.

[0436] In exemplary embodiment 142, provided herein is the rodent of embodiment
141, wherein the FcRn polypeptide further comprises a rodent transmembrane domain.
[0437] In exemplary embodiment 143, provided herein is the rodent of embodiment
141, wherein the FcRn polypeptide further comprises a human transmembrane domain.
[0438] In exemplary embodiment 144, provided herein is the rodent of any one of
embodiments 141 to 143, wherein the FcRn polypeptide further comprises a rodent
cytoplasmic domain.

[0439] In exemplary embodiment 145, provided herein is the rodent of any one of
embodiments 141 to 143, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[0440] In exemplary embodiment 146, provided herein is the rodent of any one of
embodiment 141 to 145, wherein the nucleic acid sequence encoding the FcRn polypeptide
is positioned at an endogenous rodent FcRn locus.

[0441] In exemplary embodiment 147, provided herein is the rodent of embodiment
146, wherein the nucleic acid sequence encoding the FcRn polypeptide replaces all or part
of an endogenous rodent FcRn gene.

[0442] In exemplary embodiment 148, provided herein is the rodent of embodiment
141, wherein the nucleic acid sequence encoding the FcRn extracellular domain replaces an

endogenous nucleic acid sequence encoding a rodent FcRn extracellular domain.
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[0443] In exemplary embodiment 149, provided herein is the rodent of any one of
embodiments 141 to 148, wherein the rodent does not express a rodent FcRn.

[0444] In exemplary embodiment 150, provided herein is the rodent of any one of
embodiments 141 to 149, wherein the rodent is heterozygous for the engineered FcRn
locus.

[0445] In exemplary embodiment 151, provided herein is the rodent of any one of
embodiments 141 to 149, wherein the rodent is homozygous for the engineered FcRn locus.
[0446] In exemplary embodiment 152, provided herein is the rodent of any one of
embodiments 141 to 151, further comprising in its genome an engineered [3-2-
microglobulin (B2M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (B2M) polypeptide.

[0447] In exemplary embodiment 153, provided herein is the rodent of embodiment
152, wherein the nucleic acid sequence encoding a human or humanized p2M polypeptide
is positioned at an endogenous rodent f2M locus.

[0448] In exemplary embodiment 154, provided herein is the rodent of embodiment
153, wherein the nucleic acid sequence encoding a human or humanized 32M polypeptide
replaces all or part of the endogenous rodent f2M gene.

[0449] In exemplary embodiment 155, provided herein is the rodent of any one of
embodiments 152 to 154, wherein the nucleic acid sequence comprises exons 2-4 of a
human B2M gene.

[0450] In exemplary embodiment 156, provided herein is the rodent of any one of
embodiments 152 to 155, wherein the rodent does not express a rodent 32M polypeptide.
[0451] In exemplary embodiment 157, provided herein is the rodent of any one of
embodiments 152 to 156, wherein the rodent is heterozygous for the engineered f2M locus.
[0452] In exemplary embodiment 158, provided herein is the rodent of any one of
embodiments 152 to 156, wherein the rodent is homozygous for the engineered f2M locus.
[0453] In exemplary embodiment 159, provided herein is the rodent of any one of
embodiments 1 to 158, further comprising in its genome an engineered Fc epsilon receptor
1 alpha (FceR1a) locus comprising a nucleic acid sequence encoding an FceR1a
polypeptide comprising a human extracellular domain.

[0454] In exemplary embodiment 160, provided herein is the rodent of embodiment

159, wherein the FceR1a polypeptide further comprises a rodent transmembrane domain.
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[0455] In exemplary embodiment 161, provided herein is the rodent of embodiment
159, wherein the FceR1a polypeptide further comprises a human transmembrane domain.
[0456] In exemplary embodiment 162, provided herein is the rodent of any one of
embodiments 159 to 161, wherein the FceR1a polypeptide further comprises a rodent
cytoplasmic domain.

[0457] In exemplary embodiment 163, provided herein is the rodent of any one of
embodiments 159 to 161, wherein the FceR1a polypeptide further comprises a human
cytoplasmic domain.

[0458] In exemplary embodiment 164, provided herein is the rodent of any one of
embodiment 159 to 163, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR 1a locus.

[0459] In exemplary embodiment 165, provided herein is the rodent of embodiment
164, wherein the nucleic acid sequence encoding the FceR1a polypeptide replaces all or
part of an endogenous rodent FceR1a, gene.

[0460] In exemplary embodiment 166, provided herein is the rodent of embodiment
165, wherein the FceR 1a polypeptide comprises a human extracellular domain, a human
transmembrane domain and a human cytoplasmic domain.

[0461] In exemplary embodiment 167, provided herein is the rodent of embodiment
159, wherein the nucleic acid sequence encoding the human FceR 1a extracellular domain
replaces an endogenous nucleic acid sequence encoding a rodent FceR1a extracellular
domain.

[0462] In exemplary embodiment 168, provided herein is the rodent of any one of
embodiments 159 to 167, wherein the rodent does not express a rodent FceR1a.

[0463] In exemplary embodiment 169, provided herein is the rodent of any one of
embodiments 159 to 168, wherein the rodent is heterozygous for the engineered FceR1a
locus.

[0464] In exemplary embodiment 170, provided herein is the rodent of any one of
embodiments 159 to 168, wherein the rodent is homozygous for the engineered FceR1a
locus.

[0465] In exemplary embodiment 171, provided herein is the rodent of any one of
embodiments 1 to 170, further comprising in its genome an engineered Fc gamma receptor
la (FcyR1a) locus comprising a nucleic acid sequence encoding an FcyR 1a polypeptide

comprising a human extracellular domain.
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[0466] In exemplary embodiment 172, provided herein is the rodent of embodiment
171, wherein the FcyR1a polypeptide further comprises a rodent transmembrane domain.
[0467] In exemplary embodiment 173, provided herein is the rodent of embodiment
171, wherein the FcyR1a polypeptide further comprises a human transmembrane domain.
[0468] In exemplary embodiment 174, provided herein is the rodent of any one of
embodiments 171 to 173, wherein the FcyR1a polypeptide further comprises a rodent
cytoplasmic domain.

[0469] In exemplary embodiment 175, provided herein is the rodent of any one of
embodiments 171 to 173, wherein the FcyR1a polypeptide further comprises a human
cytoplasmic domain.

[0470] In exemplary embodiment 176, provided herein is the rodent of any one of
embodiment 171 to 175, wherein the nucleic acid sequence encoding the FcyR1a
polypeptide is positioned at an endogenous rodent FcyR1a locus.

[0471] In exemplary embodiment 177, provided herein is the rodent of embodiment
176, wherein the nucleic acid sequence encoding the FcyR1a polypeptide replaces all or
part of an endogenous rodent FcyR1a gene.

[0472] In exemplary embodiment 178, provided herein is the rodent of embodiment
171, wherein the nucleic acid sequence encoding the human FcyR 1a extracellular domain
replaces an endogenous nucleic acid sequence encoding a rodent FcyR1a extracellular
domain.

[0473] In exemplary embodiment 179, provided herein is the rodent of any one of
embodiments 171 to 178, wherein the rodent does not express a rodent FcyR1a.

[0474] In exemplary embodiment 180, provided herein is the rodent of any one of
embodiments 171 to 179, wherein the rodent is heterozygous for the engineered FcyR1a
locus.

[0475] In exemplary embodiment 181, provided herein is the rodent of any one of
embodiments 171 to 179, wherein the rodent is homozygous for the engineered FcyR1a
locus.

[0476] In exemplary embodiment 182, provided herein is the rodent of any one of
embodiments 1 to 181, further comprising in its genome an engineered Fc gamma receptor
2a (FcyR2a) locus comprising a nucleic acid sequence encoding a human FcyR2a

polypeptide.
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[0477] In exemplary embodiment 183, provided herein is the rodent embodiment
182, wherein the nucleic acid sequence encoding the FcyR2a polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0478] In exemplary embodiment 184, provided herein is the rodent of embodiment
183, wherein the nucleic acid sequence encoding the human FcyR2a polypeptide replaces
all or part of an endogenous rodent low affinity FcyR gene.

[0479] In exemplary embodiment 185, provided herein is the rodent of any one of
embodiments 182 to 184, wherein the rodent is heterozygous for the engineered FcyR2a
locus.

[0480] In exemplary embodiment 186, provided herein is the rodent of any one of
embodiments 182 to 184, wherein the rodent is homozygous for the engineered FcyR2a
locus.

[0481] In exemplary embodiment 187, provided herein is the rodent of any one of
embodiments 1 to 186, further comprising in its genome an engineered Fc gamma receptor
2b (FcyR2b) locus comprising a nucleic acid sequence encoding a human FcyR2b
polypeptide.

[0482] In exemplary embodiment 188, provided herein is the rodent embodiment
187, wherein the nucleic acid sequence encoding the FcyR2b polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0483] In exemplary embodiment 189, provided herein is the rodent of embodiment
188, wherein the nucleic acid sequence encoding the human FcyR2b polypeptide replaces
all or part of endogenous rodent low affinity FcyR gene.

[0484] In exemplary embodiment 190, provided herein is the rodent of any one of
embodiments 187 to 189, wherein the rodent is heterozygous for the engineered FcyR2b
locus.

[0485] In exemplary embodiment 191, provided herein is the rodent of any one of
embodiments 187 to 189, wherein the rodent is homozygous for the engineered FcyR2b
locus.

[0486] In exemplary embodiment 192, provided herein is the rodent of any one of
embodiments 1 to 191, further comprising in its genome an engineered Fc gamma receptor
3a (FcyR3a) locus comprising a nucleic acid sequence encoding a human FcyR3a

polypeptide.
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[0487] In exemplary embodiment 193, provided herein is the rodent embodiment
192, wherein the nucleic acid sequence encoding the FcyR3a polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0488] In exemplary embodiment 194, provided herein is the rodent of embodiment
193, wherein the nucleic acid sequence encoding the human FcyR3a polypeptide replaces
all or part of endogenous rodent low affinity FcyR gene.

[0489] In exemplary embodiment 195, provided herein is the rodent of any one of
embodiments 192 to 194, wherein the rodent is heterozygous for the engineered FcyR3a
locus.

[0490] In exemplary embodiment 196, provided herein is the rodent of any one of
embodiments 192 to 194, wherein the rodent is homozygous for the engineered FcyR3a
locus.

[0491] In exemplary embodiment 197, provided herein is the rodent of any one of
embodiments 1 to 196, further comprising in its genome an engineered Fc gamma receptor
3b (FcyR3b) locus comprising a nucleic acid sequence encoding a human FcyR3b
polypeptide.

[0492] In exemplary embodiment 198, provided herein is the rodent of embodiment
197, wherein the nucleic acid sequence encoding the FcyR3b polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0493] In exemplary embodiment 199, provided herein is the rodent of embodiment
197, wherein the nucleic acid sequence encoding the human FcyR3b polypeptide replaces
all or part of endogenous rodent low affinity FcyR gene.

[0494] In exemplary embodiment 200, provided herein is the rodent of any one of
embodiments 197 to 199, wherein the rodent is heterozygous for the engineered FcyR3b
locus.

[0495] In exemplary embodiment 201, provided herein is the rodent of any one of
embodiments 197 to 199, wherein the rodent is homozygous for the engineered FcyR3b
locus.

[0496] In exemplary embodiment 202, provided herein is the rodent of any one of
embodiments 1 to 201, further comprising in its genome an engineered Fc gamma receptor
2¢ (FeyR2c) locus comprising a nucleic acid sequence encoding a human FcyR2c¢

polypeptide.
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[0497] In exemplary embodiment 203, provided herein is the rodent of embodiment
202, wherein the nucleic acid sequence encoding the FcyR2c¢ polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0498] In exemplary embodiment 204, provided herein is the rodent of embodiment
203, wherein the nucleic acid sequence encoding the human FcyR2c polypeptide replaces
all or part of endogenous rodent low affinity FcyR gene.

[0499] In exemplary embodiment 205, provided herein is the rodent of any one of
embodiments 202 to 204, wherein the rodent does not express a rodent FcyR2c.

[0500] In exemplary embodiment 206, provided herein is the rodent of any one of
embodiments 202 to 205, wherein the rodent is heterozygous for the engineered FcyR2c
locus.

[0501] In exemplary embodiment 207, provided herein is the rodent of any one of
embodiments 202 to 205, wherein the rodent is homozygous for the engineered FcyR2c
locus.

[0502] In exemplary embodiment 208, provided herein is a rodent comprising in its
genome an engineered neonatal Fc receptor (FcRn) locus comprising a nucleic acid
sequence encoding a FcRn polypeptide comprising a human extracellular domain.

[0503] In exemplary embodiment 209, provided herein is the rodent of embodiment
208, wherein the FcRn polypeptide further comprises a rodent transmembrane domain.
[0504] In exemplary embodiment 210, provided herein is the rodent of embodiment
208, wherein the FcRn polypeptide further comprises a human transmembrane domain.
[0505] In exemplary embodiment 211, provided herein is the rodent of any one of
embodiments 208 to 210, wherein the FcRn polypeptide further comprises a rodent
cytoplasmic domain.

[0506] In exemplary embodiment 212, provided herein is the rodent of any one of
embodiments 208 to 210, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[0507] In exemplary embodiment 213, provided herein is the rodent of any one of
embodiment 208 to 212, wherein the nucleic acid sequence encoding the FcRn polypeptide
is positioned at an endogenous rodent FcRn locus.

[0508] In exemplary embodiment 214, provided herein is the rodent of embodiment
213, wherein the nucleic acid sequence encoding the FcRn polypeptide replaces all or part

of an endogenous rodent FcRn gene.
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[0509] In exemplary embodiment 215, provided herein is the rodent of embodiment
208, wherein the nucleic acid sequence encoding the human FcRn extracellular domain
replaces an endogenous nucleic acid sequence encoding a rodent FcRn extracellular
domain.

[0510] In exemplary embodiment 216, provided herein is the rodent of any one of
embodiments 208 to 215, wherein the rodent does not express a rodent FcRn.

[0511] In exemplary embodiment 217, provided herein is the rodent of any one of
embodiments 208 to 216, wherein the rodent is heterozygous for the engineered FcRn
locus.

[0512] In exemplary embodiment 218, provided herein is the rodent of any one of
embodiments 208 to 216, wherein the rodent is homozygous for the engineered FcRn locus.
[0513] In exemplary embodiment 219, provided herein is the rodent of any one of
embodiments 208 to 218, further comprising in its genome -2-microglobulin (B2M) locus
comprising a nucleic acid sequence encoding a human or humanized p-2-microglobulin
(B2M) polypeptide.

[0514] In exemplary embodiment 220, provided herein is the rodent of embodiment
219, wherein the nucleic acid sequence encoding a human or humanized f2M polypeptide
is positioned at an endogenous rodent $2M locus.

[0515] In exemplary embodiment 221, provided herein is the rodent of embodiment
220, wherein the nucleic acid sequence encoding a human or humanized p2M polypeptide
replaces all or part of the endogenous rodent f2M gene.

[0516] In exemplary embodiment 222, provided herein is the rodent of any one of
embodiments 219 to 221, wherein the nucleic acid sequence comprises exons 2-4 of a
human $2M gene.

[0517] In exemplary embodiment 223, provided herein is the rodent of any one of
embodiments 219 to 222, wherein the rodent does not express a rodent p2M polypeptide.
[0518] In exemplary embodiment 224, provided herein is the rodent of any one of
embodiments 219 to 223, wherein the rodent is heterozygous for the engineered 2M locus.
[0519] In exemplary embodiment 225, provided herein is the rodent of any one of
embodiments 219 to 223, wherein the rodent is homozygous for the engineered 32M locus.
[0520] In exemplary embodiment 226, provided herein is a rodent comprising in its
genome an engineered Fc epsilon receptor 1 alpha (FceR1a) locus comprising a nucleic

acid sequence encoding an FceR1a polypeptide comprising a human extracellular domain.
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[0521] In exemplary embodiment 227, provided herein is the rodent of embodiment
226, wherein the FceR1a polypeptide further comprises a rodent transmembrane domain.
[0522] In exemplary embodiment 228, provided herein is the rodent of embodiment
226, wherein the FceR 1a polypeptide further comprises a human transmembrane domain.
[0523] In exemplary embodiment 229, provided herein is the rodent of any one of
embodiments 226 to 228 wherein the FceR1a polypeptide further comprises a rodent
cytoplasmic domain.

[0524] In exemplary embodiment 230, provided herein is the rodent of any one of
embodiments 226 to 228, wherein the FceR1a polypeptide further comprises a human
cytoplasmic domain.

[0525] In exemplary embodiment 231, provided herein is the rodent of any one of
embodiment 226 to 230, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR1a locus.

[0526] In exemplary embodiment 232, provided herein is the rodent of embodiment
231, wherein the nucleic acid sequence encoding the FceR1a polypeptide replaces all or
part of an endogenous rodent FceR1a, gene.

[0527] In exemplary embodiment 233, provided herein is the rodent of embodiment
232, wherein the FceR 1a polypeptide comprises a human extracellular domain, a human
transmembrane domain and a human cytoplasmic domain.

[0528] In exemplary embodiment 234, provided herein is the rodent of embodiment
226, wherein the nucleic acid sequence encoding the human FceR 10 extracellular domain
replaces an endogenous nucleic acid sequence encoding a rodent FceR1a extracellular
domain.

[0529] In exemplary embodiment 235, provided herein is the rodent of any one of
embodiments 226 to 234, wherein the rodent does not express a rodent FceR1a.

[0530] In exemplary embodiment 236, provided herein is the rodent of any one of
embodiments 226 to 235, wherein the rodent is heterozygous for the engineered FceR1a
locus.

[0531] In exemplary embodiment 237, provided herein is the rodent of any one of
embodiments 226 to 235, wherein the rodent is homozygous for the engineered FceR1a
locus.

[0532] In exemplary embodiment 238, provided herein is the rodent of any one of

embodiments 1 to 237, wherein the rodent is a mouse.
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[0533] In exemplary embodiment 239, provided herein is the rodent of any one of
embodiments 1 to 237, wherein the rodent is a rat.

[0534] In exemplary embodiment 240, provided herein is a method of testing a
therapeutic protein comprising a human Fc domain, the method comprising administering
the therapeutic protein to a rodent of any one of embodiments 1 to 207 and measuring one
or more pharmacokinetic properties of the administered therapeutic protein.

[0535] In exemplary embodiment 241, provided herein is the method of
embodiment 240, wherein the one or more pharmacokinetic properties are selected from
one or more of area under the plasma concentration versus time (AUC), in vivo recovery
(IVR), clearance rate (CL), mean residence time (MRT), agent half-life (t!2), and volume of
distribution at steady state (Vss).

[0536] In exemplary embodiment 242, provided herein is a method of testing the
therapeutic efficacy of a therapeutic protein comprising a human Fc domain, the method
comprising administering the therapeutic protein to a rodent of any one of embodiments 1
to 207 and measuring the therapeutic efficacy of the administered therapeutic protein.
[0537] In exemplary embodiment 243, provided herein is a method of determining a
therapeutically effective dose of a therapeutic protein comprising a human Fc domain, the
method comprising administering a plurality of doses of the therapeutic protein to a rodent
of any one of embodiments 1 to 207 and determining a therapeutic efficacy of each dose of
the therapeutic protein.

[0538] In exemplary embodiment 244, provided herein is a method of determining a
safe dose of a therapeutic protein comprising a human Fc domain, the method comprising
administering a plurality of doses of the therapeutic protein to a rodent of any one of
embodiments 1 to 207 and determining the safety of each dose of the therapeutic protein.
[0539] In exemplary embodiment 245, provided herein is a method of determining a
tolerable dose of a therapeutic protein comprising a human Fc domain, the method
comprising administering a plurality of doses of the therapeutic protein to a rodent of any
one of embodiments 1 to 207 and determining the tolerability of each dose of the
therapeutic protein.

[0540] In exemplary embodiment 246, provided herein is a method of testing a
therapeutic protein comprising a human Fc¢ domain, the method comprising administering
the therapeutic protein to a rodent of any one of embodiments 148 to 239 and measuring

one or more Fc receptor mediated responses in the rodent.
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[0541] In exemplary embodiment 247, provided herein is the method of
embodiment 246, wherein the one or more Fc receptor mediated responses comprise an
ADCC response.

[0542] In exemplary embodiment 248, provided herein is a method of screening a
therapeutic agent comprising a human Fc region of a human antibody comprising: (a)
administering an agent comprising an Fc region of a human antibody to a rodent of any one
of embodiments 148 to 239, wherein the agent binds to a target cell in the mouse; (b)
measuring antibody-dependent cell-mediated cytotoxicity (ADCC) of natural killer (NK)
cells against the target cell; and (c) comparing the amount of ADCC in step (b) to a control,
wherein increased target cell killing indicates the agent has increased ability to mediate
ADCC.

[0543] In exemplary embodiment 249, provided herein is a method of measuring an
immune response generated by a rodent against a therapeutic protein comprising a human
Fc domain, the method comprising administering the therapeutic protein to a rodent of any
one of embodiments 1 to 207 and measuring the immune response generated by a rodent
against a therapeutic protein.

[0544] In exemplary embodiment 250, provided herein is the method of any one of
embodiments 240 to 249, wherein the therapeutic protein is a human antibody.

[0545] In exemplary embodiment 251, provided herein is the method of any one of
embodiments 240 to 249, wherein the therapeutic protein is an Fc fusion protein.

[0546] In exemplary embodiment 252, provided herein is the method of any one of
embodiments 240 to 251, wherein the human Fc domain is a human IgG1 Fc domain.
[0547] In exemplary embodiment 253, provided herein is the method embodiment
252, wherein the therapeutic protein is a human IgG1 antibody.

[0548] In exemplary embodiment 254, provided herein is the method of
embodiment 252, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG1 Fc domain.

[0549] In exemplary embodiment 255, provided herein is the method of any one of
embodiments 252 to 254, wherein the Cu gene segment encoding an IgG constant domain
comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a Cy1 gene

segment.
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[0550] In exemplary embodiment 256, provided herein is the method of any one of
embodiments 240 to 251, wherein the human Fc domain is a human IgG2 Fc domain.
[0551] In exemplary embodiment 257, provided herein is the method embodiment
256, wherein the therapeutic protein is a human IgG2 antibody.

[0552] In exemplary embodiment 258, provided herein is the method of
embodiment 256, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG2 Fc domain.

[0553] In exemplary embodiment 259, provided herein is the method of any one of
embodiments 256 to 258, wherein the Cu gene segment encoding an IgG constant domain
comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a Cy2 gene
segment.

[0554] In exemplary embodiment 260, provided herein is the method of any one of
embodiments 240 to 251, wherein the human Fc domain is a human IgG3 Fc domain.
[0555] In exemplary embodiment 261, provided herein is the method embodiment
260, wherein the therapeutic protein is a human IgG3 antibody.

[0556] In exemplary embodiment 262, provided herein is the method of
embodiment 260, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG3 Fc domain.

[0557] In exemplary embodiment 263, provided herein is the method of any one of
embodiments 260 to 262, wherein the Cu gene segment encoding an IgG constant domain
comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a Cy3 gene
segment.

[0558] In exemplary embodiment 264, provided herein is the method of any one of
embodiments 240 to 251, wherein the human Fc domain is a human IgG4 Fc domain.
[0559] In exemplary embodiment 265, provided herein is the method embodiment
264, wherein the therapeutic protein is a human IgG4 antibody.

[0560] In exemplary embodiment 266, provided herein is the method of
embodiment 264, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG4 Fc domain.

[0561] In exemplary embodiment 267, provided herein is the method of any one of

embodiments 264 to 266, wherein the Cu gene segment encoding an IgG constant domain
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comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a Cys gene
segment.

[0562] In exemplary embodiment 268, provided herein is the method of any one of
embodiments 250, 252, 253, 255-257, 259-261, 263-265, and 267, wherein the therapeutic
protein is a human antibody with a k light chain and the rodent expresses antibodies
comprising human « light chains.

[0563] In exemplary embodiment 269, provided herein is the method of any one of
embodiments 250, 252, 253, 255-257, 259-261, 263-265, and 267, wherein the therapeutic
protein is a human antibody with a A light chain and the rodent expresses antibodies
comprising human A light chains.

[0564] In exemplary embodiment 270, provided herein is the method of any one of
embodiments 240 to 269, wherein the rodent is a mouse.

[0565] In exemplary embodiment 271, provided herein is the method of any one of
embodiments 240 to 269, wherein the rodent is a rat.

[0566] In exemplary embodiment 272, provided herein is an animal model for
testing a therapeutic protein comprising a human Fc domain, wherein the model comprises
administering the therapeutic protein to a rodent of any one of embodiments 1 to 207 and
measuring one or more pharmacokinetic properties of the administered therapeutic protein.
[0567] In exemplary embodiment 273, provided herein is the animal model of
embodiment 272, wherein the one or more pharmacokinetic properties are selected from
one or more of area under the plasma concentration versus time (AUC), in vivo recovery
(IVR), clearance rate (CL), mean residence time (MRT), agent half-life (t!2), and volume of
distribution at steady state (Vss).

[0568] In exemplary embodiment 274, provided herein is an animal model for
testing the therapeutic efficacy of a therapeutic protein comprising a human Fc¢ domain, the
animal model comprising administering the therapeutic protein to a rodent of any one of
embodiments 1 to 207 and measuring the therapeutic efficacy of the administered
therapeutic protein.

[0569] In exemplary embodiment 275, provided herein is an animal model for
determining a therapeutically effective dose of a therapeutic protein comprising a human F¢

domain, the animal model comprising administering a plurality of doses of the therapeutic
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protein to a rodent of any one of embodiments 1 to 207 and determining a therapeutic
efficacy of each dose of the therapeutic protein.

[0570] In exemplary embodiment 276, provided herein is an animal model for
determining a safe dose of a therapeutic protein comprising a human Fc domain, the animal
model comprising administering a plurality of doses of the therapeutic protein to a rodent of
any one of embodiments 1 to 207 and determining the safety of each dose the therapeutic
protein.

[0571] In exemplary embodiment 277, provided herein is an animal model for
determining a tolerable dose of a therapeutic protein comprising a human Fc domain, the
animal model comprising administering a plurality of doses of the therapeutic protein to a
rodent of any one of embodiments 1 to 207 and determining the tolerability of each dose the
therapeutic protein.

[0572] In exemplary embodiment 278, provided herein is an animal model for
testing a therapeutic protein comprising a human Fc domain, the animal model comprising
administering the therapeutic protein to a rodent of any one of embodiments 148 to 239 and
measuring one or more Fc receptor mediated responses in the rodent.

[0573] In exemplary embodiment 279, provided herein is the animal model of
embodiment 278, wherein the one or more Fc receptor mediated responses comprise an
ADCC response.

[0574] In exemplary embodiment 280, provided herein is an animal model for
screening a therapeutic agent comprising a human Fc region of a human antibody, the
animal model comprising: (a) administering an agent comprising an Fc region of a human
antibody to a rodent of any one of embodiments 148 to 239, wherein the agent binds to a
target cell in the mouse; (b) measuring antibody-dependent cell-mediated cytotoxicity
(ADCC) of natural killer (NK) cells against the target cell; and (c) comparing the amount of
ADCC in step (b) to a control, wherein increased target cell killing indicates the agent has
increased ability to mediate ADCC.

[0575] In exemplary embodiment 281, provided herein is an animal model for
measuring an immune response generated by a rodent against a therapeutic protein
comprising a human Fc domain, the animal model comprising administering the therapeutic
protein to a rodent of any one of embodiments 1 to 207 and measuring the immune

response generated by a rodent against a therapeutic protein.
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[0576] In exemplary embodiment 282, provided herein is the animal model of any
one of embodiments 272 to 281, wherein the therapeutic protein is a human antibody.
[0577] In exemplary embodiment 283, provided herein is the animal model of any
one of embodiments 272 to 281 wherein the therapeutic protein is an Fc fusion protein.
[0578] In exemplary embodiment 284, provided herein is the animal model of any
one of embodiments 272 to 283, wherein the human Fc domain is a human IgG1 Fc
domain.

[0579] In exemplary embodiment 285, provided herein is the animal model of
embodiment 284, wherein the therapeutic protein is a human IgG1 antibody.

[0580] In exemplary embodiment 286, provided herein is the animal model of
embodiment 284, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG1 Fc domain.

[0581] In exemplary embodiment 287, provided herein is the animal model of any
one of embodiments 272 to 286, wherein the Cu gene segment encoding an IgG constant
domain comprising a human Cul domain, a human hinge region, a human Cu2 domain, a
human Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a
Cy1 gene segment.

[0582] In exemplary embodiment 288, provided herein is the animal model of any
one of embodiments 272 to 283, wherein the human Fc domain is a human IgG2 Fc
domain.

[0583] In exemplary embodiment 289, provided herein is the animal model of
embodiment 288, wherein the therapeutic protein is a human IgG2 antibody.

[0584] In exemplary embodiment 290, provided herein is the animal model of
embodiment 288, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG2 Fc domain.

[0585] In exemplary embodiment 291, provided herein is the animal model of any
one of embodiments 288 to 290, wherein the Cu gene segment encoding an IgG constant
domain comprising a human Cul domain, a human hinge region, a human Cu2 domain, a
human Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a
Cy2 gene segment.

[0586] In exemplary embodiment 292, provided herein is the animal model of any
one of embodiments 272 to 283, wherein the human Fc domain is a human IgG3 Fc

domain.
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[0587] In exemplary embodiment 293, provided herein is the animal model
embodiment 292, wherein the therapeutic protein is a human IgG3 antibody.

[0588] In exemplary embodiment 294, provided herein is the animal model of
embodiment 292, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG3 Fc domain.

[0589] In exemplary embodiment 295, provided herein is the animal model of any
one of embodiments 292 to 294, wherein the Cu gene segment encoding an IgG constant
domain comprising a human Cul domain, a human hinge region, a human Cu2 domain, a
human Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a
Cy3 gene segment.

[0590] In exemplary embodiment 296, provided herein is the animal model of any
one of embodiments 272 to 283, wherein the human Fc domain is a human IgG4 Fc
domain.

[0591] In exemplary embodiment 297, provided herein is the animal model of
embodiment 296, wherein the therapeutic protein is a human IgG4 antibody.

[0592] In exemplary embodiment 298, provided herein is the animal model of
embodiment 296, wherein the therapeutic protein is an Fc fusion protein comprising a
human IgG4 Fc domain.

[0593] In exemplary embodiment 299, provided herein is the animal model of any
one of embodiments 296 to 298, wherein the Cu gene segment encoding an IgG constant
domain comprising a human Cul domain, a human hinge region, a human Cu2 domain, a
human Cn3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain is a
Cy gene segment.

[0594] In exemplary embodiment 300, provided herein is the animal model of any
one of embodiments 282, 284, 285, 287-289, 291-293, 295-297, and 299, wherein the
therapeutic protein is a human antibody with a « light chain and the rodent expresses
antibodies comprising human « light chains.

[0595] In exemplary embodiment 301, provided herein is the animal model of any
one of embodiments 282, 284, 285, 287-289, 291-293, 295-297, and 299, wherein the
therapeutic protein is a human antibody with a A light chain and the rodent expresses
antibodies comprising human A light chains.

[0596] In exemplary embodiment 302, provided herein is the animal model of any

one of embodiments 272 to 301, wherein the rodent is a mouse.
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[0597] In exemplary embodiment 303, provided herein is the animal model of any
one of embodiments 272 to 301, wherein the rodent is a rat.

[0598] In exemplary embodiment 304, provided herein is a rodent embryonic stem
(ES) cell comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a Vu gene
segment, a Du gene segment and a Ju gene segment; and (ii) an immunoglobulin heavy
chain constant region comprising a Cu gene segment encoding an IgG constant domain
comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain, wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin

heavy chain constant region.

[0599] In exemplary embodiment 305, provided herein is the rodent ES cell of
embodiment 304, wherein the IgG transmembrane domain is a rodent IgG transmembrane
domain.

[0600] In exemplary embodiment 306, provided herein is the rodent ES cell of
embodiment 304, wherein the IgG transmembrane domain is a human IgG transmembrane
domain.

[0601] In exemplary embodiment 307, provided herein is the rodent ES cell of any

one of embodiments 304 to 306, wherein the IgG cytoplasmic domain is a rodent IgG
cytoplasmic domain.

[0602] In exemplary embodiment 308, provided herein is the rodent ES cell of any
one of embodiments 304 to 306, wherein the IgG cytoplasmic domain is a human IgG
cytoplasmic domain.

[0603] In exemplary embodiment 309, provided herein is the rodent ES cell of any
one of embodiments 304 to 308, wherein the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG1 domains.

[0604] In exemplary embodiment 310, provided herein is the rodent ES cell of
embodiment 309, wherein the IgG1 domain is encoded by an allele selected from
IGHG1*01, IGHG1*02, IGHG1*03, IGHG1*04 and IGHG1*05.

[0605] In exemplary embodiment 311, provided herein is the rodent ES cell of any
one of embodiments 304 to 308, wherein the human Cul domain, the human hinge region,

the human Cu2 domain and the human Cu3 domain are IgG2 domains.
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[0606] In exemplary embodiment 312, provided herein is the rodent ES cell of
embodiment 311, wherein the IgG2 domain is encoded by an allele selected from
IGHG2*01, IGHG2*02, IGHG2*03, IGHG2*04, IGHG2*05 and IGHG2*06.

[0607] In exemplary embodiment 313, provided herein is the rodent ES cell of any
one of embodiments 304 to 308, wherein the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG3 domains.

[0608] In exemplary embodiment 314, provided herein is the rodent ES cell of
embodiment 313, wherein the IgG3 domain is encoded by an allele selected from
IGHG3*01, IGHG3*02, IGHG3*03, IGHG3*04, IGHG3*05, IGHG3*06, IGHG3*07,
IGHG3*08, IGHG3*09, IGHG3*10, IGHG3*11, IGHG3*12, IGHG3*13, IGHG3*14,
IGHG3*15, IGHG3*16, IGHG3*17, IGHG3*18 and IGHG3*19.

[0609] In exemplary embodiment 315, provided herein is the rodent ES cell of any
one of embodiments 304 to 308, wherein the human Cul domain, the human hinge region,
the human Cu2 domain and the human Cu3 domain are IgG4 domains.

[0610] In exemplary embodiment 316, provided herein is the rodent ES cell of
embodiment 315, wherein the IgG4 domain is encoded by an allele selected from
IGHG4*01, IGHG4*02, IGHG4*03 and IGHG4*04.

[0611] In exemplary embodiment 317, provided herein is the rodent ES cell of any
one of embodiments 309 to 316, wherein the Cu gene segment encoding the human Cxul
domain, the human hinge region, the human Ca2 domain and the human Cu3 domain is
located at an endogenous Cyza or Cyc gene segment locus.

[0612] In exemplary embodiment 318, provided herein is the rodent ES cell of
embodiment 317, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cyza or Cyzc gene segment.

[0613] In exemplary embodiment 319, provided herein is the rodent ES cell of any
one of embodiments 309 to 316, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Cu2 domain and the human Cu3 domain is
located at an endogenous Cy1 gene segment locus.

[0614] In exemplary embodiment 320, provided herein is the rodent ES cell of
embodiment 319, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an

endogenous Cy1 gene segment.
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[0615] In exemplary embodiment 321, provided herein is the rodent ES cell of any
one of embodiments 309 to 316, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Cu2 domain and the human Cu3 domain is
located at an endogenous Cyav gene segment locus.

[0616] In exemplary embodiment 322, provided herein is the rodent ES cell of
embodiment 321, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cyab gene segment.

[0617] In exemplary embodiment 323, provided herein is the rodent ES cell of any
one of embodiments 309 to 316, wherein the Cu gene segment the human Cal domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cy3 gene segment locus.

[0618] In exemplary embodiment 324, provided herein is the rodent ES cell of
embodiment 323, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cys gene segment.

[0619] In exemplary embodiment 325, provided herein is the rodent ES cell of any
one of embodiments 304 to 324, wherein the immunoglobulin heavy chain constant region
further comprises a rodent C, gene segment.

[0620] In exemplary embodiment 326, provided herein is the rodent ES cell of any
one of embodiments 304 to 324, wherein the immunoglobulin heavy chain constant region
further comprises a human Cy gene segment.

[0621] In exemplary embodiment 327, provided herein is the rodent ES cell of any
one of embodiments 304 to 326, wherein the immunoglobulin heavy chain constant region
further comprises a rodent Cs gene segment.

[0622] In exemplary embodiment 328, provided herein is the rodent ES cell of any
one of embodiments 304 to 326, wherein the immunoglobulin heavy chain constant region
further comprises a human Cs gene segment.

[0623] In exemplary embodiment 329, provided herein is the rodent ES cell of any
one of embodiments 304 to 328, wherein the immunoglobulin heavy chain constant region

further comprises a rodent Cy1 gene segment.
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[0624] In exemplary embodiment 330, provided herein is the rodent ES cell of any
one of embodiments 304 to 329, wherein the immunoglobulin heavy chain constant region
further comprises a rodent Cy2a and/or Cy2c gene segment.

[0625] In exemplary embodiment 331, provided herein is the rodent ES cell of any
one of embodiments 304 to 330, wherein the immunoglobulin heavy chain constant region
further comprises a rodent Cy2b gene segment.

[0626] In exemplary embodiment 332, provided herein is the rodent ES cell of any
one of embodiments 304 to 331, wherein the immunoglobulin heavy chain constant region
further comprises a rodent Cy3 gene segment.

[0627] In exemplary embodiment 333, provided herein is the rodent ES cell of any
one of embodiments 304 to 332, wherein the immunoglobulin heavy chain constant region
further comprises a rodent C: gene segment.

[0628] In exemplary embodiment 334, provided herein is the rodent ES cell of any
one of embodiments 304 to 332, wherein the immunoglobulin heavy chain constant region
further comprises a human Ce gene segment.

[0629] In exemplary embodiment 335,provided herein is the rodent ES cell of any
one of embodiments 304 to 334, wherein the immunoglobulin heavy chain constant region
further comprises a rodent Co gene segment.

[0630] In exemplary embodiment 336, provided herein is the rodent ES cell of any
one of embodiments 304 to 334, wherein the immunoglobulin heavy chain constant region
further comprises a human Cq gene segment.

[0631] In exemplary embodiment 337, provided herein is the rodent ES cell of any
one of embodiments 304 to 324, wherein the immunoglobulin heavy chain constant region
comprises a human C, gene segment, a human Cs gene segment, a human Cy3 gene segment
and a human Cy1 gene segment.

[0632] In exemplary embodiment 338, provided herein is the rodent ES cell of
embodiment 337, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment and a human Cy4 gene segment.

[0633] In exemplary embodiment 339, provided herein is the rodent ES cell of
embodiment 337 or embodiment 338, wherein the immunoglobulin heavy chain constant

region further comprises a human Cq gene segment.
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[0634] In exemplary embodiment 340, provided herein is the rodent ES cell of any
one of embodiments 337 to 339, wherein the immunoglobulin heavy chain constant region
further comprises a human Ce gene segment.

[0635] In exemplary embodiment 341, provided herein is the rodent ES cell of any
one of embodiments 304 to 340, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent intronic enhancer (Ei).

[0636] In exemplary embodiment 342, provided herein is the rodent ES cell of any
one of embodiments 304 to 340, wherein the engineered immunoglobulin heavy chain locus
further comprises a human intronic enhancer (Ei).

[0637] In exemplary embodiment 343, provided herein is the rodent ES cell of any
one of embodiments 304 to 342, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent 3’ regulatory region (3' RR).

[0638] In exemplary embodiment 344, provided herein is the rodent ES cell of any
one of embodiments 304 to 342, wherein the engineered immunoglobulin heavy chain locus
further comprises a human 3’ regulatory region (3’ RR).

[0639] In exemplary embodiment 345, provided herein is the rodent ES cell of any
one of embodiments 304 to 344 wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy switch site.

[0640] In exemplary embodiment 346, provided herein is the rodent ES cell of any
one of embodiments 304 to 345, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy3 switch site.

[0641] In exemplary embodiment 347, provided herein is the rodent ES cell of any
one of embodiments 304 to 346, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy1 switch site.

[0642] In exemplary embodiment 348, provided herein is the rodent ES cell of any
one of embodiments 304 to 347, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy switch site.

[0643] In exemplary embodiment 349, provided herein is the rodent ES cell of any
one of embodiments 304 to 348, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Syza and/or Syzc switch site.

[0644] In exemplary embodiment 350, provided herein is the rodent ES cell of any
one of embodiments 304 to 349, wherein the engineered immunoglobulin heavy chain locus

further comprises a rodent Se switch site.
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[0645] In exemplary embodiment 351, provided herein is the rodent ES cell of any
one of embodiments 304 to 350, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sa switch site.

[0646] In exemplary embodiment 352, provided herein is the rodent of any one of
embodiments 304 to 344, wherein the engineered immunoglobulin heavy chain locus
further comprises a human S, switch site.

[0647] In exemplary embodiment 353, provided herein is the rodent of any one of
embodiments 304 to 344 and 352, wherein the engineered immunoglobulin heavy chain
locus further comprises a human Sy3 switch site.

[0648] In exemplary embodiment 354, provided herein is the rodent of any one of
embodiments 304 to 344 and 352-353, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sy1 switch site.

[0649] In exemplary embodiment 355, provided herein is the rodent of any one of
embodiments 304 to 344 and 352-354, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sy2 switch site.

[0650] In exemplary embodiment 356, provided herein is the rodent of any one of
embodiments 304 to 344 and 352-355, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sys switch site.

[0651] In exemplary embodiment 357, provided herein is the rodent of any one of
embodiments 304 to 344 and 352-356, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Se switch site.

[0652] In exemplary embodiment 358 provided herein is the rodent of any one of
embodiments 304 to 344 and 352-357, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sq switch site.

[0653] In exemplary embodiment 359, provided herein is the rodent ES cell of any
one of embodiments 304 to 358, wherein the Vu gene segment is a rodent Vu gene segment,
the Du gene segment is a rodent Du gene segment and the Ju gene segment is a rodent Ju
gene segment.

[0654] In exemplary embodiment 360, provided herein is the rodent ES cell of
embodiment 359, wherein the rodent Vu gene segment, the rodent Du gene segment and the
rodent Ju gene segment are endogenous rodent gene segments.

[0655] In exemplary embodiment 361, provided herein is the rodent ES cell of any

one of embodiments 304 to 358, wherein the Vu gene segment is a human Vu gene
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segment, the Du gene segment is a human Du gene segment and the Ju gene segment is a
human Ju gene segment.

[0656] In exemplary embodiment 362, provided herein is the rodent ES cell of
embodiment 361, wherein the immunoglobulin heavy chain variable region comprises at
least 3 human Vu gene segments.

[0657] In exemplary embodiment 363, provided herein is the rodent ES cell of
embodiment 361 or embodiment 362, wherein the immunoglobulin heavy chain variable
region comprises all of the human Du gene segments.

[0658] In exemplary embodiment 364, provided herein is the rodent ES cell of any
one of embodiments 361 to 363, wherein the immunoglobulin heavy chain variable region
comprises all of the human Ju gene segments.

[0659] In exemplary embodiment 365, provided herein is the rodent ES cell of any
one of embodiments 361 to 364, wherein the immunoglobulin heavy chain variable region
lacks a functional endogenous rodent Adamo6 gene.

[0660] In exemplary embodiment 366, provided herein is the rodent ES cell of any
one of embodiments 361 to 365, wherein the germline genome further comprises a
nucleotide sequence encoding a functional rodent Adam6 polypeptide, a functional
ortholog, a functional homolog, or a functional fragment thereof.

[0661] In exemplary embodiment 367, provided herein is the rodent ES cell of
embodiment 366, wherein the functional rodent Adamé polypeptide, the functional
ortholog, the functional homolog, or the functional fragment thereof is expressed.

[0662] In exemplary embodiment 368, provided herein is the rodent ES cell of
embodiment 366 or embodiment 367, wherein the nucleotide sequence encoding the rodent
ADAMSG polypeptide, the functional ortholog, the functional homolog, or the functional
fragment thereof is included on the same chromosome as the immunoglobulin heavy chain
variable region.

[0663] In exemplary embodiment 369, provided herein is the rodent ES cell of any
one of embodiments 366 to 368, wherein the nucleotide sequence encoding the rodent
ADAMSG polypeptide, the functional ortholog, the functional homolog, or the functional
fragment thereof is included in the engineered immunoglobulin heavy chain locus.

[0664] In exemplary embodiment 370, provided herein is the rodent ES cell of any

one of embodiments 366 to 369, wherein the nucleotide sequence encoding the rodent
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ADAMSG polypeptides, the functional ortholog, the functional homolog, or the functional
fragment thereof is in place of a human Adam6 pseudogene.

[0665] In exemplary embodiment 371, provided herein is the rodent ES cell of any
one of embodiments 366 to 370, wherein the nucleotide sequence encoding the rodent
ADAMG6 polypeptide, the functional ortholog, the functional homolog, or the functional
fragment thereof replaces a human Adam6 pseudogene.

[0666] In exemplary embodiment 372, provided herein is the rodent ES cell of any
one of embodiments 366 to 371, wherein the nucleotide sequence encoding the rodent
ADAMSG polypeptide, the functional ortholog, the functional homolog, or the functional
fragment thereof is between a first human Vu gene segment and a second human Vu gene
segment.

[0667] In exemplary embodiment 373, provided herein is the rodent ES cell of
embodiment 372, wherein the first human Vu gene segment is Vul-2 and the second human
Vu gene segment is Vu6-1.

[0668] In exemplary embodiment 374, provided herein is the rodent ES cell of any
one of embodiments 366 to 369, wherein the nucleotide sequence encoding the rodent
ADAMG polypeptides, the functional ortholog, the functional homolog, or the functional
fragment thereof is between a human Vu gene segment and a human Du gene segment.
[0669] In exemplary embodiment 375, provided herein is the rodent ES cell of any
one of embodiments 304 to 374, wherein the engineered immunoglobulin heavy chain locus
is positioned at an endogenous immunoglobulin heavy chain locus.

[0670] In exemplary embodiment 376, provided herein is the rodent ES cell of
embodiment 375, wherein the engineered immunoglobulin heavy chain locus replaces all or
part of the endogenous immunoglobulin heavy chain locus.

[0671] In exemplary embodiment 377, provided herein is the rodent ES cell of any
one of embodiments 304 to 376, wherein the rodent is heterozygous for the engineered
immunoglobulin heavy chain locus.

[0672] In exemplary embodiment 378, provided herein is the rodent ES cell of any
one of embodiments 304 to 376, wherein the rodent is homozygous for the engineered
immunoglobulin heavy chain locus.

[0673] In exemplary embodiment 379, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that

comprises: (1) an immunoglobulin heavy chain variable region comprising a human Vu gene
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segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent intronic
enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a) a rodent
Cy gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d) a rodent
Cy1 gene segment; (e) a rodent Cyzb gene segment; (f) a modified Cu gene segment encoding
a human IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Cu2 domain, a
human IgG1 Cu3 domain, a rodent IgG2a transmembrane domain, and a rodent IgG2a
cytoplasmic domain; (g) a rodent Ce gene segment; and (h) a rodent Cq gene segment; and
(iv) arodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region.
[0674] In exemplary embodiment 380, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a)
a rodent C, gene segment; (b) a rodent Cs gene segment; (c¢) a rodent Cy3 gene segment; (d)
a rodent Cy1 gene segment; (e) a rodent Cyzb gene segment; (f) a modified Cu gene segment
encoding a human IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Cu2
domain, a human IgG1 Cu3 domain, a human IgG1 transmembrane domain, and a human
IgG1 cytoplasmic domain; (g) a rodent C. gene segment; and (h) a rodent Cq gene segment;
and (iv) a rodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region.
[0675] In exemplary embodiment 381, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a)
a rodent C, gene segment; (b) a rodent Cs gene segment; (¢) a rodent Cy3 gene segment; (d)
a modified Cu gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge
region, a human IgG4 Cu2 domain, a human IgG4 Cu3 domain, a rodent IgG1
transmembrane domain, and a rodent IgG1 cytoplasmic domain; (e) a rodent Cy2b gene
segment; (f) a rodent Cy2a and/or Cyac gene segment; (g) a rodent Ce gene segment; and (h) a

rodent Cq gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
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immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region.

[0676] In exemplary embodiment 382, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising:
(a) a rodent Cy gene segment; (b) a rodent Cs gene segment; (¢) a rodent Cy3 gene segment;
(d) a modified Cu gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge
region, a human IgG4 Cu2 domain, a human IgG4 Cu3 domain, a human IgG4
transmembrane domain, and a human IgG4 cytoplasmic domain; (e) a rodent Cy2b gene
segment; (f) a rodent Cy2a and/or Cyac gene segment; (g) a rodent Ce gene segment; and (h) a
rodent Cq gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region.

[0677] In exemplary embodiment 383, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Dy gene segment and a human Ju gene segment; (ii) a human
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)
a human C, gene segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment;
(d) a human Cy1 gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region.

[0678] In exemplary embodiment 384, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (i1) a human
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a)
a human Cy segment; (b) a human Cs gene segment; (c) a human Cy3 gene segment; (d) a
human Cy1 gene segment; (¢) a human Cy2 gene segment; (d) a human Cys gene segment;
and (iv) a rodent 3’ regulatory region (3° RR), wherein the immunoglobulin heavy chain

variable region is operably linked to the immunoglobulin heavy chain constant region.
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[0679] In exemplary embodiment 385, provided herein is a rodent ES cell
comprising in its genome: an endogenous immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a rodent Vu gene
segment, a rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent intronic
enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a) a
human C, gene segment; (b) a r human Cs gene segment; (c) a human Cy3 gene segment; (d)
a human Cy1 gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region.

[0680] In exemplary embodiment 386, provided herein is a rodent ES cell
comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a rodent Vu gene
segment, a rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent intronic
enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a) a
human C, gene segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment; (d)
a human Cy1 gene segment; (¢) a human Cy2 gene segment; (d) a human Cy4 gene segment;
and (iv) a rodent 3’ regulatory region (3’ RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region.
[0681] In exemplary embodiment 387, provided herein is the rodent ES cell of any
one of embodiments 304 to 386 further comprising in its genome: an engineered
immunoglobulin kappa (k) chain locus that comprises: (1) an immunoglobulin k chain
variable region comprising a human Vg gene segment and a human Jx gene segment; and
(2) an immunoglobulin k chain constant region comprising a human Ck gene segment,
wherein the immunoglobulin k chain variable region is operably linked to the
immunoglobulin k chain constant region.

[0682] In exemplary embodiment 388, provided herein is the rodent ES cell of
embodiment 387, wherein the engineered immunoglobulin k chain locus further comprises
a rodent intronic ¥ enhancer (Exi).

[0683] In exemplary embodiment 389, provided herein is the rodent ES cell of
embodiment 387, wherein the engineered immunoglobulin k chain locus further comprises

a human intronic k enhancer (Exi).
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[0684] In exemplary embodiment 390, provided herein is the rodent ES cell of any
one of embodiments 387 to 389, wherein the engineered immunoglobulin k chain locus
further comprises a rodent 3’ k enhancer (Exs).

[0685] In exemplary embodiment 391, provided herein is the rodent ES cell of any
one of embodiments 387 to 389, wherein the engineered immunoglobulin k chain locus
further comprises a human 3’ k enhancer (Ews’).

[0686] In exemplary embodiment 392, provided herein is the rodent ES cell of any
one of embodiments 387 to 391, wherein the engineered immunoglobulin k chain variable
region comprises at least 6 human Vi« gene segments.

[0687] In exemplary embodiment 393, provided herein is the rodent ES cell of
embodiment 387 or embodiment 392, wherein the engineered immunoglobulin k chain
variable region comprises all of the human J« gene segments.

[0688] In exemplary embodiment 394, provided herein is the rodent ES cell of any
one of embodiments 387 to 393, wherein engineered the immunoglobulin k chain locus is
positioned at an endogenous immunoglobulin « chain locus.

[0689] In exemplary embodiment 395, provided herein is the rodent ES cell of
embodiment 394, wherein the engineered immunoglobulin « chain locus replaces all or part
of the endogenous immunoglobulin k chain locus.

[0690] In exemplary embodiment 396, provided herein is the rodent ES cell of any
one of embodiments 387 to 395, wherein the rodent is heterozygous for the engineered
immunoglobulin « chain locus.

[0691] In exemplary embodiment 397, provided herein is the rodent ES cell of any
one of embodiments 387 to 395, wherein the rodent is homozygous for the engineered
immunoglobulin k chain locus.

[0692] In exemplary embodiment 398, provided herein is the rodent ES cell of any
one of embodiments 304 to 397 further comprising in its genome: an engineered
immunoglobulin lambda () chain locus that comprises: a human Vi gene segment, a
human Ji. gene segment and a human Ci. gene segment, wherein the human Vi gene
segment and the human J). gene segment are operably linked to the human C. gene segment.
[0693] In exemplary embodiment 399, provided herein is the rodent ES cell of
embodiment 398, wherein the human Cy. gene segment is a human Ci.1 gene segment.
[0694] In exemplary embodiment 400, provided herein is the rodent ES cell of

embodiment 399, wherein the human Ji. gene segment is a human Ji1 gene segment.
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[0695] In exemplary embodiment 401, provided herein is the rodent ES cell of
embodiment 398, wherein the human C». gene segment is a human C2 gene segment.
[0696] In exemplary embodiment 402, provided herein is the rodent ES cell of
embodiment 401, wherein the human Ji. gene segment is a human Ji2 gene segment.

[0697] In exemplary embodiment 403, provided herein is the rodent ES cell of
embodiment 398, wherein the human Cy. gene segment is a human Ci3 gene segment.
[0698] In exemplary embodiment 404, provided herein is the rodent ES cell of
embodiment 403, wherein the human Ji. gene segment is a human Ji3 gene segment.

[0699] In exemplary embodiment 405, provided herein is the rodent ES cell of
embodiment 398, wherein the human Cy. gene segment is a human Cis gene segment.
[0700] In exemplary embodiment 406, provided herein is the rodent ES cell of
embodiment 405, wherein the human Ji. gene segment is a human Jis gene segment.
[0701] In exemplary embodiment 407, provided herein is the rodent ES cell of
embodiment 398, wherein the human Ji. gene segment is a human Ji7 gene segment.
[0702] In exemplary embodiment 408, provided herein is the rodent ES cell of any
one of embodiments 398 to 407, wherein the engineered immunoglobulin A chain locus
comprises a human Cy.1 gene segment, a human Ci2 gene segment, a human Ci3 gene
segment, a human Cis gene segment and a rodent C11 gene segment.

[0703] In exemplary embodiment 409, provided herein is the rodent ES cell of
embodiment 408, wherein the engineered immunoglobulin A chain locus comprises a
human Ji1 gene segment, a human J2 gene segment, a human Ji3 gene segment, a human Jis
gene segment and a human Ji7 gene segment.

[0704] In exemplary embodiment 410, provided herein is the rodent ES cell of
embodiment 409, wherein the engineered immunoglobulin A chain locus comprises a
human Ji.1- C1 gene segment cluster, a human Jiz- Ci2 gene segment cluster, a human Jis-
Ci3 gene segment cluster, a human Jis- Cis gene segment cluster and a human Ji7- rodent
Cii gene segment cluster.

[0705] In exemplary embodiment 411, provided herein is the rodent ES cell of any
one of embodiments 398 to 410, wherein the engineered immunoglobulin A chain locus
comprises at least 7 human V), gene segments.

[0706] In exemplary embodiment 412, provided herein is the rodent ES cell of any
one of embodiments 398 to 411, wherein the engineered immunoglobulin A chain locus

further comprises a rodent A enhancer 2.4.
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[0707] In exemplary embodiment 413, provided herein is the rodent ES cell of any
one of embodiments 398 to 412, wherein the engineered immunoglobulin A chain locus
further comprises a rodent 3’ A enhancer.

[0708] In exemplary embodiment 414, provided herein is the rodent ES cell of any
one of embodiments 398 to 413, wherein the engineered immunoglobulin A chain locus
further comprises a rodent A enhancer 3.1.

[0709] In exemplary embodiment 415,provided herein is the rodent ES cell of any
one of embodiments 398 to 414, wherein the engineered immunoglobulin A chain locus
further comprises a human 3’ A enhancer.

[0710] In exemplary embodiment 416, provided herein is the rodent ES cell of any
one of embodiments 398 to 415, wherein the engineered immunoglobulin A chain locus is
positioned at an endogenous immunoglobulin A chain locus.

[0711] In exemplary embodiment 417, provided herein is the rodent ES cell of
embodiment 416, wherein the engineered immunoglobulin A chain locus replaces all or part
of the endogenous immunoglobulin A chain locus.

[0712] In exemplary embodiment 418, provided herein is the rodent ES cell of any
one of embodiments 398 to 417, wherein the rodent is heterozygous for the engineered
immunoglobulin A chain locus.

[0713] In exemplary embodiment 419, provided herein is the rodent ES cell of any
one of embodiments 398 to 417, wherein the rodent is homozygous for the engineered
immunoglobulin A chain locus.

[0714] In exemplary embodiment 420, provided herein is the rodent ES cell of any
one of embodiments 304 to 419, further comprising in its genome a neonatal Fc receptor
(FcRn) locus comprising a nucleic acid sequence encoding an engineered FcRn polypeptide

comprising a human extracellular domain.

[0715] In exemplary embodiment 421, provided herein is the rodent ES cell of
embodiment 420, wherein the FcRn polypeptide further comprises a rodent transmembrane
domain.

[0716] In exemplary embodiment 422, provided herein is the rodent ES cell of

embodiment 420, wherein the FcRn polypeptide further comprises a human transmembrane

domain.
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[0717] In exemplary embodiment 423, provided herein is the rodent ES cell of any
one of embodiments 420 to 422, wherein the FcRn polypeptide further comprises a rodent
cytoplasmic domain.

[0718] In exemplary embodiment 424, provided herein is the rodent ES cell of any
one of embodiments 420 to 422, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[0719] In exemplary embodiment 425, provided herein is the rodent ES cell of any
one of embodiment 420 to 424, wherein the nucleic acid sequence encoding the FcRn
polypeptide is positioned at an endogenous rodent FcRn locus.

[0720] In exemplary embodiment 426, provided herein is the rodent ES cell of
embodiment 425, wherein the nucleic acid sequence encoding the FcRn polypeptide
replaces all or part of an endogenous rodent FcRn gene.

[0721] In exemplary embodiment 427, provided herein is the rodent ES cell of
embodiment 420, wherein the nucleic acid sequence encoding the FcRn extracellular
domain replaces an endogenous nucleic acid sequence encoding a rodent FcRn extracellular
domain.

[0722] In exemplary embodiment 428, provided herein is the rodent ES cell of any
one of embodiments 420 to 427, wherein the rodent does not express a rodent FcRn.
[0723] In exemplary embodiment 429, provided herein is the rodent ES cell of any
one of embodiments 420 to 428, wherein the rodent is heterozygous for the engineered
FcRn locus.

[0724] In exemplary embodiment 430, provided herein is the rodent ES cell of any
one of embodiments 420 to 428, wherein the rodent is homozygous for the engineered
FcRn locus.

[0725] In exemplary embodiment 431, provided herein is the rodent ES cell of any
one of embodiments 420 to 430, further comprising in its genome an engineered p-2-
microglobulin (B2M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (B2M) polypeptide.

[0726] In exemplary embodiment 432, provided herein is the rodent ES cell of
embodiment 431, wherein the nucleic acid sequence encoding a human or humanized p2M

polypeptide is positioned at an endogenous rodent $2M locus.
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[0727] In exemplary embodiment 433, provided herein is the rodent ES cell of
embodiment 432, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide replaces all or part of the endogenous rodent p2M gene.

[0728] In exemplary embodiment 434, provided herein is the rodent of any one of

embodiments 431 to 433, wherein the nucleic acid sequence comprises exons 2-4 of a

human 2M gene.

[0729] In exemplary embodiment 435, provided herein is the rodent ES cell of any
one of embodiments 431 to 434, wherein the rodent does not express a rodent f2M
polypeptide.

[0730] In exemplary embodiment 436, provided herein is the rodent ES cell of any
one of embodiments 431 to 435, wherein the rodent is heterozygous for the engineered 32M
locus.

[0731] In exemplary embodiment 437, provided herein is the rodent ES cell of any
one of embodiments 431 to 435, wherein the rodent is homozygous for the engineered f2M
locus.

[0732] In exemplary embodiment 438, provided herein is the rodent ES cell of any

one of embodiments 304 to 437, further comprising in its genome an engineered Fc epsilon
receptor 1 alpha (FceR1a) locus comprising a nucleic acid sequence encoding an FceR1a
polypeptide comprising a human extracellular domain.

[0733] In exemplary embodiment 439, provided herein is the rodent ES cell of
embodiment 438, wherein the FceR1a polypeptide further comprises a rodent
transmembrane domain.

[0734] In exemplary embodiment 440, provided herein is the rodent ES cell of
embodiment 438, wherein the FceR1o polypeptide further comprises a human
transmembrane domain.

[0735] In exemplary embodiment 441, provided herein is the rodent ES cell of any
one of embodiments 438 to 440, wherein the FceR1a polypeptide further comprises a
rodent cytoplasmic domain.

[0736] In exemplary embodiment 442, provided herein is the rodent ES cell of any
one of embodiments 438 to 440, wherein the FceR1a polypeptide further comprises a

human cytoplasmic domain.
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[0737] In exemplary embodiment 443, provided herein is the rodent ES cell of any
one of embodiment 438 to 442, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR1a locus.

[0738] In exemplary embodiment 444, provided herein is the rodent ES cell of
embodiment 443, wherein the nucleic acid sequence encoding the FceR1a polypeptide
replaces all or part of an endogenous rodent FceR1a gene.

[0739] In exemplary embodiment 445, provided herein is the rodent ES cell of
embodiment 444, wherein the FceR1a polypeptide comprises a human extracellular
domain, a human transmembrane domain and a human cytoplasmic domain.

[0740] In exemplary embodiment 446, provided herein is the rodent ES cell of
embodiment 438, wherein the nucleic acid sequence encoding the human FceR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FceR1a extracellular domain.

[0741] In exemplary embodiment 447, provided herein is the rodent ES cell of any
one of embodiments 438 to 446, wherein the rodent does not express a rodent FceR1a.
[0742] In exemplary embodiment 448, provided herein is the rodent ES cell of any
one of embodiments 438 to 447, wherein the rodent is heterozygous for the engineered
FceR1a locus.

[0743] In exemplary embodiment 449, provided herein is the rodent ES cell of any
one of embodiments 438 to 447, wherein the rodent is homozygous for the engineered
FceR1a locus.

[0744] In exemplary embodiment 450, provided herein is the rodent ES cell of any
one of embodiments 304 to 449, further comprising in its genome an engineered Fc gamma
receptor 1a (FcyR1a) locus comprising a nucleic acid sequence encoding an FcyR1a
polypeptide comprising a human extracellular domain.

[0745] In exemplary embodiment 451, provided herein is the rodent ES cell of
embodiment 450, wherein the FcyR1a polypeptide further comprises a rodent
transmembrane domain.

[0746] In exemplary embodiment 452, provided herein is the rodent ES cell of
embodiment 450, wherein the FcyR1a polypeptide further comprises a human

transmembrane domain.
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[0747] In exemplary embodiment 453, provided herein is the rodent ES cell of any
one of embodiments 450 to 452, wherein the FcyR1a polypeptide further comprises a
rodent cytoplasmic domain.

[0748] In exemplary embodiment 454, provided herein is the rodent ES cell of any
one of embodiments 450 to 452, wherein the FcyR1a polypeptide further comprises a
human cytoplasmic domain.

[0749] In exemplary embodiment 455, provided herein is the rodent ES cell of any
one of embodiment 450 to 454, wherein the nucleic acid sequence encoding the FcyR1a
polypeptide is positioned at an endogenous rodent FcyR1a locus.

[0750] In exemplary embodiment 456, provided herein is the rodent ES cell of
embodiment 455, wherein the nucleic acid sequence encoding the FcyR1a polypeptide
replaces all or part of an endogenous rodent FcyR1a gene.

[0751] In exemplary embodiment 457, provided herein is the rodent ES cell of
embodiment 450, wherein the nucleic acid sequence encoding the human FcyR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FcyR1a extracellular domain.

[0752] In exemplary embodiment 458, provided herein is the rodent ES cell of any
one of embodiments 450 to 457, wherein the rodent does not express a rodent FcyR1a.
[0753] In exemplary embodiment 459, provided herein is the rodent ES cell of any
one of embodiments 450 to 458, wherein the rodent is heterozygous for the engineered
FcyR1a locus.

[0754] In exemplary embodiment 460, provided herein is the rodent ES cell of any
one of embodiments 450 to 458, wherein the rodent is homozygous for the engineered
FcyR1a locus.

[0755] In exemplary embodiment 461, provided herein is the rodent ES cell of any
one of embodiments 304 to 460, further comprising in its genome an engineered Fc gamma
receptor 2a (FcyR2a) locus comprising a nucleic acid sequence encoding a human FcyR2a
polypeptide.

[0756] In exemplary embodiment 462, provided herein is the rodent ES cell
embodiment 461, wherein the nucleic acid sequence encoding the FcyR2a polypeptide is

positioned at an endogenous rodent low affinity FcyR locus.
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[0757] In exemplary embodiment 463, provided herein is the rodent ES cell of
embodiment 462, wherein the nucleic acid sequence encoding the human FcyR2a
polypeptide replaces all or part of an endogenous rodent low affinity FcyR gene.

[0758] In exemplary embodiment 464, provided herein is the rodent ES cell of any
one of embodiments 461 to 463, wherein the rodent is heterozygous for the engineered
FcyR2a locus.

[0759] In exemplary embodiment 465, provided herein is the rodent ES cell of any
one of embodiments 461 to 463, wherein the rodent is homozygous for the engineered
FcyR2a locus.

[0760] In exemplary embodiment 466, provided herein is the rodent ES cell of any
one of embodiments 304 to 465, further comprising in its genome an engineered Fc gamma
receptor 2b (FcyR2b) locus comprising a nucleic acid sequence encoding a human FcyR2b
polypeptide.

[0761] In exemplary embodiment 467, provided herein is the rodent ES cell
embodiment 466, wherein the nucleic acid sequence encoding the FcyR2b polypeptide is
positioned at an endogenous rodent low affinity FcyR locus.

[0762] In exemplary embodiment 468, provided herein is the rodent ES cell of
embodiment 467, wherein the nucleic acid sequence encoding the human FcyR2b
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[0763] In exemplary embodiment 469, provided herein is the rodent ES cell of any
one of embodiments 466 to 468, wherein the rodent is heterozygous for the engineered
FcyR2b locus.

[0764] In exemplary embodiment 470, provided herein is the rodent ES cell of any
one of embodiments 466 to 468, wherein the rodent is homozygous for the engineered
FcyR2b locus.

[0765] In exemplary embodiment 471, provided herein is the rodent ES cell of any
one of embodiments 304 to 470, further comprising in its genome an engineered Fc gamma
receptor 3a (FcyR3a) locus comprising a nucleic acid sequence encoding a human FcyR3a
polypeptide.

[0766] In exemplary embodiment 472, provided herein is the rodent ES cell
embodiment 471, wherein the nucleic acid sequence encoding the FcyR3a polypeptide is

positioned at an endogenous rodent low affinity FcyR locus.
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[0767] In exemplary embodiment 473, provided herein is the rodent ES cell of
embodiment 472, wherein the nucleic acid sequence encoding the human FcyR3a
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[0768] In exemplary embodiment 474, provided herein is the rodent ES cell of any
one of embodiments 471 to 473, wherein the rodent is heterozygous for the engineered
FcyR3a locus.

[0769] In exemplary embodiment 475, provided herein is the rodent ES cell of any
one of embodiments 471 to 473, wherein the rodent is homozygous for the engineered
FcyR3a locus.

[0770] In exemplary embodiment 476, provided herein is the rodent ES cell of any
one of embodiments 304 to 475, further comprising in its genome an engineered Fc gamma
receptor 3b (FcyR3b) locus comprising a nucleic acid sequence encoding a human FcyR3b
polypeptide.

[0771] In exemplary embodiment 477, provided herein is the rodent ES cell of
embodiment 476, wherein the nucleic acid sequence encoding the FcyR3b polypeptide is
positioned at an endogenous rodent low affinity FcyR locus.

[0772] In exemplary embodiment 478, provided herein is the rodent ES cell of
embodiment 477, wherein the nucleic acid sequence encoding the human FcyR3b
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[0773] In exemplary embodiment 479, provided herein is the rodent ES cell of any
one of embodiments 476 to 478, wherein the rodent is heterozygous for the engineered
FcyR3b locus.

[0774] In exemplary embodiment 480, provided herein is the rodent ES cell of any
one of embodiments 476 to 478, wherein the rodent is homozygous for the engineered
FcyR3b locus.

[0775] In exemplary embodiment 481, provided herein is the rodent ES cell of any
one of embodiments 304 to 480, further comprising in its genome an engineered Fc gamma
receptor 2¢ (FcyR2c¢) locus comprising a nucleic acid sequence encoding a human FcyR2¢
polypeptide.

[0776] In exemplary embodiment 482, provided herein is the rodent ES cell of
embodiment 481, wherein the nucleic acid sequence encoding the FcyR2c¢ polypeptide is

positioned at an endogenous rodent low affinity FcyR locus.
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[0777] In exemplary embodiment 483, provided herein is the rodent ES cell of
embodiment 482, wherein the nucleic acid sequence encoding the human FcyR2c¢
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[0778] In exemplary embodiment 484, provided herein is the rodent ES cell of any
one of embodiments 481 to 483, wherein the rodent does not express a rodent FcyR2c.
[0779] In exemplary embodiment 485, provided herein is the rodent ES cell of any
one of embodiments 481 to 484, wherein the rodent is heterozygous for the engineered
FcyR2c locus.

[0780] In exemplary embodiment 486, provided herein is the rodent ES cell of any
one of embodiments 481 to 484, wherein the rodent is homozygous for the engineered
FcyR2c locus.

[0781] In exemplary embodiment 487, provided herein is a rodent ES cell
comprising in its genome an engineered neonatal Fc receptor (FcRn) locus comprising a

nucleic acid sequence encoding a FcRn polypeptide comprising a human extracellular

domain.

[0782] In exemplary embodiment 488, provided herein is the rodent ES cell of
embodiment 487, wherein the FcRn polypeptide further comprises a rodent transmembrane
domain.

[0783] In exemplary embodiment 489, provided herein is the rodent ES cell of
embodiment 487, wherein the FcRn polypeptide further comprises a human transmembrane
domain.

[0784] In exemplary embodiment 490, provided herein is the rodent ES cell of any

one of embodiments 487 to 489, wherein the FcRn polypeptide further comprises a rodent
cytoplasmic domain.

[0785] In exemplary embodiment 491, provided herein is the rodent ES cell of any
one of embodiments 487 to 489, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[0786] In exemplary embodiment 492, provided herein is the rodent ES cell of any
one of embodiment 487 to 491, wherein the nucleic acid sequence encoding the FcRn
polypeptide is positioned at an endogenous rodent FcRn locus.

[0787] In exemplary embodiment 493, provided herein is the rodent ES cell of
embodiment 492, wherein the nucleic acid sequence encoding the FcRn polypeptide

replaces all or part of an endogenous rodent FcRn gene.
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[0788] In exemplary embodiment 494, provided herein is the rodent ES cell of
embodiment 493, wherein the nucleic acid sequence encoding the human FcRn
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent FcRn
extracellular domain.

[0789] In exemplary embodiment 495, provided herein is the rodent ES cell of any
one of embodiments 487 to 494, wherein the rodent does not express a rodent FcRn.
[0790] In exemplary embodiment 496, provided herein is the rodent ES cell of any
one of embodiments 487 to 495, wherein the rodent is heterozygous for the engineered
FcRn locus.

[0791] In exemplary embodiment 497, provided herein is the rodent ES cell of any
one of embodiments 487 to 495, wherein the rodent is homozygous for the engineered
FcRn locus.

[0792] In exemplary embodiment 498, provided herein is the rodent ES cell of any
one of embodiments 487 to 497, further comprising in its genome an engineered p-2-
microglobulin (B2M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (B2M) polypeptide.

[0793] In exemplary embodiment 499, provided herein is the rodent ES cell of
embodiment 498, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide is positioned at an endogenous rodent $2M locus

[0794] In exemplary embodiment 500, provided herein is the rodent ES cell of
embodiment 499, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide replaces all or part of the endogenous rodent f2M gene.

[0795] In exemplary embodiment 501, provided herein is the rodent of any one of
embodiments 498 to 500, wherein the nucleic acid sequence comprises exons 2-4 of a
human B2M gene.

[0796] In exemplary embodiment 502, provided herein is the rodent ES cell of any
one of embodiments 498 to 501, wherein the rodent does not express a rodent p2M
polypeptide.

[0797] In exemplary embodiment 503, provided herein is the rodent ES cell of any
one of embodiments 498 to 502, wherein the rodent is heterozygous for the engineered p2M

locus.
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[0798] In exemplary embodiment 504, provided herein is the rodent ES cell of any
one of embodiments 498 to 502, wherein the rodent is homozygous for the engineered p2M
locus.

[0799] In exemplary embodiment 505, provided herein is a rodent ES cell

comprising in its genome an engineered Fc epsilon receptor 1 alpha (FceR1a) locus
comprising a nucleic acid sequence encoding an FceR1a polypeptide comprising a human
extracellular domain.

[0800] In exemplary embodiment 506, provided herein is the rodent ES cell of
embodiment 505, wherein the FceR1o polypeptide further comprises a rodent
transmembrane domain.

[0801] In exemplary embodiment 507, provided herein is the rodent ES cell of
embodiment 505, wherein the FceR 1o polypeptide further comprises a human
transmembrane domain.

[0802] In exemplary embodiment 508, provided herein is the rodent ES cell of any
one of embodiments 505 to 507 wherein the FceR1a polypeptide further comprises a rodent
cytoplasmic domain.

[0803] In exemplary embodiment 509, provided herein is the rodent ES cell of any
one of embodiments 505 to 507, wherein the FceR1a polypeptide further comprises a
human cytoplasmic domain.

[0804] In exemplary embodiment 510, provided herein is the rodent ES cell of any
one of embodiment 505 to 509, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR 1a locus.

[0805] In exemplary embodiment 511, provided herein is the rodent ES cell of
embodiment 510, wherein the nucleic acid sequence encoding the FceR 1a, polypeptide
replaces all or part of an endogenous rodent FceR1a gene.

[0806] In exemplary embodiment 512, provided herein is the rodent ES cell of
embodiment 511, wherein the FceR1a polypeptide comprises a human extracellular
domain, a human transmembrane domain and a human cytoplasmic domain

[0807] In exemplary embodiment 513, provided herein is the rodent ES cell of
embodiment 505, wherein the nucleic acid sequence encoding the human FceR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent

FceR1a extracellular domain.
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[0808] In exemplary embodiment 514, provided herein is the rodent ES cell of any
one of embodiments 505 to 513, wherein the rodent does not express a rodent FceR1a.
[0809] In exemplary embodiment 515, provided herein is the rodent ES cell of any
one of embodiments 505 to 514, wherein the rodent is heterozygous for the engineered
FceR1a locus.

[0810] In exemplary embodiment 516, provided herein is the rodent ES cell of any
one of embodiments 505 to 514, wherein the rodent is homozygous for the engineered
FceR1a locus.

[0811] In exemplary embodiment 517, provided herein is the rodent ES cell of any
one of embodiments 304 to 516, wherein the rodent is a mouse.

[0812] In exemplary embodiment 518, provided herein is the rodent ES cell of any
one of embodiments 304 to 516, wherein the rodent is a rat.

[0813] In exemplary embodiment 519, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a Vu gene
segment, a Du gene segment and a Ju gene segment; and (ii) an immunoglobulin heavy
chain constant region comprising a Cu gene segment encoding an IgG constant domain
comprising a human Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic domain, the method
comprising modifying the genome of a rodent so that it comprises an engineered
immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin heavy chain
variable region comprising a Vi gene segment, a Du gene segment and a Ju gene segment;
and (i) an immunoglobulin heavy chain constant region comprising a Cu gene segment
encoding an IgG constant domain comprising a human Cul domain, a human hinge region,
a human Cu2 domain, a human Cu3 domain, an IgG transmembrane domain and an IgG
cytoplasmic domain, wherein the immunoglobulin heavy chain variable region is operably
linked to the immunoglobulin heavy chain constant region such that the rodent produces
IgG antibodies comprising variable domains derived from the Vu gene segment, the Du
gene segment and the Ju gene segment and heavy chain constant domains derived from the
Cu gene segment.

[0814] In exemplary embodiment 520, provided herein is the method of
embodiment 519, wherein the IgG transmembrane domain is a rodent IgG transmembrane

domain.
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[0815] In exemplary embodiment 521, provided herein is the method of
embodiment 519, wherein the IgG transmembrane domain is a human IgG transmembrane
domain.

[0816] In exemplary embodiment 522, provided herein is the method of any one of

embodiments 519 to 521, wherein the IgG cytoplasmic domain is a rodent IgG cytoplasmic
domain.

[0817] In exemplary embodiment 523, provided herein is the method of any one of
embodiments 519 to 521, wherein the IgG cytoplasmic domain is a human IgG cytoplasmic
domain.

[0818] In exemplary embodiment 524, provided herein is the method of any one of
embodiments 519 to 523, wherein the human Cul domain, the human hinge region, the
human Cnx2 domain and the human Cu3 domain are IgG1 domains.

[0819] In exemplary embodiment 525, provided herein is the method of
embodiment 524, wherein the IgG1 domain is encoded by an allele selected from
IGHG1*01, IGHG1*02, IGHG1*03, IGHG1*04 and IGHG1*05.

[0820] In exemplary embodiment 526, provided herein is the method of any one of
embodiments 519 to 523, wherein the human Cul domain, the human hinge region, the
human Cu2 domain and the human Cu3 domain are IgG2 domains.

[0821] In exemplary embodiment 527, provided herein is the method of
embodiment 526, wherein the IgG2 domain is encoded by an allele selected from
IGHG2*01, IGHG2*02, IGHG2*03, IGHG2*04, IGHG2*05 and IGHG2*06.

[0822] In exemplary embodiment 528, provided herein is the method of any one of
embodiments 519 to 523, wherein the human Cul domain, the human hinge region, the
human Cx2 domain and the human Cu3 domain are IgG3 domains.

[0823] In exemplary embodiment 529, provided herein is the method of
embodiment 528, wherein the IgG3 domain is encoded by an allele selected from
IGHG3*01, IGHG3*02, IGHG3*03, IGHG3*04, IGHG3*05, IGHG3*06, IGHG3*07,
IGHG3*08, IGHG3*09, IGHG3*10, IGHG3*11, IGHG3*12, IGHG3*13, IGHG3*14,
IGHG3*15, IGHG3*16, IGHG3*17, IGHG3*18 and IGHG3*19.

[0824] In exemplary embodiment 530, provided herein is the method of any one of
embodiments 519 to 523, wherein the human Cul domain, the human hinge region, the

human Cn2 domain and the human Cu3 domain are IgG4 domains.
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[0825] In exemplary embodiment 531, provided herein is the method of
embodiment 530, wherein the IgG4 domain is encoded by an allele selected from
IGHG4*01, IGHG4*02, IGHG4*03 and IGHG4*04.

[0826] In exemplary embodiment 532, provided herein is the method of any one of
embodiments 524 to 531, wherein the Cu gene segment encoding the human Cul domain,
the human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cyza or Cyac gene segment locus.

[0827] In exemplary embodiment 533, provided herein is the method of
embodiment 532, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cyza or Cyzc gene segment.

[0828] In exemplary embodiment 534, provided herein is the method of any one of
embodiments 524 to 531, wherein the Cu gene segment encoding the human Cul domain,
the human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cy1 gene segment locus.

[0829] In exemplary embodiment 535, provided herein is the method of
embodiment 534, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cy1 gene segment.

[0830] In exemplary embodiment 536, provided herein is the method of any one of
embodiments 524 to 531, wherein the Cu gene segment encoding the human Cul domain,
the human hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cyzb gene segment locus.

[0831] In exemplary embodiment 537, provided herein is the method of
embodiment 536, wherein the Cu gene segment encoding the human Cul domain, the
human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cyb gene segment.

[0832] In exemplary embodiment 538, provided herein is the method of any one of
embodiments 524 to 531, wherein the Cu gene segment the human Cal domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain is located at an
endogenous Cy3 gene segment locus.

[0833] In exemplary embodiment 539, provided herein is the method of

embodiment 538, wherein the Cu gene segment encoding the human Cul domain, the
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human hinge region, the human Cu2 domain and the human Cu3 domain replaces an
endogenous Cy3 gene segment.

[0834] In exemplary embodiment 540, provided herein is the method of any one of
embodiments 519 to 539, wherein the immunoglobulin heavy chain constant region further
comprises a rodent C, gene segment.

[0835] In exemplary embodiment 541, provided herein is the method of any one of
embodiments 519 to 539, wherein the immunoglobulin heavy chain constant region further
comprises a human C, gene segment.

[0836] In exemplary embodiment 542, provided herein is the method of any one of
embodiments 519 to 541, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cs gene segment.

[0837] In exemplary embodiment 543, provided herein is the method of any one of
embodiments 519 to 541, wherein the immunoglobulin heavy chain constant region further
comprises a human C;s gene segment.

[0838] In exemplary embodiment 544, provided herein is the method of any one of
embodiments 519 to 543, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cy1 gene segment.

[0839] In exemplary embodiment 545, provided herein is the method of any one of
embodiments 519 to 544, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cy2a and/or Cyac gene segment.

[0840] In exemplary embodiment 546, provided herein is the method of any one of
embodiments 519 to 545, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cya gene segment.

[0841] In exemplary embodiment 547 provided herein is the method of any one of
embodiments 519 to 546, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cy3 gene segment.

[0842] In exemplary embodiment 548, provided herein is the method of any one of
embodiments 519 to 547, wherein the immunoglobulin heavy chain constant region further
comprises a rodent C: gene segment.

[0843] In exemplary embodiment 549, provided herein is the method of any one of
embodiments 519 to 548, wherein the immunoglobulin heavy chain constant region further

comprises a human C. gene segment.
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[0844] In exemplary embodiment 550, provided herein is the method of any one of
embodiments 519 to 549, wherein the immunoglobulin heavy chain constant region further
comprises a rodent Cq gene segment.

[0845] In exemplary embodiment 551, provided herein is the method of any one of
embodiments 519 to 549, wherein the immunoglobulin heavy chain constant region further
comprises a human Cq gene segment.

[0846] In exemplary embodiment 552, provided herein is the method of any one of
embodiments 519 to 539, wherein the immunoglobulin heavy chain constant region
comprises a human C, gene segment, a human Cs gene segment, a human Cy3 gene segment
and a human Cy1 gene segment.

[0847] In exemplary embodiment 553, provided herein is the method of
embodiment 552, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment and a human Cy4 gene segment.

[0848] In exemplary embodiment 554, provided herein is the method of
embodiment 552 or embodiment 553, wherein the immunoglobulin heavy chain constant
region further comprises a human Cq gene segment.

[0849] In exemplary embodiment 555, provided herein is the method of any one of
embodiments 552 to 554, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0850] In exemplary embodiment 556, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a Vu gene
segment, a Du gene segment and a Ju gene segment; and (i1) an immunoglobulin heavy
chain constant region comprising a Cu gene segment encoding an IgM constant domain
comprising a human Cul domain, a human Cua2 domain, a human Cu3 domain, a human
Cu4 domain, a human IgM transmembrane domain and a human IgM cytoplasmic domain,
the method comprising modifying the genome of a rodent so that it comprises an
engineered immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin
heavy chain variable region comprising a Vu gene segment, a Du gene segment and a Ju
gene segment; and (i) an immunoglobulin heavy chain constant region comprising a Cu
gene segment encoding an IgM constant domain comprising a human Cul domain, a human
Cu2 domain, a human Cn3 domain, a human Cue4 domain, a human IgM transmembrane

domain and a human IgM cytoplasmic domain, wherein the immunoglobulin heavy chain
- 147 -



WO 2019/190990 PCT/US2019/023899

variable region is operably linked to the immunoglobulin heavy chain constant region such
that the rodent produces IgM antibodies comprising variable domains derived from the Vi
gene segment, the Du gene segment and the Ju gene segment and heavy chain constant
domains derived from the Cu gene segment.

[0851] In exemplary embodiment 557, provided herein is the method of
embodiment 556, wherein the immunoglobulin heavy chain constant region further
comprises a human C;s gene segment.

[0852] In exemplary embodiment 558, provided herein is the method of
embodiments 556 or 557, wherein the immunoglobulin heavy chain constant region further
comprises a human Cys gene segment.

[0853] In exemplary embodiment 559, provided herein is the method of any one of
embodiments 556 to 558, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy1 gene segment.

[0854] In exemplary embodiment 560, provided herein is the method of any one of
embodiments 556 to 559, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment.

[0855] In exemplary embodiment 561, provided herein is the method of any one of
embodiments 556 to 560, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy4 gene segment.

[0856] In exemplary embodiment 562, provided herein is the method of any one of
embodiments 556 to 561, wherein the immunoglobulin heavy chain constant region
comprises a human Cy gene segment, a human Cs gene segment, a human Cy3 gene segment
and a human Cy1 gene segment.

[0857] In exemplary embodiment 563, provided herein is the method of
embodiment 562, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment and a human Cy4 gene segment.

[0858] In exemplary embodiment 564, provided herein is the method of
embodiment 562 or embodiment 563, wherein the immunoglobulin heavy chain constant
region further comprises a human Cq gene segment.

[0859] In exemplary embodiment 565, provided herein is the method of any one of
embodiments 562 to 564, wherein the immunoglobulin heavy chain constant region further

comprises a human Ce gene segment.
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[0860] In exemplary embodiment 566, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a Vu gene
segment, a Du gene segment and a Ju gene segment; and (ii) an immunoglobulin heavy
chain constant region comprising a Cu gene segment encoding an IgD constant domain
comprising a human Cul domain, a human hinge H1 domain, a human hinge H2 domain, a
human Cn2 domain, a human Cu3 domain, a human IgD transmembrane domain and a
human IgD cytoplasmic domain, the method comprising modifying the genome of a rodent
so that it comprises an engineered immunoglobulin heavy chain locus that comprises: (i) an
immunoglobulin heavy chain variable region comprising a Vu gene segment, a Du gene
segment and a Ju gene segment; and (ii) an immunoglobulin heavy chain constant region
comprising a Cu gene segment encoding an IgD constant domain comprising a human Cu1
domain, a human hinge H1 domain, a human hinge H2 domain, a human Cu2 domain, a
human Cn3 domain, a human IgD transmembrane domain and a human IgD cytoplasmic
domain, wherein the immunoglobulin heavy chain variable region is operably linked to the
immunoglobulin heavy chain constant region such that the rodent produces IgD antibodies
comprising variable domains derived from the Vu gene segment, the Dy gene segment and
the Ju gene segment and heavy chain constant domains derived from the Cu gene segment.
[0861] In exemplary embodiment 567, provided herein is the method of
embodiment 566, wherein the immunoglobulin heavy chain constant region further
comprises a human C, gene segment.

[0862] In exemplary embodiment 568, provided herein is the method of
embodiments 566 or 567, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy3 gene segment.

[0863] In exemplary embodiment 569, provided herein is the method of any one of
embodiments 566 to 568, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy1 gene segment.

[0864] In exemplary embodiment 570, provided herein is the method of any one of
embodiments 566 to 569, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment.

[0865] In exemplary embodiment 571, provided herein is the method of any one of
embodiments 566 to 570, wherein the immunoglobulin heavy chain constant region further

comprises a human Cys gene segment.
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[0866] In exemplary embodiment 572, provided herein is the method of any one of
embodiments 566 to 571, wherein the immunoglobulin heavy chain constant region
comprises a human C, gene segment, a human Cs gene segment, a human Cy3 gene segment
and a human Cy1 gene segment.

[0867] In exemplary embodiment 573, provided herein is the method of
embodiment 572, wherein the immunoglobulin heavy chain constant region further
comprises a human Cy2 gene segment and a human Cy4 gene segment.

[0868] In exemplary embodiment 574, provided herein is the method of
embodiment 572 or embodiment 573, wherein the immunoglobulin heavy chain constant
region further comprises a human Cq gene segment.

[0869] In exemplary embodiment 575, provided herein is the method of any one of
embodiments 572 to 574, wherein the immunoglobulin heavy chain constant region further
comprises a human Ce gene segment.

[0870] In exemplary embodiment 576, provided herein is the method of any one of
embodiments 519 to 575, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent intronic enhancer (Ei).

[0871] In exemplary embodiment 577, provided herein is the method of any one of
embodiments 519 to 575, wherein the engineered immunoglobulin heavy chain locus
further comprises a human intronic enhancer (Ei).

[0872] In exemplary embodiment 578, provided herein is the method of any one of
embodiments 519 to 577, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent 3’ regulatory region (3’ RR).

[0873] In exemplary embodiment 579, provided herein is the method of any one of
embodiments 519 to 577, wherein the engineered immunoglobulin heavy chain locus
further comprises a human 3’ regulatory region (3’ RR).

[0874] In exemplary embodiment 580, provided herein is the method of any one of
embodiments 519 to 579, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent S, switch site.

[0875] In exemplary embodiment 581, provided herein is the method of any one of
embodiments 519 to 580, wherein the engineered immunoglobulin heavy chain locus

further comprises a rodent Sy3 switch site.

- 150 -



WO 2019/190990 PCT/US2019/023899

[0876] In exemplary embodiment 582, provided herein is the method of any one of
embodiments 519 to 581, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy1 switch site.

[0877] In exemplary embodiment 583, provided herein is the method of any one of
embodiments 519 to 582, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Syz switch site.

[0878] In exemplary embodiment 584, provided herein is the method of any one of
embodiments 519 to 583, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sy2a and/or Syzc switch site.

[0879] In exemplary embodiment 585, provided herein is the method of any one of
embodiments 519 to 584, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Se switch site.

[0880] In exemplary embodiment 586, provided herein is the method of any one of
embodiments 519 to 585, wherein the engineered immunoglobulin heavy chain locus
further comprises a rodent Sq switch site.

[0881] In exemplary embodiment 587, provided herein is the rodent of any one of
embodiments 519 to 579, wherein the engineered immunoglobulin heavy chain locus
further comprises a human Sy switch site.

[0882] In exemplary embodiment 588, provided herein is the rodent of any one of
embodiments 519 to 579 and 587, wherein the engineered immunoglobulin heavy chain
locus further comprises a human Sy3 switch site.

[0883] In exemplary embodiment 589, provided herein is the rodent of any one of
embodiments 519 to 579 and 587-588, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sy1 switch site.

[0884] In exemplary embodiment 590, provided herein is the rodent of any one of
embodiments 519 to 579 and 587-589, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sy2 switch site.

[0885] In exemplary embodiment 591, provided herein is the rodent of any one of
embodiments 519 to 579 and 587-590, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sys switch site.

[0886] In exemplary embodiment 592, provided herein is the rodent of any one of
embodiments 519 to 579 and 587-591, wherein the engineered immunoglobulin heavy

chain locus further comprises a human Se switch site.
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[0887] In exemplary embodiment 593, provided herein is the rodent of any one of
embodiments 519 to 579 and 587-592, wherein the engineered immunoglobulin heavy
chain locus further comprises a human Sq switch site.

[0888] In exemplary embodiment 594, provided herein is the method of any one of
embodiments 519 to 593, wherein the Vu gene segment is a rodent Vu gene segment, the
Du gene segment is a rodent Dy gene segment and the Ju gene segment is a rodent Ju gene
segment.

[0889] In exemplary embodiment 595, provided herein is the method of
embodiment 594, wherein the rodent Vu gene segment, the rodent Du gene segment and the
rodent Ju gene segment are endogenous rodent gene segments.

[0890] In exemplary embodiment 596, provided herein is the method of any one of
embodiments 519 to 593, wherein the Vi gene segment is a human Vu gene segment, the
Du gene segment is a human Du gene segment and the Ju gene segment is a human Ju gene
segment.

[0891] In exemplary embodiment 597, provided herein is the method of
embodiment 596, wherein the immunoglobulin heavy chain variable region comprises at
least 3 human Vu gene segments.

[0892] In exemplary embodiment 598, provided herein is the method of
embodiment 596 or embodiment 597, wherein the immunoglobulin heavy chain variable
region comprises all of the human Du gene segments.

[0893] In exemplary embodiment 599, provided herein is the method of any one of
embodiments 596 to 598, wherein the immunoglobulin heavy chain variable region
comprises all of the human Ju gene segments.

[0894] In exemplary embodiment 600, provided herein is the method of any one of
embodiments 596 to 599, wherein the immunoglobulin heavy chain variable region lacks a
functional endogenous rodent Adam6 gene.

[0895] In exemplary embodiment 601, provided herein is the method of any one of
embodiments 596 to 600, wherein the germline genome further comprises a nucleotide
sequence encoding a functional rodent Adam6 polypeptide, a functional ortholog, a
functional homolog, or a functional fragment thereof.

[0896] In exemplary embodiment 602, provided herein is the method of
embodiment 601, wherein the functional rodent Adam6 polypeptide, the functional

ortholog, the functional homolog, or the functional fragment thereof is expressed.
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[0897] In exemplary embodiment 603, provided herein is the method of
embodiment 601 or embodiment 602, wherein the nucleotide sequence encoding the rodent
ADAMBS6 polypeptide, the functional ortholog, the functional homolog, or the functional
fragment thereof is included on the same chromosome as the immunoglobulin heavy chain
variable region.

[0898] In exemplary embodiment 604, provided herein is the method of any one of
embodiments 601 to 603, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof is included in the engineered immunoglobulin heavy chain locus.

[0899] In exemplary embodiment 605, provided herein is the method of any one of
embodiments 601 to 604, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptides, the functional ortholog, the functional homolog, or the functional fragment
thereof is in place of a human Adam6 pseudogene.

[0900] In exemplary embodiment 606, provided herein is the method of any one of
embodiments 601 to 605, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof replaces a human Adam6 pseudogene.

[0901] In exemplary embodiment 607, provided herein is the method of any one of
embodiments 601 to 606, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptide, the functional ortholog, the functional homolog, or the functional fragment
thereof is between a first human Vu gene segment and a second human Vu gene segment.
[0902] In exemplary embodiment 608, provided herein is the rodent of embodiment
607, wherein the first human Vu gene segment is Vu1-2 and the second human Vu gene
segment is VuO-1.

[0903] In exemplary embodiment 609, provided herein is the method of any one of
embodiments 601 to 604, wherein the nucleotide sequence encoding the rodent ADAM6
polypeptides, the functional ortholog, the functional homolog, or the functional fragment
thereof is between a human Vu gene segment and a human Du gene segment.

[0904] In exemplary embodiment 610, provided herein is the method of any one of
embodiments 519 to 609, wherein the engineered immunoglobulin heavy chain locus is

positioned at an endogenous immunoglobulin heavy chain locus.
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[0905] In exemplary embodiment 611, provided herein is the method of
embodiment 610, wherein the engineered immunoglobulin heavy chain locus replaces all or
part of the endogenous immunoglobulin heavy chain locus.

[0906] In exemplary embodiment 612, provided herein is the method of any one of
embodiments 519 to 611, wherein the rodent is heterozygous for the engineered
immunoglobulin heavy chain locus.

[0907] In exemplary embodiment 613, provided herein is the method of any one of
embodiments 519 to 611, wherein the rodent is homozygous for the engineered
immunoglobulin heavy chain locus.

[0908] In exemplary embodiment 614, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising:
(a) a rodent Cy gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment;
(d) a rodent Cy1 gene segment; (e) a rodent Cy2b gene segment; (f) a modified Cu gene
segment encoding a human IgG1 Cul domain, a human IgG1 hinge region, a human IgG1
Cu2 domain, a human IgG1 Cu3 domain, a rodent I[gG2a transmembrane domain, and a
rodent IgG2a cytoplasmic domain; (g) a rodent Ce gene segment; and (h) a rodent Cq gene
segment; and (iv) a rodent 3’ regulatory region (3’ RR), the method comprising modifying
the genome of a rodent so that it comprises an engineered immunoglobulin heavy chain
locus that comprises: (1) an immunoglobulin heavy chain variable region comprising a
human Vu gene segment, a human Du gene segment and a human Ju gene segment; (ii) a
rodent intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region
comprising: (a) a rodent C, gene segment; (b) a rodent Cs gene segment; (¢) a rodent Cy3
gene segment; (d) a rodent Cy1 gene segment; (e) a rodent Cy2v gene segment; (f) a modified
CH gene segment encoding a human IgG1 Cul domain, a human IgG1 hinge region, a
human IgG1 Cu2 domain, a human IgG1 Cu3 domain, a rodent IgG2a transmembrane
domain, and a rodent IgG2a cytoplasmic domain; (g) a rodent Ce gene segment; and (h) a
rodent Cq gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region such that the rodent produces IgG antibodies comprising

variable domains derived from the human Vu gene segment, the human Du gene segment
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and the human Ju gene segment and heavy chain constant domains derived from the
modified Cu gene segment.

[0909] In exemplary embodiment 615, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a human VH
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)
a rodent Cy gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d)
a rodent Cy1 gene segment; (e) a rodent Cyzb gene segment; (f) a modified Cu gene segment
encoding a human IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Cu2
domain, a human IgG1 Cu3 domain, a human IgG1 transmembrane domain, and a human
IgG1 cytoplasmic domain; (g) a rodent Ce gene segment; and (h) a rodent Co gene segment;
and (iv) a rodent 3' regulatory region (3’ RR), the method comprising modifying the
genome of a rodent so that it comprises an engineered immunoglobulin heavy chain locus
that comprises: (i)  an immunoglobulin heavy chain variable region comprising a human
VH gene segment, a human Dy gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)
a rodent C, gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d)
a rodent Cy1 gene segment; (e) a rodent Cyzb gene segment; (f) a modified Cu gene segment
encoding a human IgG1 Cul domain, a human IgG1 hinge region, a human IgG1 Cu2
domain, a human IgG1 Cu3 domain, a human IgG1 transmembrane domain, and a human
IgG1 cytoplasmic domain; (g) a rodent Ce gene segment; and (h) a rodent Co gene segment;
and (iv) a rodent 3’ regulatory region (3' RR), wherein the immunoglobulin heavy chain
variable region is operably linked to the immunoglobulin heavy chain constant region such
that the rodent produces IgG antibodies comprising variable domains derived from the
human Vu gene segment, the human Du gene segment and the human Ju gene segment and
heavy chain constant domains derived from the modified Cu gene segment.

[0910] In exemplary embodiment 616, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)

a rodent Cy gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d)
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a modified Cu gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge
region, a human IgG4 Cu2 domain, a human IgG4 Cu3 domain, a rodent IgG1
transmembrane domain, and a rodent IgG1 cytoplasmic domain; (e) a rodent Cy2b gene
segment; (f) a rodent Cy2a and/or Cyzc gene segment; (g) a rodent Ce gene segment; and (h) a
rodent Cq gene segment; and (iv) a rodent 3’ regulatory region (3" RR), the method
comprising modifying the genome of a rodent so that it comprises an engineered
immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin heavy chain
variable region comprising a human Vu gene segment, a human Du gene segment and a
human Ju gene segment; (ii) a rodent intronic enhancer (Ei); (iii) an immunoglobulin heavy
chain constant region comprising: (a) a rodent C, gene segment; (b) a rodent Cs gene
segment; (¢) a rodent Cy3 gene segment; (d) a modified Cu gene segment encoding a human
IgG4 Cul domain, a human IgG4 hinge region, a human IgG4 Cu2 domain, a human IgG4
Cu3 domain, a rodent IgG1 transmembrane domain, and a rodent IgG1 cytoplasmic
domain; (e) a rodent Cy2b gene segment; (f) a rodent Cy2a and/or Cyac gene segment; (g) a
rodent Ce gene segment; and (h) a rodent Cu gene segment; and (iv) a rodent 3’ regulatory
region (3’ RR), wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces IgG
antibodies comprising variable domains derived from the human Vu gene segment, the
human Dy gene segment and the human Ju gene segment and heavy chain constant domains
derived from the modified Cu gene segment.

[0911] In exemplary embodiment 617, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (1) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)
a rodent C, gene segment; (b) a rodent Cs gene segment; (c) a rodent Cy3 gene segment; (d)
a modified Cu gene segment encoding a human IgG4 Cul domain, a human IgG4 hinge
region, a human IgG4 Cu2 domain, a human IgG4 Cu3 domain, a human IgG4
transmembrane domain, and a human IgG4 cytoplasmic domain; (e) a rodent Cy2b gene
segment; (f) a rodent Cy2a and/or Cyac gene segment; (g) a rodent Ce gene segment; and (h) a
rodent Cq gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), the method
comprising modifying the genome of a rodent so that it comprises an engineered

immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin heavy chain
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variable region comprising a human Vu gene segment, a human Du gene segment and a
human Ju gene segment; (ii) a rodent intronic enhancer (Ei); (iii) an immunoglobulin heavy
chain constant region comprising: (a) a rodent C, gene segment; (b) a rodent Cs gene
segment; (¢) a rodent Cy3 gene segment; (d) a modified Cu gene segment encoding a human
IgG4 Cul domain, a human IgG4 hinge region, a human IgG4 Cu2 domain, a human IgG4
Cu3 domain, a human IgG4 transmembrane domain, and a human IgG4 cytoplasmic
domain; (e) a rodent Cy2b gene segment; (f) a rodent Cy2a and/or Cy2c gene segment; (g) a
rodent C: gene segment; and (h) a rodent Co gene segment; and (iv) a rodent 3’ regulatory
region (3’ RR), wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces IgG
antibodies comprising variable domains derived from the human Vu gene segment, the
human Dy gene segment and the human Ju gene segment and heavy chain constant domains
derived from the modified Cu gene segment.

[0912] In exemplary embodiment 618, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu
gene segment, a human Du gene segment and a human Ju gene segment; (ii) a human
intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a)
a human Cy gene segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment;
(d) a human Cy1 gene segment; and (iv) a rodent 3’ regulatory region (3" RR), the method
comprising modifying the genome of a rodent so that it comprises an engineered
immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin heavy chain
variable region comprising a human Vu gene segment, a human Du gene segment and a
human Ju gene segment; (ii) a human intronic enhancer (Ei); (iii) an immunoglobulin heavy
chain constant region comprising: (a) a human Cy gene segment; (b) a human Cs gene
segment; (¢) a human Cy3 gene segment; (d) a human Cy1 gene segment; and (iv) a rodent 3’
regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable region is
operably linked to the immunoglobulin heavy chain constant region such that the rodent
produces IgG antibodies comprising a fully human heavy chain.

[0913] In exemplary embodiment 619, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a human Vu

gene segment, a human Du gene segment and a human Ju gene segment; (i1) a human
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intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a)
a human Cy gene segment; (b) a human Cs gene segment; (c) a human Cy3 gene segment;
(d) a human Cy1 gene segment; (c) a human Cy2 gene segment; (d) a human Cy4 gene
segment; and (iv) a rodent 3’ regulatory region (3’ RR), the method comprising modifying
the genome of a rodent so that it comprises an engineered immunoglobulin heavy chain
locus that comprises: (i) an immunoglobulin heavy chain variable region comprising a
human Vu gene segment, a human Du gene segment and a human Ju gene segment; (ii) a
human intronic enhancer (Ei); (iii) an immunoglobulin heavy chain constant region
comprising: (a) a human Cy gene segment; (b) a human Cs gene segment; (c) a human Cy3
gene segment; (d) a human Cy1 gene segment; (¢) a human Cy2 gene segment; (d) a human
Cy4 gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), wherein the
immunoglobulin heavy chain variable region is operably linked to the immunoglobulin
heavy chain constant region such that the rodent produces IgG antibodies comprising a
fully human heavy chain.

[0914] In exemplary embodiment 620, provided herein is a method of making a
rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
comprises: (i) an immunoglobulin heavy chain variable region comprising a rodent Vu gene
segment, a rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent intronic
enhancer (Ei); (iii) an immunoglobulin heavy chain constant region comprising: (a) a
human C, gene segment; (b) a r human Cs gene segment; (c) a human Cy3 gene segment; (d)
a human Cy1 gene segment; and (iv) a rodent 3’ regulatory region (3’ RR), the method
comprising modifying the genome of a rodent so that it comprises an engineered
immunoglobulin heavy chain locus that comprises: (i) an immunoglobulin heavy chain
variable region comprising a rodent Vu gene segment, a rodent Dy gene segment and a
rodent Ju gene segment; (ii) a rodent intronic enhancer (Ei); (iii) an immunoglobulin heavy
chain constant region comprising: (a) a human C, gene segment; (b) a r human Cs gene
segment; (¢) a human Cy3 gene segment; (d) a human Cy1 gene segment; and (iv) a rodent 3’
regulatory region (3’ RR), wherein the immunoglobulin heavy chain variable region is
operably linked to the immunoglobulin heavy chain constant region such that the rodent
produces IgG antibodies comprising a heavy chain comprising a rodent variable domain
and a human constant domain.

[0915] In exemplary embodiment 621, provided herein is a method of making a

rodent comprising in its genome: an engineered immunoglobulin heavy chain locus that
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comprises: (i) an immunoglobulin heavy chain variable region comprising a rodent Vu gene
segment, a rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent intronic
enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a) a
human C, gene segment; (b) a human Cs gene segment; (c) a human Cy3 gene segment; (d)
a human Cy1 gene segment; (¢) a human Cy2 gene segment; (d) a human Cy4 gene segment;
and (iv) a rodent 3’ regulatory region (3’ RR), the method comprising modifying the
genome of a rodent so that it comprises an engineered immunoglobulin heavy chain locus
that comprises: (i) an immunoglobulin heavy chain variable region comprising a rodent Vu
gene segment, a rodent Du gene segment and a rodent Ju gene segment; (ii) a rodent
intronic enhancer (Ei); (ii1) an immunoglobulin heavy chain constant region comprising: (a)
a human C, gene segment; (b) a human Cs gene segment; (¢) a human Cy3 gene segment;
(d) a human Cy1 gene segment; (c) a human Cy gene segment; (d) a human Cy4 gene
segment; and (iv) a rodent 3’ regulatory region (3" RR), wherein the immunoglobulin heavy
chain variable region is operably linked to the immunoglobulin heavy chain constant region
such that the rodent produces IgG antibodies comprising a heavy chain comprising a rodent
variable domain and a human constant domain.

[0916] In exemplary embodiment 622, provided herein is the method of any one of
embodiments 614 to 621, wherein the engineered immunoglobulin heavy chain locus is
positioned at an endogenous immunoglobulin heavy chain locus.

[0917] In exemplary embodiment 623, provided herein is the method of
embodiment 622, wherein the engineered immunoglobulin heavy chain locus replaces all or
part of the endogenous immunoglobulin heavy chain locus.

[0918] In exemplary embodiment 624, provided herein is the method of any one of
embodiments 614 to 623, wherein the rodent is heterozygous for the engineered
immunoglobulin heavy chain locus.

[0919] In exemplary embodiment 625, provided herein is the method of any one of
embodiments 614 to 623, wherein the rodent is homozygous for the engineered
immunoglobulin heavy chain locus.

[0920] In exemplary embodiment 626, provided herein is the method of any one of
embodiments 519 to 625 further comprising modifying the genome of the rodent so that it
further comprises in its genome: an engineered immunoglobulin kappa (k) chain locus that
comprises: (1) an immunoglobulin k chain variable region comprising a human Vi gene

segment and a human J« gene segment; and (2) an immunoglobulin k chain constant region
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comprising a human Ck gene segment, wherein the immunoglobulin k chain variable region
is operably linked to the immunoglobulin k chain constant region such that the rodent
produces antibodies comprising light chain variable domains derived from the human Vi
gene segment and the human J« gene segment and light chain constant domains derived
from the human C« gene segment.

[0921] In exemplary embodiment 627, provided herein is the method of
embodiment 626, wherein the engineered immunoglobulin x chain locus further comprises
a rodent intronic ¥ enhancer (Exi).

[0922] In exemplary embodiment 628, provided herein is the method of
embodiment 626, wherein the engineered immunoglobulin k chain locus further comprises
a human intronic k enhancer (Exi).

[0923] In exemplary embodiment 629, provided herein is the method of any one of
embodiments 626 to 628, wherein the engineered immunoglobulin k chain locus further
comprises a rodent 3’ k enhancer (Ex3').

[0924] In exemplary embodiment 630, provided herein is the method of any one of
embodiments 626 to 628, wherein the engineered immunoglobulin k chain locus further
comprises a human 3’ k enhancer (Ex3').

[0925] In exemplary embodiment 631, provided herein is the method of any one of
embodiments 626 to 630, wherein the immunoglobulin k chain variable region comprises at
least 6 human V« gene segments.

[0926] In exemplary embodiment 632, provided herein is the method of any one of
embodiments 626 to 631, wherein the immunoglobulin k chain variable region comprises
all of the human J« gene segments.

[0927] In exemplary embodiment 633, provided herein is the method of any one of
embodiments 626 to 632, wherein the engineered immunoglobulin « chain locus is
positioned at an endogenous immunoglobulin k chain locus.

[0928] In exemplary embodiment 634, provided herein is the method of
embodiment 633, wherein the engineered immunoglobulin k chain locus replaces all or part
of the endogenous immunoglobulin k chain locus.

[0929] In exemplary embodiment 635, provided herein is the method of any one of
embodiments 626 to 634, wherein the rodent is heterozygous for the engineered

immunoglobulin k chain locus.
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[0930] In exemplary embodiment 636, provided herein is the method of any one of
embodiments 626 to 634, wherein the rodent is homozygous for the engineered
immunoglobulin x chain locus.

[0931] In exemplary embodiment 637, provided herein is the method of any one of
embodiments 519 to 636 further comprising in its genome: an engineered immunoglobulin
lambda (A) chain locus that comprises: a human Vi gene segment, a human Ji gene segment
and a human C. gene segment, wherein the human V. gene segment and the human Ji. gene
segment are operably linked to the human Ci. gene segment such that the rodent produces
antibodies comprising light chain variable domains derived from the human V). gene
segment and the human Ji. gene segment and light chain constant domains derived from the
human Cs gene segment.

[0932] In exemplary embodiment 638, provided herein is the method of
embodiment 637, wherein the human C. gene segment is a human C.1 gene segment.
[0933] In exemplary embodiment 639, provided herein is the method of
embodiment 638, wherein the human Ji. gene segment is a human Ju gene segment.

[0934] In exemplary embodiment 640, provided herein is the method of
embodiment 637, wherein the human Cy. gene segment is a human Cs2 gene segment.
[0935] In exemplary embodiment 641, provided herein is the method of
embodiment 640, wherein the human Ji. gene segment is a human Ji» gene segment.

[0936] In exemplary embodiment 642, provided herein is the method of
embodiment 637, wherein the human Cy. gene segment is a human Ci3 gene segment.
[0937] In exemplary embodiment 643, provided herein is the method of
embodiment 642, wherein the human Ji. gene segment is a human Ji3 gene segment.

[0938] In exemplary embodiment 644, provided herein is the method of
embodiment 637, wherein the human C». gene segment is a human Cs gene segment.
[0939] In exemplary embodiment 645, provided herein is the method of
embodiment 644, wherein the human J). gene segment is a human Jis gene segment.

[0940] In exemplary embodiment 646, provided herein is the method of
embodiment 637, wherein the human Ji gene segment is a human Ji7 gene segment.

[0941] In exemplary embodiment 647, provided herein is the method of any one of
embodiments 637 to 646, wherein the engineered immunoglobulin A chain locus comprises
a human Cyu1 gene segment, a human Ci2 gene segment, a human Cj3 gene segment, a

human Css gene segment and a rodent Ci.1 gene segment.
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[0942] In exemplary embodiment 648, provided herein is the method of
embodiment 647, wherein the engineered immunoglobulin A chain locus comprises a
human Ji.1 gene segment, a human Ji2 gene segment, a human Jis gene segment, a human Jis
gene segment and a human J,7 gene segment.

[0943] In exemplary embodiment 649, provided herein is the rodent ES cell of
embodiment 648, wherein the engineered immunoglobulin A chain locus comprises a
human Jz.1- Ci1 gene segment cluster, a human Jiz- Ci2 gene segment cluster, a human Jis-
Cy3 gene segment cluster, a human Jis- Cie gene segment cluster and a human Ji7- rodent
Cy gene segment cluster.

[0944] In exemplary embodiment 650, provided herein is the method of any one of
embodiments 637 to 649, wherein the engineered immunoglobulin A chain locus comprises
at least 7 human Vi gene segments.

[0945] In exemplary embodiment 651, provided herein is the method of any one of
embodiments 637 to 650, wherein the engineered immunoglobulin A chain locus further
comprises a rodent A enhancer 2.4.

[0946] In exemplary embodiment 652, provided herein is the method of any one of
embodiments 637 to 651, wherein the engineered immunoglobulin A chain locus further
comprises a rodent 3’ A enhancer.

[0947] In exemplary embodiment 653, provided herein is the method of any one of
embodiments 637 to 652, wherein the engineered immunoglobulin A chain locus further
comprises a rodent A enhancer 3.1.

[0948] In exemplary embodiment 654, provided herein is the method of any one of
embodiments 637 to 653, wherein the engineered immunoglobulin A chain locus further
comprises a human 3’ A enhancer.

[0949] In exemplary embodiment 655, provided herein is the of any one of
embodiments 637 to 654, wherein the engineered immunoglobulin A chain locus is
positioned at an endogenous immunoglobulin A chain locus.

[0950] In exemplary embodiment 656, provided herein is the method of
embodiment 655, wherein the engineered immunoglobulin A chain locus replaces all or part
of the endogenous immunoglobulin A chain locus.

[0951] In exemplary embodiment 657, provided herein is the method of any one of
embodiments 637 to 656, wherein the rodent is heterozygous for the engineered

immunoglobulin A chain locus.
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[0952] In exemplary embodiment 658, provided herein is the method of any one of
embodiments 637 to 656, wherein the rodent is homozygous for the engineered
immunoglobulin A chain locus.

[0953] In exemplary embodiment 659, provided herein is the method of any one of
embodiments 519 to 658, further comprising in its genome an engineered neonatal Fc
receptor (FcRn) locus comprising a nucleic acid sequence encoding a FcRn polypeptide

comprising a human extracellular domain.

[0954] In exemplary embodiment 660, provided herein is the method of
embodiment 659, wherein the FcRn polypeptide further comprises a rodent transmembrane
domain.

[0955] In exemplary embodiment 661, provided herein is the method of
embodiment 659, wherein the FcRn polypeptide further comprises a human transmembrane
domain.

[0956] In exemplary embodiment 662, provided herein is the method of any one of

embodiments 659 to 661, wherein the FcRn polypeptide further comprises a rodent
cytoplasmic domain.

[0957] In exemplary embodiment 663, provided herein is the method of any one of
embodiments 659 to 661, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[0958] In exemplary embodiment 664, provided herein is the method of any one of
embodiment 659 to 663, wherein the nucleic acid sequence encoding the FcRn polypeptide
is positioned at an endogenous rodent FcRn locus.

[0959] In exemplary embodiment 665, provided herein is the method of
embodiment 664, wherein the nucleic acid sequence encoding the FcRn polypeptide
replaces all or part of an endogenous rodent FcRn gene.

[0960] In exemplary embodiment 666, provided herein is the method of
embodiment 665, wherein the nucleic acid sequence encoding the FcRn extracellular
domain replaces an endogenous nucleic acid sequence encoding a rodent FcRn extracellular
domain.

[0961] In exemplary embodiment 667, provided herein is the method of any one of

embodiments 659 to 666, wherein the rodent does not express a rodent FcRn.
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[0962] In exemplary embodiment 668, provided herein is the method of any one of
embodiments 659 to 667, wherein the rodent is heterozygous for the engineered FcRn
locus.

[0963] In exemplary embodiment 669, provided herein is the method of any one of
embodiments 659 to 667, wherein the rodent is homozygous for the engineered FcRn locus.
[0964] In exemplary embodiment 670, provided herein is the method of any one of
embodiments 659 to 669, further comprising in its genome an engineered -2-
microglobulin (B2M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (f2M) polypeptide.

[0965] In exemplary embodiment 671, provided herein is the method of
embodiment 670, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide is positioned at an endogenous rodent $2M locus.

[0966] In exemplary embodiment 672, provided herein is the method of
embodiment 671, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide replaces all or part of the endogenous rodent p2M gene.

[0967] In exemplary embodiment 673, provided herein is the rodent of any one of
embodiments 670 to 672, wherein the nucleic acid sequence comprises exons 2-4 of a
human 2M gene.

[0968] In exemplary embodiment 674, provided herein is the method of any one of
embodiments 670 to 673, wherein the rodent does not express a rodent 32M polypeptide.
[0969] In exemplary embodiment 675, provided herein is the method of any one of
embodiments 560 to 674, wherein the rodent is heterozygous for the engineered 2M locus.
[0970] In exemplary embodiment 676, provided herein is the method of any one of
embodiments 560 to 674, wherein the rodent is homozygous for the engineered f2M locus.
[0971] In exemplary embodiment 677, provided herein is the method of any one of
embodiments 519 to 676, further comprising in its genome an engineered Fc epsilon
receptor 1 alpha (FceR1a) locus comprising a nucleic acid sequence encoding an FceR1a
polypeptide comprising a human extracellular domain.

[0972] In exemplary embodiment 678, provided herein is the method of
embodiment 677, wherein the FceR1a polypeptide further comprises a rodent

transmembrane domain.
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[0973] In exemplary embodiment 679, provided herein is the method of
embodiment 677, wherein the FceR1a polypeptide further comprises a human
transmembrane domain.

[0974] In exemplary embodiment 680, provided herein is the method of any one of
embodiments 677 to 679, wherein the FceR1a polypeptide further comprises a rodent
cytoplasmic domain.

[0975] In exemplary embodiment 681, provided herein is the method of any one of
embodiments 677 to 679, wherein the FceR1a polypeptide further comprises a human
cytoplasmic domain.

[0976] In exemplary embodiment 682, provided herein is the method of any one of
embodiment 677 to 681, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FceR1a locus.

[0977] In exemplary embodiment 683, provided herein is the method of
embodiment 682, wherein the nucleic acid sequence encoding the FceR1a, polypeptide
replaces all or part of an endogenous rodent FceR1a gene.

[0978] In exemplary embodiment 684, provided herein is the method of
embodiment 683, wherein the FceR1a polypeptide comprises a human extracellular
domain, a human transmembrane domain and a human cytoplasmic domain.

[0979] In exemplary embodiment 685, provided herein is the method of
embodiment 677, wherein the nucleic acid sequence encoding the human FceR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FceR1a extracellular domain.

[0980] In exemplary embodiment 686, provided herein is the method of any one of
embodiments 677 to 685, wherein the rodent does not express a rodent FceR1a.

[0981] In exemplary embodiment 687, provided herein is the method of any one of
embodiments 677 to 686, wherein the rodent is heterozygous for the engineered FceR1a
locus.

[0982] In exemplary embodiment 688, provided herein is the method of any one of
embodiments 677 to 686, wherein the rodent is homozygous for the engineered FceR1a
locus.

[0983] In exemplary embodiment 689, provided herein is the method of any one of

embodiments 519 to 688, further comprising in its genome an engineered Fc gamma
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receptor la (FcyR1a) locus comprising a nucleic acid sequence encoding an FcyR1a
polypeptide comprising a human extracellular domain.

[0984] In exemplary embodiment 690, provided herein is the method of
embodiment 689, wherein the FcyR1a polypeptide further comprises a rodent
transmembrane domain.

[0985] In exemplary embodiment 691, provided herein is the method of
embodiment 689, wherein the FcyR1a polypeptide further comprises a human
transmembrane domain.

[0986] In exemplary embodiment 692, provided herein is the method of any one of
embodiments 689 to 691, wherein the FcyR 1a polypeptide further comprises a rodent
cytoplasmic domain.

[0987] In exemplary embodiment 693, provided herein is the method of any one of
embodiments 689 to 691, wherein the FcyR 1a polypeptide further comprises a human
cytoplasmic domain.

[0988] In exemplary embodiment 694, provided herein is the method of any one of
embodiment 689 to 693, wherein the nucleic acid sequence encoding the FcyR1a
polypeptide is positioned at an endogenous rodent FcyR1a locus.

[0989] In exemplary embodiment 695, provided herein is the method of
embodiment 694, wherein the nucleic acid sequence encoding the FcyR1a polypeptide
replaces all or part of an endogenous rodent FcyR1a gene.

[0990] In exemplary embodiment 696, provided herein is the method of
embodiment 689, wherein the nucleic acid sequence encoding the human FcyR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FcyR1a extracellular domain.

[0991] In exemplary embodiment 697, provided herein is the method of any one of
embodiments 689 to 696, wherein the rodent does not express a rodent FcyR1a.

[0992] In exemplary embodiment 698, provided herein is the method of any one of
embodiments 689 to 697, wherein the rodent is heterozygous for the engineered FcyR 1a
locus.

[0993] In exemplary embodiment 699, provided herein is the method of any one of
embodiments 689 to 697, wherein the rodent is homozygous for the engineered FcyR1a

locus.
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[0994] In exemplary embodiment 700, provided herein is the method of any one of
embodiments 519 to 699, further comprising in its genome an engineered Fc gamma
receptor 2a (FcyR2a) locus comprising a nucleic acid sequence encoding a human FcyR2a
polypeptide.

[0995] In exemplary embodiment 701, provided herein is the method embodiment
700, wherein the nucleic acid sequence encoding the FcyR2a polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[0996] In exemplary embodiment 702, provided herein is the method of
embodiment 701, wherein the nucleic acid sequence encoding the human FcyR2a
polypeptide replaces all or part of an endogenous rodent low affinity FcyR gene.

[0997] In exemplary embodiment 703, provided herein is the method of any one of

embodiments 700 to 702, wherein the rodent is heterozygous for the engineered FcyR2a

locus.

[0998] In exemplary embodiment 704, provided herein is the method of any one of
embodiments 700 to 702, wherein the rodent is homozygous for the engineered FcyR2a
locus.

[0999] In exemplary embodiment 705, provided herein is the method of any one of

embodiments 519 to 704, further comprising in its genome an engineered Fc gamma
receptor 2b (FcyR2b) locus comprising a nucleic acid sequence encoding a human FcyR2b
polypeptide.

[01000] In exemplary embodiment 706, provided herein is the method embodiment
705, wherein the nucleic acid sequence encoding the FcyR2b polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[01001] In exemplary embodiment 707, provided herein is the method of
embodiment 706, wherein the nucleic acid sequence encoding the human FcyR2b

polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[01002] In exemplary embodiment 708, provided herein is the method of any one of
embodiments 705 to 707, wherein the rodent is heterozygous for the engineered FcyR2b
locus.

[01003] In exemplary embodiment 709, provided herein is the method of any one of

embodiments 705 to 707, wherein the rodent is homozygous for the engineered FcyR2b

locus.
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[01004] In exemplary embodiment 710, provided herein is the method of any one of
embodiments 519 to 709, further comprising in its genome an engineered Fc gamma
receptor 3a (FcyR3a) locus comprising a nucleic acid sequence encoding a human FcyR3a
polypeptide.

[01005] In exemplary embodiment 711, provided herein is the method embodiment
710, wherein the nucleic acid sequence encoding the FcyR3a polypeptide is positioned at an
endogenous rodent low affinity FcyR locus.

[01006] In exemplary embodiment 712, provided herein is the method of
embodiment 711, wherein the nucleic acid sequence encoding the human FcyR3a
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[01007] In exemplary embodiment 713, provided herein is the method of any one of

embodiments 710 to 712, wherein the rodent is heterozygous for the engineered FcyR3a

locus.

[01008] In exemplary embodiment 714, provided herein is the method of any one of
embodiments 710 to 712, wherein the rodent is homozygous for the engineered FcyR3a
locus.

[01009] In exemplary embodiment 715, provided herein is the method of any one of

embodiments 519 to 714, further comprising in its genome an engineered Fc gamma
receptor 3b (FcyR3b) locus comprising a nucleic acid sequence encoding a human FcyR3b
polypeptide.

[01010] In exemplary embodiment 716, provided herein is the method of
embodiment 715, wherein the nucleic acid sequence encoding the FcyR3b polypeptide is
positioned at an endogenous rodent low affinity FcyR locus.

[01011] In exemplary embodiment 717, provided herein is the method of
embodiment 716, wherein the nucleic acid sequence encoding the human FcyR3b
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[01012] In exemplary embodiment 718, provided herein is the method of any one of
embodiments 715 to 717, wherein the rodent is heterozygous for the engineered FcyR3b
locus.

[01013] In exemplary embodiment 719, provided herein is the method of any one of
embodiments 715 to 717, wherein the rodent is homozygous for the engineered FcyR3b

locus.
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[01014] In exemplary embodiment 720, provided herein is the method of any one of
embodiments 519 to 719, further comprising in its genome an engineered Fc gamma
receptor 2¢ (FcyR2c¢) locus comprising a nucleic acid sequence encoding a human FcyR2c¢
polypeptide.

[01015] In exemplary embodiment 721, provided herein is the method of
embodiment 720, wherein the nucleic acid sequence encoding the FcyR2c¢ polypeptide is
positioned at an endogenous rodent low affinity FcyR locus.

[01016] In exemplary embodiment 722, provided herein is the method of
embodiment 721, wherein the nucleic acid sequence encoding the human FcyR2c¢
polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

[01017] In exemplary embodiment 723, provided herein is the method of any one of
embodiments 720 to 722, wherein the rodent does not express a rodent FcyR2c.

[01018] In exemplary embodiment 724, provided herein is the method of any one of
embodiments 720 to 723, wherein the rodent is heterozygous for the engineered FcyR2c
locus.

[01019] In exemplary embodiment 725, provided herein is the method of any one of
embodiments 720 to 723, wherein the rodent is homozygous for the engineered FcyR2c
locus.

[01020] In exemplary embodiment 726, provided herein is a method of making a
rodent comprising in its genome an engineered neonatal Fc receptor (FcRn) locus
comprising a nucleic acid sequence encoding a FcRn polypeptide comprising a human
extracellular domain, the method comprising modifying the genome of a rodent so that it
comprises a neonatal Fc receptor (FcRn) locus comprising a nucleic acid sequence

encoding an FcRn polypeptide comprising a human extracellular domain.

[01021] In exemplary embodiment 727, provided herein is the method of
embodiment 726, wherein the FcRn polypeptide further comprises a rodent transmembrane
domain.

[01022] In exemplary embodiment 728, provided herein is the method of
embodiment 726, wherein the FcRn polypeptide further comprises a human transmembrane
domain.

[01023] In exemplary embodiment 729, provided herein is the method of any one of

embodiments 726 to 728, wherein the FcRn polypeptide further comprises a rodent

cytoplasmic domain.
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[01024] In exemplary embodiment 730, provided herein is the method of any one of
embodiments 726 to 728, wherein the FcRn polypeptide further comprises a human
cytoplasmic domain.

[01025] In exemplary embodiment 731, provided herein is the method of any one of
embodiment 726 to 730, wherein the nucleic acid sequence encoding the FcRn polypeptide
is positioned at an endogenous rodent FcRn locus.

[01026] In exemplary embodiment 732, provided herein is the method of
embodiment 731, wherein the nucleic acid sequence encoding the FcRn polypeptide
replaces all or part of an endogenous rodent FcRn gene.

[01027] In exemplary embodiment 733, provided herein is the method of
embodiment 732, wherein the nucleic acid sequence encoding the human FcRn
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent FcRn
extracellular domain.

[01028] In exemplary embodiment 734, provided herein is the method of any one of
embodiments 726 to 733, wherein the rodent does not express a rodent FcRn.

[01029] In exemplary embodiment 735, provided herein is the method of any one of
embodiments 726 to 734, wherein the rodent is heterozygous for the engineered FcRn
locus.

[01030] In exemplary embodiment 736, provided herein is the method of any one of
embodiments 726 to 734, wherein the rodent is homozygous for the engineered FcRn locus.
[01031] In exemplary embodiment 737, provided herein is the method of any one of
embodiments 726 to 736, further comprising in its genome an engineered -2-
microglobulin (32M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (B2M) polypeptide.

[01032] In exemplary embodiment 738, provided herein is the method of
embodiment 737, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide is positioned at an endogenous rodent f2M locus.

[01033] In exemplary embodiment 739, provided herein is the method of
embodiment 738, wherein the nucleic acid sequence encoding a human or humanized f2M
polypeptide replaces all or part of the endogenous rodent p2M gene.

[01034] In exemplary embodiment 740, provided herein is the rodent of any one of
embodiments 737 to 739, wherein the nucleic acid sequence comprises exons 2-4 of a

human B2M gene.
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[01035] In exemplary embodiment 741, provided herein is the method of any one of
embodiments 737 to 740, wherein the rodent does not express a rodent B2M polypeptide.
[01036] In exemplary embodiment 742, provided herein is the method of any one of
embodiments 737 to 741, wherein the rodent is heterozygous for the engineered f2M locus.
[01037] In exemplary embodiment 743, provided herein is the method of any one of
embodiments 737 to 741, wherein the rodent is homozygous for the engineered f2M locus.
[01038] In exemplary embodiment 744, provided herein is a method of making a
rodent comprising in its genome an engineered Fc epsilon receptor 1 alpha (FceR1a) locus
comprising a nucleic acid sequence encoding an FceR1a polypeptide comprising a human
extracellular domain, the method comprising modifying the genome of a rodent so that it
comprises an engineered FceR 1o, locus comprising a nucleic acid sequence encoding an
FceR1a polypeptide comprising a human extracellular domain.

[01039] In exemplary embodiment 745, provided herein is the method of
embodiment 744, wherein the FceR 1o polypeptide further comprises a rodent
transmembrane domain.

[01040] In exemplary embodiment 746, provided herein is the method of
embodiment 744, wherein the FceR1a polypeptide further comprises a human
transmembrane domain.

[01041] In exemplary embodiment 747, provided herein is the method of any one of
embodiments 744 to 746 wherein the FceR1a polypeptide further comprises a rodent
cytoplasmic domain.

[01042] In exemplary embodiment 748, provided herein is the method of any one of
embodiments 744 to 746, wherein the FceR1a polypeptide further comprises a human
cytoplasmic domain.

[01043] In exemplary embodiment 749, provided herein is the method of any one of
embodiment 744 to 748, wherein the nucleic acid sequence encoding the FceR1a
polypeptide is positioned at an endogenous rodent FcyR1 locus.

[01044] In exemplary embodiment 750, provided herein is the method of
embodiment 749, wherein the nucleic acid sequence encoding the FceR1a polypeptide
replaces all or part of an endogenous rodent FceR1a gene.

[01045] In exemplary embodiment 751, provided herein is the method of
embodiment 750, wherein the FceR1a polypeptide comprises a human extracellular

domain, a human transmembrane domain and a human cytoplasmic domain.
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[01046] In exemplary embodiment 752, provided herein is the method of
embodiment 744, wherein the nucleic acid sequence encoding the human FceR1a
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FceR1o extracellular domain.

[01047] In exemplary embodiment 753, provided herein is the method of any one of
embodiments 744 to 752, wherein the rodent does not express a rodent FceR1a.

[01048] In exemplary embodiment 754, provided herein is the method of any one of
embodiments 744 to 753, wherein the rodent is heterozygous for the engineered FceR 1a
locus.

[01049] In exemplary embodiment 755, provided herein is the method of any one of
embodiments 744 to 753, wherein the rodent is homozygous for the engineered FceR1a
locus.

[01050] In exemplary embodiment 756, provided herein is the method of any one of
embodiments 519 to 755, wherein the rodent is a mouse.

[01051] In exemplary embodiment 757, provided herein is the method of any one of

embodiments 519 to 755, wherein the rodent is a rat.

EXAMPLES

Example 1: Genetic Engineering of Mice Comprising Humanized Immunoglobulin
Constant Regions

[01052] This example illustrates exemplary methods of constructing a series of
targeting vectors for insertion into the genome of a non-human animal such as a rodent
(e.g., a mouse). The methods described in this example demonstrate the production of non-
human animals whose genomes comprise an engineered immunoglobulin heavy chain
constant region and/or an engineered immunoglobulin light chain (kappa or lambda)
constant region. In particular, this example demonstrates the construction of targeting
vectors for engineering immunoglobulin heavy constant regions so that the non-human
animals express and/or produce antibodies that include immunoglobulin heavy chains
having human variable domains and constant domains that are human, in whole or in part
(e.g., comprise a human portion and a rodent portion). It also demonstrates the construction
of targeting vectors for engineering immunoglobulin light constant regions so that the non-

human animals express and/or produce antibodies that include immunoglobulin light chains
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having human variable domains and constant domains that are human, in whole or in part
(e.g., comprise a human portion and a rodent portion). Further, such antibodies are
contemplated to form functional B cell receptors on the surface of B cells in the non-human
animal. A schematic summary of various rodent strains containing selected, engineered
immunoglobulin heavy chain constant regions is set forth in Figure 1A, and containing
selected, engineered immunoglobulin light chain constant regions is set forth in Figure 2A.
For simplicity, human Vu gene segments are not shown; only a small number of gene
segments are represented schematically — for a full repertoire of possible present V(D)J
gene segments see imgt.org; Lefranc, M.-P., Exp. Clin. Immunogenet., 18, 100-116 (2001);,
Lefranc, M.-P. and Lefranc, G., The Immunoglobulin FactsBook, Academic Press, London,
458 pages (2001); U.S. Patent Nos. 8,642,835 and 8,697,940; or Macdonald et al. PNAS
(2014) vol. 111 (14):5147-5152, all incorporated herein by reference in their entireties.
[01053] DNA constructs and targeting vectors containing human immunoglobulin
constant region coding sequences for insertion into selected rodent immunoglobulin
constant regions were created from human and mouse bacterial artificial chromosomes
(BAC) using VELOCIGENE® technology (see, e.g., U.S. Patent No. 6,586,251 and
Valenzuela et al., 2003, Nature Biotech. 21(6):652-9; incorporated herein by reference) and
molecular biology techniques known in the art. The methods described in this example can
be employed to utilize any human immunoglobulin constant region coding sequence, or
combination of coding sequences (or sequence fragments) as desired.

[01054] The targeted BAC DNA was used to electroporate mouse ES cells to create
modified ES cells for generating mice that express human or chimeric mouse/human
immunoglobulin constant region coding sequences as depicted in Figures 1A an 2A. ES
cells containing appropriate modifications were identified by a quantitative TAQMAN™
assay (see, e.g., Lie and Petropoulos, 1998. Curr. Opin. Biotechnology 9:43-48,
incorporated herein by reference). Specific primer sets and probes were designed for
detecting insertion of human sequences (gain-of-allele, GOA) and deletion of mouse
sequences (loss-of-allele, LOA).

[01055] Targeted ES cells were used as donor ES cells and introduced into an 8-cell
stage mouse embryo by the VELOCIMOUSE® method (see, e.g., US Pat. No. 7,294,754
and Poueymirou et al. (2007) FO generation mice that are essentially fully derived from the
donor gene-targeted ES cells allowing immediate phenotypic analyses Nature Biotech.

25(1):91-99). VELOCIMICE® (FO0 mice fully derived from the donor ES cell)
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independently bearing the modified allele were identified by genotyping using a
modification of allele assay that detects the presence of the unique gene sequences, e.g.,
human gene sequences. Selected heterozygous mice bearing the modified allele were bred

to homozygosity.

Example 1.1: Genetic Engineering of Mice Comprising Human Heavy Chain Variable
Regions and Chimeric or Fully Human Heavy Chain Constant Regions

[01056] To generate rodents that can be used for human antibody testing (e.g.,
pharmacokinetic and dosing studies of therapeutic antibodies), several approaches were
implemented. In the first approach, mice were generated that comprised human heavy chain
variable regions and heavy chain constant regions that contained either chimeric (human
Cu1-H-Cu2-Cu3 coding sequences and mouse M1-M2 coding sequences) or fully human
(Cu1-H-Cu2-Cu3-M1-M2 coding sequences) heavy chain constant region gene segments.
Such mice could be used, for example, to test therapeutic antibodies which isotype matched
the immunoglobulin constant domain (i.e., the Cul-H-Cu2-Cu3 portion of the constant
domain) which is encoded by the modified gene segment (e.g., testing IgG1 antibodies in
mice comprising a genetically engineered IgG1 constant).

[01057] In one example, mice were constructed that comprised human heavy chain
variable region sequences and a chimeric human (human Ca1-H-Cu2-Cn3) — mouse (mouse
M1-M2) constant region sequence where the Cul-H-Cu2-Cu3 coding sequence of the
human IgG1 was operably linked with the M1-M2 coding sequence of mouse IgG2a at the
endogenous IgG2a locus (Figure 1A, mouse locus 1). Briefly, a plasmid was constructed
using a DNA fragment that included human IgG1 Cul-H-Cu2-Cu3 synthetic gene from
Blue Heron and flanked by regions of overlap with a mouse IgG2a constant region gene.
The resulting plasmid was cloned via several steps of digestion/ligation/CRIPSR-Cas9
isothermal assembly to generate a BAC clone so that the human IgG1 Cul-H-Cu2-CH3
sequence was operably linked to the transmembrane and cytoplasmic-encoding sequences
(i.e., M1 and M2 exons) of a mouse IgG2a constant region gene. The BAC clone also
contained both mouse IgG2a switch region (Sy2a) and mouse IgE switch region (Sg), as
well as mouse IgE constant region gene segment. The clone was introduced via
electroporation into mouse ES cells to generate modified ES cells that could be used to
generate mice comprising the immunoglobulin locus depicted in Figure 1A, locus 1, where

a nucleic acid sequence encoding human IgG1 extracellular portion of the constant domain
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is operably linked to a nucleic acid sequence encoding mouse [gG2a connecting,
transmembrane and cytoplasmic portions of the constant domain at the endogenous mouse
IgG2a locus. The remaining heavy chain constant region isotype sequences were fully
mouse. The mouse ES cells used for electroporation comprised human heavy chain variable
gene segments (human Vu, D, and Ju variable gene segments) operably linked to a mouse
heavy chain constant region, including inserted murine Adamo6-encoding sequence; see,
e.g., U.S. Patent Nos. 8,642,835 and 8,697,940, incorporated herein by reference.

[01058] In another example, mice were constructed that comprised human heavy
chain variable region sequences and fully human IgG1 constant region sequence (human
Cul1-H-Cu2-Cu3-M1-M2) at the endogenous mouse IgG2a locus (Figure 1A, mouse locus
2). Briefly, human M1-M2 sequences were amplified using BAC clone RP11-448n5
(Thermo Fisher Scientific) as a template, and in the course of several steps of genetic
engineering introduced into the BAC clone used to generate mouse locus 1 described above
in place of the endogenous mouse IgG2a M1-M2 sequence. The resultant BAC clone for
use in introducing into ES cells contained a DNA fragment that contained human IgG1
Cu1-H-Cu2-Cu3-M1-M2 coding sequences, mouse IgG2a (Sy2a) and IgE (S¢) switch
regions, and a mouse IgE constant region gene segment. The mouse generated from the
genetically modified ES cells comprised the immunoglobulin locus depicted in Figure 1A,
locus 2, where a nucleic acid sequence encoding human IgG1 constant domain replaced
nucleic acid sequence encoding endogenous mouse IgG2a constant domain at the
endogenous mouse IgG2a gene segment locus. The remaining heavy chain constant region
isotype sequences were fully mouse. The mouse ES cells used herein comprised human
heavy chain variable gene segments (human Vu, D, and Ju variable gene segments)
operably linked to a mouse heavy chain constant region, including inserted murine Adam6-
encoding sequence; see, e.g., U.S. Patent Nos. 8,642,835 and 8,697,940, incorporated
herein by reference.

[01059] In yet another example, mice were constructed that comprised human heavy
chain variable region sequences and a chimeric human (human Cul-H-Cu2-Cu3) — mouse
(mouse M1-M2) constant region sequence where the Cul-H-Cu2-Cu3 coding sequence of
the human IgG4 was operably linked with the M1-M2 coding sequence of mouse IgG1 at
the endogenous IgG1 locus (Figure 1A, mouse locus 3). Briefly, using BAC CTD-3034B12
(Thermo Fisher Scientific) as a template, a plasmid was constructed that included a DNA

fragment encoding human IgG4 Cul-H-Cu2-Cu3, flanked by regions of overlap with a
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mouse IgG1 constant region gene. The resulting plasmid was cloned via several steps of
digestion/ligation/CRIPSR-Cas9 isothermal assembly into BMQ-263J18 (The Sanger
Centre) to generate a BAC clone so that the human IgG4 Cul-H-Cu2-Cu3 sequence was
operably linked to the transmembrane and cytoplasmic-encoding sequences (i.e., M1 and
M2 exons) of a mouse IgG1 constant region gene. This BAC clone also contained mouse
IgG1 switch region (Sy1), and a mouse IgG2b constant region gene segment. The clone was
introduced via electroporation into mouse ES cells to generate modified ES cells for
generating mice comprising the immunoglobulin locus depicted in Figure 1A, locus 3,
where a nucleic acid sequence encoding human IgG4 extracellular portion of the constant
domain is operably linked to a nucleic acid sequence encoding mouse IgG1 transmembrane
portion of the constant domain at the endogenous mouse IgG1 gene segment locus. The
remaining heavy chain constant region isotype sequences were fully mouse. The mouse ES
cells used for electroporation comprised human heavy chain variable gene segments
(human Vu, D, and Ju variable gene segments) operably linked to a mouse heavy chain
constant region, including inserted murine Adam6-encoding sequence; see, e.g., U.S. Patent
Nos. 8,642,835 and 8,697,940, incorporated herein by reference.

[01060] In yet another example, mice were constructed that comprised human heavy
chain variable region sequences and fully human IgG4 constant region sequence (human
Cu1-H-Cu2-Cu3-M1-M2) at the endogenous mouse IgG1 locus (Figure 1A, mouse locus
4). Briefly, human Cu1-H-Cu2-Cu3-M1-M2 sequences were amplified using BAC clone
CTD-3034B12 (Thermo Fisher Scientific) as a template, and in the course of several steps
of genetic engineering introduced into the BAC clone BMQ-263J18 (The Sanger Centre) in
place of the endogenous mouse IgG1 Cul-H-Cu2-Cu3-M1-M2 sequence. The resultant
BAC clone for use in introducing into ES cells contained a DNA fragment that contained
human IgG4 Cul-H-Cu2-Cu3-M1-M2 coding sequences and a mouse IgG1 (Sy1) switch
region, and a mouse IgG2b constant region gene segment. The mouse generated from the
genetically modified ES cells comprised the immunoglobulin locus depicted in Figure 1A,
4, where a nucleic acid sequence encoding human IgG4 constant domain replaced nucleic
acid encoding endogenous mouse IgG1 constant domain at the endogenous mouse IgG1
gene segment locus. The remaining heavy chain constant region isotype sequences were
fully mouse. The mouse ES cells used for electroporation comprised human heavy chain

variable gene segments (human Vu, D, and Ju variable gene segments) operably linked to a
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mouse heavy chain constant region, including inserted murine Adam6-encoding sequence;
see, e.g., U.S. Patent Nos. 8,642,835 and 8,697,940, incorporated herein by reference.
[01061] Mice were also constructed that comprised a human heavy chain variable
region and a constant region comprising fully human IgM, IgD, IgG3, and IgG1 gene
segments at the endogenous mouse immunoglobulin heavy chain locus (Figure 1A, mouse
5).

[01062] In order to generate a construct for targeting mouse ES cells that comprised
human heavy chain variable regions and human heavy chain constant regions, first a
construct was generated that comprised a deletion of the entire mouse IgH constant region
(IgM, IgD, IgG3, IgG1, IgG2b, IgG2a, IgE, and IgA) between intronic enhancer (Ept) and
3’ regulatory region (3’RR) that was then targeted into the VELOCIMMUNE® ES Cells.
[01063] Briefly, a BAC designated 3hVh BACvec, previously described in
Macdonald et al. PNAS (2014) vol. 111 (14):5147-5152 (incorporated herein by reference)
was modified by removal of the 3’ mouse IgM gene of 3hVH by bacterial homologous
recombination (BHR) and selection cassette swap, and removal of 5° mouse homology arm.
A 3’ mouse homology arm was made by two BHR modifications of BAC RP23-351j19
(Thermo Fisher Scientific), which included deletion of the mouse IgG2b, IgG2a, IgE, and
IgA genes was from the 5° end of RP23-351j19, and incorporation of unique restriction
sites. A restriction fragment of this second construct was ligated into the first construct to
make the final LTVEC (MAID6022). MAID6022 contained from 5° to 3’: EM7 hyg
cassette, human IGHDs/IGHJs, mouse IgM enhancer from BAC CT7-302a07, synthetic
linker, a unique I-Ceul site, a lox2372-ub-neo-lox2372 cassette with a unique Ascl site 5’
of the 3° lox2372 site, a 40.5 kb region of the mouse IgH locus beginning in the 3> UTR of
the IgA gene and ending downstream of the 3’ RR, and a unique PI-Scel site.

[01064] This vector was designated MAID6022 (figure 1B), and was used for
introducing human heavy chain variable region sequences in the next engineering step.
[01065] Next, human DNA from BAC RP11-448n5 (Thermo Fisher Scientific) was
modified by BHR to trim the 3’ end of the BAC and insert a lox2372-ub-hyg-lox2372
cassette. The cassette contained a unique Ascl site 5° of the 3° 10x2372 site. The human-
1ox2372 junction was 3.7 kb downstream of the IgG1 polyA signal. This construct was
designated VI694. A 3° mouse homology arm was obtained from mouse BAC RP23-351;19
Thermo Fisher Scientific via several steps of BHR and ligated onto the human BAC. The

resultant BAC clone comprised the following sequences, listed in Table 1:
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Table 1: Genome Coordinates for a Targeting Vector Used to Generate Mouse Locus
5 (MAID 6993)

Region Genome coordinates (mouse: GRCm38, or human: | kb
GRCh38)
5’ human homology arm 14: 105,888,576 -105,862,976 (-stand) ~33
Human 14: 105,862,975-105,732,864 (- strand) ~130
3’ mouse homology arm 12: 113,215,726-113,256,185 (- strand) ~40.4
[01066] The resultant large targeting vector was electroporated into ES cells

comprising human heavy chain variable gene segments, inserted murine Adamé6-encoding
sequence, and a 170Kb deletion of the mouse heavy chain constant region sequence (See
Figure 1B). Subsequent to the introduction of the human constant region sequences, the
selection cassette was removed using Cre recombinase. The junction of various sequences
of modified allele of the mouse locus 5 from Figure 1A, prior to selection cassette deletion,
are listed in Table 2 below.

Table 2: Junctions of Genetically Modified Allele of Mouse Locus 5

Junction Sequence SEQID

NO:

5’ human | TGGGACTCAGGTTGGGTGCGTCTGATGGAGTAACTGAGCC 1

homology | TGGGCECTTGEGGAGCCACATTTGGACGAGATGCCTGAAC
2.

arm/
Human
gene IgM
Human TAACAGAGAATGGAGAATGGCGATGACTTCTACCAAGC 2
gene IgG1 ACCGGTATAACTTCGTATAAGGTATCCTATACGAAGTTAT

sequence/
Agel/ 5’
lox2372
Ascl/ 3’ GGCGCGCCATAACTTCGTATAAGGTATCCTATACGAAGTTATCTCGAG | 3
lox2372/ | AGGTGGCAGTCATGGAGATGGTGGGGTACAGGGTGGGGGC
Xhol/ 3’
mouse
sequence
Regular font represents mouse sequences, bold font represents human sequences, restriction
enzyme sites/vector sequences are underlined, and loxp sites are in Italics.

[0100] The mouse generated from the genetically modified ES cells comprised the
immunoglobulin locus depicted in Figure 1A, locus 5, where a nucleic acid sequence

encoding human IgM, IgD, 1gG3, IgG1 constant region gene segments replaced nucleic
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acid encoding endogenous mouse heavy chain constant region gene segments at the
endogenous mouse heavy chain constant region locus.

[0101] Mice were also constructed that comprised additional human heavy chain
constant region sequences, such as human IgM, IgD, IgG3, IgG1, IgG2, and IgG4
sequences at the endogenous heavy chain locus. These mice, depicted in Figure 1A, mouse
6, comprised human heavy chain variable region and fully human IgM, IgD, IgG3, IgG1,
IgG2, and IgG4 sequences at the endogenous mouse immunoglobulin heavy chain locus.
[0102] Briefly, 42.9 Kb of human DNA sequence comprising IgG2 and IgG4
sequences were obtained from human BAC CTD-3034B12 (Thermo Fisher Scientific) and
modified via several steps of bacterial homologous recombination, digestion and ligation to
add 5’ and 3° human homology arms. The genome coordinates for the resulting BAC clone

are listed in Table 3 below.

Table 3: Genome Coordinates for a Targeting Vector Used to Generate Mouse Locus

6 (MAID 20168)

Region Genome coordinates (mouse: GRCm38, or kb
human: GRCh38)
5’ human homology arm 14:105,732,663-105,751,156 (- strand) ~18.5
Human gene IGG2 and 14: 105,614,742- 105,657,695 (- strand) ~42.9
1GG4
3’ mouse homology arm 12:113,215,726 — 113,256,185 (- strand) ~40.4
[01067] The resultant large targeting vector was electroporated into ES cells

comprising human heavy chain variable regions and human heavy chain IgM, IgD, IgG3,
and IgG1 constant region gene segments of mouse locus 5 described above (see Figure 1C).
The various junctions of the resulting allele are described in Table 4 below. The selection

cassette was removed by Cre recombinase.
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Table 4: Junctions of Genetically Modified Allele of Mouse Locus 6

Junction Sequence SEQ
D
NO:

5> human TCTGTGCCTAGTTAACAGAGAATGGAGAATGGCGATGACTTCTACCAAGC 4

homology | CGCCGECG
arm ACTCATCACCAAGGGGAAGATGCTCAATCATTCATGAGGGATCTGCCCCC

Mrel/
Human
gene 1GG2

Human ATGCTCTTTATCTTATTAACTAAGGTGTCGTAACCAGTTCAAAGTGGAATT | 5

gene IGG4 | ACCGGT
/Agel/ 5 | ATAACTICGTATAAGGTATCCTATACGAAGTTAT

10x2372

3’ ATAACTTCGTATAAGGTATCCTATACGAAGTTAT 6
lox2372/ CTCGAGGCGGCCGC
Not1/ AGGTGGCAGTCATGGAGATGGTGGGGTACAGGGTGGGGGCAGGGGCACTC

mouse 3’
RR

Regular font represents mouse sequences, bold font represents human sequences, restriction
enzyme sites/vector sequences are underlined, and loxp sites are in Italics.

[01068] The mouse generated from the genetically modified ES cells comprised the
immunoglobulin locus depicted in Figure 1A, 6, where a nucleic acid sequence encoding
human IgM, IgD, 1gG3, IgG1, 1gG2, and IgG4 constant region gene segments replaced
nucleic acid encoding endogenous mouse heavy chain constant region gene segments at the
endogenous mouse heavy chain constant region locus.

[01069] All genetically modified ES cells, comprising human heavy chain variable
regions and chimeric or fully human heavy chain constant regions generated in this
Example were used to make genetically modified mice using VELOCIMOUSE® method

described above.

Example 1.2: Genetic Engineering of Mice Comprising Mouse Heavy Chain Variable
Regions and Human Heavy Chain Constant Regions

[01070] In order to generate a construct for targeting mouse ES cells that comprised
mouse heavy chain variable regions and human heavy chain constant regions, first a
construct was generated that comprised a deletion of the entire mouse IgH constant region
(IgM, IgD, IgG3, IgGl, IgG2b, IgG2a, IgE, and IgA) between the intronic enhancer (Ep)
and the 3’ regulatory region (3’RR).
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[01071] Briefly, a 5.2 kb 5” mouse homology arm was amplified by PCR from BAC
clone BMQ-451A16 (The Sanger Centre) and cloned using isothermal assembly into a
plasmid with an R6K origin of replication and a lox2372-ub-neo cassette. The resulting
plasmid contains from 5’ to 3”: the 392 bp R6K ori, a unique I-Ceul site, a 5.2 kb region of
the mouse IgH locus including DQ52, JH1-4, and Ep, a unique Notl site, the lox2372-ub-
neo cassette, and a unique Ascl site. This plasmid was digested, and a I-Ceul-Ascl fragment
of the plasmid was ligated into a vector derived from mouse BAC clone RP23-351j19
(Thermo Fisher Scientific) that contained from 5’ to 3’: a unique I-Ceul site, a lox2372-ub-
hyg-lox2372 cassette with a unique Ascl site 5° of the 3" 10x2372 site, a 40.5 kb region of
the mouse IgH locus beginning in the 3° UTR of the IgA gene and ending downstream of
the 3° RR, a unique PI-Scel site, and a spectinomycin-resistance (Spec) cassette. The
resulting vector contained from 5’ to 3’ a unique I-Ceul site, a 5.2 kb 5’ mouse homology
arm (including DQ52, JH1-4, and Ep), a unique Notl site, a 1ox2372-ub-neo-1ox2372
cassette, a 40.5 kb 3’ mouse homology arm (including the IgH 3’RR), a unique PI-Scel site,
and a Spec cassette. This vector (depicted as MAID6577 in Figure 1D), was used for
introducing human heavy chain variable region sequences in the next engineering step, and
also for electroporation into mouse ES cells to generate ES cells with a deletion of the
entire mouse entire mouse IgH constant region.

[01072] In the next engineering step, human BAC clone RP11-448n5 was modified
by BHR to replace 5.3 kb of the human insert plus the CM cassette with a lox2372-ub-hyg-
1ox2372 cassette. The cassette contained a unique Ascl site 5 of the 3 10x2372 site. The
human-lox2372 junction was 3.7 kb downstream of the IgG1 polyA signal. This construct
was designated VI694. Subsequently, V1694 was modified by BHR to replace 34.3 kb of
the human insert with a CM cassette and unique Notl site. The Notl-human junction was 3’
of Ep and 5’ of the IgM switch region (Sp). This construct was designated VI695. The
131.7 kb Notl-Ascl fragment of VI695 (human insert and lox2372-ub-hyg cassette) was
ligated into MAID6577 to make the final targeting vector MAID6739 (mouse locus 7 in
Figure 1A). MAID6739 contains, from 5’ to 3’: a unique I-Ceul site, a 5.2 kb 5” mouse
homology arm (including DQ52, JH1-4, and Ep), a unique Notl site, a 130 kb region of the
human IgH constant gene locus (including the IgM, IgD, IgG3, and IgG1 genes), a
lox2372-ub-hyg-lox2372 cassette, a 40.5 kb 3’ mouse homology arm (beginning in the 3’
UTR of IgA, and ending 3” of the 3° RR), a unique PI-Scel site, and a Spec cassette. The
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genomic coordinates for the targeting vector are depicted in Table 5 and the junction

sequences of the modified allele are listed in Table 6.

Table 5: Genomic Coordinates for a Targeting Vector Used to Generate Mouse Locus

7 (MAID 6739)

Region Genome coordinates (mouse: GRCm38, or human: | kb
GRCh38)

5’ mouse homology arm Chr12: 113,432,184-113,426,948 (- strand) ~5.2

Human IgHC region Chr14: 105,861,617-105,732,663 (- strand) ~130

3’ mouse homology arm Chrl2: 113,256,185- 113,215,726 (- strand) ~40.5

Table 6: Junctions of Genetically Modified Allele of Mouse Locus 7

Junction | Sequence SEQ
ID NO

5’ mouse | TTAAATGAATGCAATTATCTAGACTTATTTCAGTTGAACATGCTGGTTGG | 7

arm/ GCGGCCGC

human TGGCATAAGAGAAAACTCAATCAGATAGTGCTGAAGACAGGACTGTGGAG

IgHC

human TCTGTGCCTAGTTAACAGAGAATGGAGAATGGCGATGACTTCTACCAAGC 8

IgHC/ 5’ ACCGGT

lox2372 | ATAACTTCGTATAAGGTATCCTATACGAAGTTAT

3’ ATAACTTCGTATAAGGTATCCTATACGAAGTTAT 9

lox2372/ | SLCCAG

3> mouse | AGCTGGCAGTCATGGAGAT GGTGGGGTACAGGGTGGGGGCAGGGGCACTC

arm

Regular font represents mouse sequences, bold font represents human sequences, restriction
enzyme sites/vector sequences are underlined, and loxp sites are in Italics.

[01073] The resultant large targeting vector was electroporated into mouse ES cells
that comprised a deletion of the entire mouse IgH constant region (MAID 6577) in order to
insert the human IgM, IgD, IgG3, and IgG1 gene segments. Selection cassette was removed
by Cre recombinase.

[01074] The mouse generated from the genetically modified ES cells comprised the
immunoglobulin locus depicted in Figure 1A, locus 7, where a nucleic acid sequence
encoding human IgM, IgD, IgG3, IgG1 constant region gene segments replaced nucleic
acid encoding endogenous mouse heavy chain constant region gene segments at the
endogenous mouse heavy chain constant region locus.

[01075] Subsequent to generating ES cells and mice comprising the mouse locus

depicted in Figure 1A, locus 7, mice were generated that comprised additional human
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heavy chain constant region sequences, such as human IgM, IgD, IgG3, IgG1, IgG2, and
IgG4 sequences at the endogenous heavy chain locus. These mice, depicted in Figure 1A,
locus 8, comprised mouse heavy chain variable region and fully human IgM, IgD, 1gG3,
IgGl, IgG2, and 1gG4 region gene segments at the endogenous mouse immunoglobulin
heavy chain locus. In order to generate these mice, the same targeting vectors and protocols
were used as described above for constructing mouse locus 6, as depicted in Figure 1E.
[01076] All genetically modified ES cells, comprising mouse heavy chain variable
regions and chimeric or human heavy chain constant regions generated in this Example
were used to make genetically modified mice using VELOCIMOUSE® method described

above.

Example 1.3: Genetic Engineering of Mice Comprising Human Light Chain Constant
Regions

[01077] Genetically engineered mice comprising human light chain constant regions
were generated as follows.

[01078] First, to generate a mouse comprising a human kappa light chain constant
region, 0.5Kb of human IGKC gene was synthesized by BlueHeron, and contained genomic
nucleic acid sequence from 5’UTR at the distal end of IGKC gene to the 3° end downstream
of the polyA tail. A loxP-Ub-Neo-loxP selection cassette was added at the 3” end of this
sequence. CRISPR/Cas9 and isothermal assembly techniques were used to introduce the
human IGKC sequence into mouse BAC BMQ-126m16 (The Sanger Centre). The 5° CM
cassette and mouse IgKJs were then removed by BHR using a spec selection cassette. The
genome coordinates of the resulting BAC clone are described in Table 7 and the junction

sequences of the modified allele are listed in Table 8.

Table 7: Genomic Coordinates for a Targeting Vector Used to Generate a Mouse

Comprising Human IgKC
Region Genome coordinates (mouse: GRCm38, or kb
human: GRCh38)
5’ mouse homology arm 6:707,24,056-70,726,317 (+ strand) ~2.3
Human gene (5S’UTR- 2:88,857,079-88,857,800 (- strand) ~0.7
polyA)
3’ mouse homology arm 6:70,727,061-707,56,817 (+ strand) ~29.7
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Table 8: Junctions of Genetically Modified Mouse Allele Comprising Human IgKC

Junction | Sequence SEQ
D
NO:

Mouse AAACAACAAGATTGTATATATGTGCATCCTGGCCCCATTGTTCCTTATCT 10

5’ UTR/ | GGGATAAGCATGCTGTTTTCTGTCTGTCCCTAACATGCCCTGTGATTATC

human

5" UTR

human/ TCTGTTGTTTTACCAACTACTCAATTTCTCTTATAAGGGACTAAATATGTACCGGT 11

57 loxp ATAACTTCGTATAATGTATGCTATACGAAGTTAT

3 loxp/ ATAACTTCGTATAATGTATGCTATACGAAGTTAT 12
I-Ceul/ GTCGACCTCGAG
mouse AATCCACCACACTTAAAGGATAAATAAAACCCTCCACTTGCCCTGGTTGGCTGTCCACTA

3’ UTR
Regular font represents mouse sequences, bold font represents human sequences, restriction
enzyme sites/vector sequences are underlined, and loxp sites are in Italics.

[01079] As shown in Figure 2B, the resultant large targeting vector comprising
human IgKC region sequence was electroporated into ES cells comprising an
immunoglobulin locus with human kappa light chain variable gene segments operably
linked to a mouse constant kappa constant region (See, e.g., Macdonald et al. PNAS (2014)
vol. 111 (14):5147-5152, incorporated herein by reference). The selection cassette was
removed by Cre recombinase. The genetically modified ES cells were used to make
genetically modified mice using VELOCIMOUSE® method described above.

[01080] Finally, in another example, a mouse comprising human lambda constant
region sequences is described in US 15/803,513, filed November 3, 2017 (published as US
2008/0125043), incorporated herein by reference in its entirety.

Example 1.4: Generation of a Mouse Comprising Human Heavy and Light Chain Constant
Regions

[01081] Mice bearing an engineered heavy chain constant region, e.g., comprising
either fully human or chimeric heavy chain constant region sequences at the endogenous
mouse immunoglobulin heavy chain locus described in, e.g., Examples 1.1-1.2, are bred
with mice comprising human IgK constant region sequence and/or human IgL. constant
region sequence described in Example 1.3. Breeding is performed by standard techniques
recognized in the art. Mouse strains bearing desired engineered loci are screened for
presence of the human heavy chain constant region sequence(s) and human light chain
constant region sequence(s). Thus, mice comprising human heavy chain variable gene

segment sequences and human or chimeric human/mouse heavy chain constant region
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sequences at the endogenous immunoglobulin heavy chain locus are bred with mice
comprising human kappa light chain variable gene segment sequences and human kappa
light chain constant region sequences and/or human lambda light chain variable gene
segment sequences and human lambda light chain constant region sequence described in

this Example.

Example 2: Mouse Models for Pharmacokinetic and Dosing Studies of Human
Therapeutics

[01082] Mouse Anti-Human Antibody (MAHA), an immune response generated by a
mouse against a human antibody, can result in fast clearance of circulating human
monoclonal antibodies that are dosed for pharmacokinetic and/or efficacy experiments. In
order to obtain more relevant PK and dosing studies of fully human antibodies in mouse
models, mice comprising human IgH constant regions described in Example 1 above were
tested for their ability to circumvent the MAHA response. Mice heterozygous for human
IgH constant regions exhibited normal B cell development, expressed both human and
mouse IgM/IgD, and demonstrated intact allelic exclusion.

[01083] In one example, mice homozygous for human heavy chain variable region
and heterozygous for human IgM, IgD, IgG3, and IgG1 constant region gene segments as
depicted in Figure 1A, locus 5 were tested for reduction of MAHA response. For these
experiments, all mice were housed and bred in a pathogen-free facility at Regeneron
Pharmaceuticals. Naive VELOCIMMUNE® control mice (age 16 weeks, male, n=2) and
naive hVs, hIgM, hlgD, hlgG3 and hIgG1 (locus 5 in Figure 1A, age 20 weeks, male, n=4)
mice were sacrificed, and blood and spleens were harvested. Spleens were lysed with ACK
lysis buffer, followed by washing with RPMI medium with 5% FBS. Blood was collected
into serum separator tubes (BD, cat #365956) and serum was collected as per
manufacturer’s directions. Normal human serum (Quidel, cat#A113) was used as a positive
control for ELISA.

[01084] Total human IgM antibody was assayed using ELISA as follows. Plates
were coated overnight at 4 degrees C with 2 ug/ml rabbit anti-human IgM antibody
(Jackson ImmunoResearch cat#309-005-095), washed, blocked with 1% BSA in PBS-T.
ChromPure Human IgM standard (Jackson ImmunoResearch cat#009-000-012) was serially
diluted from 600 ng/ml to 0.823ng/ml in PBS-T and added to wells. Wells were incubated

with diluted serum samples, washed, and incubated with HRP conjugated-anti-human IgM
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antibody (Jackson ImmunoResearch#309-035-095). Plates were washed and developed
with Opt EIA TMB substrate reagent set (BD cat#555214). Reaction was stopped with 1N
Sulfuric Acid and blank-corrected OD was measured at 450nm with a Molecular Devices
Spectramax M5 microplate reader and SoftMax Pro software. Data was analyzed using
Prism Software. Data represented are duplicate points. Further, human IgG1 and human
IgG3 ELISAs were conducted according to the manufacturer’s directions (Invitrogen
cat#BMS2092 and BMS2094, respectively). The results for Ig isotype levels, shown in
Figure 3A, demonstrate that introduced human heavy chain constant isotypes were
expressed in serum of the genetically modified mice of mouse locus 5.

[01085] For the flow cytometry experiments, 1x10° cells were incubated with anti-
mouse CD16/CD32 (2.4G2, BD) on ice for 10 minutes. Cells were subsequently labeled
with the following antibody panel for 30 min on ice: anti-mouse FITC-CD3 (17A2, BD),
A700-CD19 (1D3, BD), Pe-Cy7-IgM (11/41, eBioscience), PerCP-Cy5.5 -IgD (11-26c.2a,
BioLegend), anti-human PE-IgD (IA6-2, BioLegend) and BV421-IgM (G20-127, BD).
Following staining, cells were washed and fixed in 2% formaldehyde. Data acquisition was
performed on a BD LSRFortessa flow cytometer and analyzed with FlowJo. B cells
(CD19+), were plotted for hIgM vs mIgM and hIgD vs mIgD to show allele utilization and
presence of allelic exclusion (Figure 3B).

[01086] The molecular weights of the antibodies in the serum obtained from several
versions of mice heterozygous for immunoglobulin human constant region (e.g., locus 1, 4,
6 and 8 mice depicted in Figure 1A) were assayed by Western blotting. The samples were
run on a 4-12% Tris-Glycine gel (Invitrogen), transferred to a membrane, blocked overnight
at 4 degrees C, and then the antibodies were detected using an HRP conjugated anti-human
IgG (Thermo #31412) and an HRP conjugated anti-mouse IgG (Thermo 31439) and
developed with ELC Western Blotting Detection Reagents (GE Health Care #RPN2106).
The Western blots showed that the molecular weights of the antibodies comprising human
immunoglobulin constant region as detected by anti-human IgG antibody in serum of
heterozygous human Ig constant region mice were similar to the molecular weights of the
antibodies in the normal human serum (data not shown). The molecular weights of
antibodies comprising mouse immunoglobulin constant region as detected by anti-mouse
IgG in serum of heterozygous human Ig constant region mice were also similar when
compared to the molecular weights of antibodies in the mouse serum of wild type and

reverse chimeric VELOCIMMUNE® mice (data not shown).
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[01087] When tested for MAHA responses against a relevant isotype antibody, mice
heterozygous for hIgM, higD, hIigG3 and higG1 (locus 5) exhibited reduced MAHA
responses compared to control mice (data not shown).

[01088] In another example, mice homozygous for human heavy chain variable
region and heterozygous for human IgM, IgD, I1gG3, IgG1, IgG2, and IgG4 constant
regions as depicted in Figure 1A, locus 6, or homozygous for mouse heavy chain variable
region and heterozygous for human IgM, IgD, I1gG3, IgG1, IgG2, and IgG4 constant
regions as depicted in Figure 1A, locus 8, were tested for reduction of MAHA response. For
these experiments, all mice were housed and bred in the specific pathogen-free facility at
Regeneron Pharmaceuticals. Both mice comprising (1) mouse heavy chain variable region
and human heavy chain constant region (mVs-hFC; mouse locus 8 in Figure 1A) and (2)
human heavy chain variable region and human heavy chain constant region (hVs-hFC;
mouse locus 6 in Figure 1A) were homozygous for mouse or human variable region,
respectively, and heterozygous for human heavy chain constant region. The
VELOCIMMUNE® mice (hVs-mFc; see U.S. Patent Nos. 8,642,835 and 8,697,940,
incorporated herein by reference) were homozygous for human heavy chain variable region
and homozygous for mouse heavy chain constant region. Naive WT control mice (age 15
weeks, female, n=6); hVs-mFc mice (age 14 weeks, male, n=5); hVs-hF¢ mice: human
variables, hIgM, hlgD, hIgG3, hIgG1, hIgG2, and hIgG4 mice (age 11 weeks, male, n=6);
and mVs-hFc: mouse variables, hIgM, higD, hlgG3, higG1, higG2, and hIigG4 mice (age
11 weeks, female, n=6) were bled before the antibody injection in order to determine serum
antibody isotype concentrations (Figure 3C) and initial mouse against human antibody titers
(Figure 3D, day 0). Blood was collected into serum separator tubes (BD, cat #365956) and
serum was collected as per manufacturer’s directions. A fully human IgG4 antibody was
injected subcutaneously at a concentration of 1mg/kg diluted in Dulbecco's PBS. The mice
were bled at 7 days, 15 days, 22 days, and 34 days after injection to test for MAHA (Figure
3D; only day 34 data is shown).

[01089] Measurements of total antibody isotype (mouse IgM, total mouse IgG,
human IgM and human IgG1, and human IgG4 ELISAs were conducted according to the
manufacturer’s directions (Invitrogen, mIgM: 88-50470-88, total mIgG: 88-50400-88,
higM: 8850620-88, hIgG1: 88-50560-22, hIgG4: 88-50590-22). The majority of the mice
characterizations are summarized in Figure 3C (some data are not shown). In sum, there

appeared to be similar serum levels for mouse IgM and IgG between the humanized Fc
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mice and wild type mice, and the levels of hIigM, hIgG1, and hIgG4 were similar between
the two versions of humanized heavy chain constant region mice (mVs-hFc: locus 8, and
hVs-hFc: locus 6).

[01090] For MAHA studies, heterozygous mice were given a single subcutaneous
injection of a hIgG4 antibody and then MAHA ELISAs were run as described below.
Maxisorb plates (Nunc cat. #430341) were coated overnight at 4 degrees C with 1 ug/ml
dosed human IgG4 antibody, blocked, and incubated overnight with diluted serum samples,
followed by incubation with HRP conjugated-anti-mouse IgG antibody (Jackson
ImmunoResearch, code # 115-035-164) for 1HR at room temp. Plates were developed with
Opt EIA TMB substrate reagent set (BD cat#555214). Reaction was stopped with 1N
Sulfuric Acid and OD was measured at 450nm with a Molecular Devices Spectramax M5
microplate reader and SoftMax Pro software. Data was analyzed using Prism Software.
[01091] As shown in Figure 3D, mice with humanized IgH variables and IgH
constants (hVs-hIgM-hIgD-hIgG3-hIgG1-hIgG2-hlgG4; locus 6), have significantly lower
MAHA titers against a fully human IgG4 antibody on day 34 post-injection as compared to
any of the other three mice tested. Reduced MAHA responses were also observed in other
mice (e.g., other mice depicted in Figure 1A) comprising human heavy chain variable
regions and either chimeric mouse-human (when human antibody injected was the same as
the humanized constant gene) or fully human heavy chain constant region (data not shown).
[01092] The concentration of dosed antibody remaining in the serum was determined
by ELISA on serum at day 0, 2 days, 7 days, 15 days, 22 days and 34 days for the same
mice as described in Figure 3D above. Maxisorb plates (Nunc cat. #430341) were coated
overnight at 4 degrees C with 1 ug/ml of the antigen, blocked with BSA in PBS, and
incubated with diluted serum samples, followed by incubation with HRP conjugated-anti-
human IgG antibody (Jackson ImmunoResearch, code # 109-035-098) for 1HR at room
temp. Plates were developed with Opt EIA TMB substrate reagent set (BD cat#555214).
Reaction was stopped with 1N Sulfuric Acid and OD was measured at 450nm with a
Molecular Devices Spectramax M5 microplate reader and SoftMax Pro software. Data was
analyzed using Prism Software. The concentration was determined using the dosed
antibody as the standard.

[01093] Mice that had a strong MAHA response had faster clearance of the dosed
antibody compared to mice with no MAHA response (Figure 3E). The number of mice that

had a MAHA response from each genotype is as follows; 5 of 6 mice with mVs-hFc, 0 of 6
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mice with hVs-hFC, 4 of 5 mice with hVs-mFc, and 4 of 6 mice with mVs-mFc. Mice with
no MAHA response still had detectable levels of the dosed antibody in serum at day 34.

Example 3: A Mouse Comprising Humanized Neonatal Fc Receptor (FcRn) as an In
Vivo Model for Studying Human Antibody Recycling

[01094] The mouse FcRn locus, located on mouse chromosome 7, was humanized by
construction of unique targeting vectors from human and mouse bacterial artificial
chromosomes (BAC) DNA using VELOCIGENE® technology (see, e.g., US Patent No.
6,586,251 and Valenzuela et al. (2003)), High-throughput engineering of the mouse
genome couple with high-resolution expression analysis. Nat. Biotech. 21(6): 652-659, both
incorporated herein by reference). DNA from mouse BAC RP23-19D22 (Invitrogen-
Thermo Fisher) was modified by homologous recombination to delete 8. 3Kb of mouse
genomic DNA encoding the extracellular portion of mouse FcRn and subsequently to insert
11.5Kb of corresponding human FcRn sequence. Thus, the mouse exons encoding alpha 1,
alpha 2, and alpha 3 domains (exons 3, 4, and 5) of the mouse FcRn gene were replaced
with human exons encoding alpha 1, alpha 2, and alpha 3 domains (exons 3, 4, and 5) of the
human FcRn gene (see Figure 4). The resulting chimeric FcRn gene comprised mouse exon
1 (non-coding exon), mouse exon 2 (comprising nucleic acid sequence encoding the signal
peptide), human exons 3-6, mouse exons 6 and 7 (encoding transmembrane and
cytoplasmic domains).

[01095] Specifically, to generate humanized FcRn mice, the large targeting vector
used in construction of the chimeric gene comprised the nucleic acid sequences listed in
Table 9 below. LoxP-Ub-Neo-LoxP cassette was inserted in intron 5 of the vector.

Table 9: Genome Coordinates for the FcRn Large Targeting Vector DNA

Region Genome coordinates (mouse: GRCm38, or kb
human: GRCh38)
5’ mouse homology arm | 7: 45,165,536-45,102,749 (- strand) ~63
Human region 19: 49,513,756-49,525,253 (+ strand) ~11.5
(ectodomain)
3’ mouse homology arm | 7: 45,094,477-44,974,225 ~120
[01096] The targeted BAC DNA was used to electroporate mouse ES cells

comprising a deletion in mouse FcRn exons to create modified ES cells for generating mice

that express humanized FcRn (Figure 4). ES cells containing insertions of human FcRn
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exon sequences were identified by a quantitative TAQMAN™ assay (see, e.g., Lie and
Petropoulos, 1998. Curr. Opin. Biotechnology 9:43-48, incorporated herein by reference).
Specific primer sets and probes were designed for detecting insertion of human sequences
(gain-of-allele, GOA) and deletion of mouse sequences (loss-of-allele, LOA) (not shown).
[01097] The selection cassette may be removed by methods known by the skilled
artisan. For example, ES cells bearing the humanized FcRn locus may be transfected with a
construct that expresses Cre in order to remove floxed cassette. The selection cassette may
optionally be removed by breeding to mice that express Cre recombinase. Optionally, the
selection cassette is retained in the mice. The junctions of the humanized FcRn allele prior

to the selection cassette deletion are presented in Table 10 below.

Table 10: Junctions of the Humanized FcRn allele

Junction | Sequence SEQ
D
NO:

mouse/ CTTTCTGGGTGTCTGTCCCCTTCTCTCTGCGAGGATCATGGCACTT CAGAT 13

human CTGTCCCCTCTCTCTGAATCTGTCCCCCTCCCTCCATAATAGATTCTTCT

(intron 2)

human/ TCTCCCCACTGCACTGGCACAGCCCCGCCTTGCCGCTGCTGATCCATTGCCGGTGTGACC | 14
5" loxp CGGGCTCGATAACTATAACGGTCCTAAGGTAGCGACTCGAG
(intron 5) | ATAACTTCGTATAATGTATGCTATACGAAGTTAT

3 loxp/ ATAACTTCGTATAATGTATGCTATACGAAGTTAT 15
mouse CCTAGGTTGGAGCTC

(intron 5) | GTGTGAGAGGGGAGAGCAGAGGTGAGTCTGTGCCATGGGATACTTGTGGCG

Bold sequences represent human DNA, underlined sequences are restriction enzyme sites or
vector sequences, italicized sequences are loxP site sequences.

[01098] Targeted ES cells described above were used as donor ES cells and
introduced into an 8-cell stage mouse embryo by the VELOCIMOUSE® method (see, e.g.,
US Pat. No. 7,294,754 and Poueymirou et al. (2007) FO generation mice that are essentially
fully derived from the donor gene-targeted ES cells allowing immediate phenotypic
analyses Nature Biotech. 25(1):91-99). VELOCIMICE® (FO mice fully derived from the
donor ES cell) independently bearing a humanized FcRn were identified by genotyping
using a modification of allele assay (see above) that detects the presence of the unique
human FcRn gene sequences. Heterozygous mice bearing a chimeric FcRn gene were bred
to homozygosity.

[01099] The sequence of the resultant chimeric FcRn protein expressed by the
genetically modified mice is depicted below (SEQ ID NO:16), with alpha 1, 2, and 3
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domains italicized and the signal peptide and transmembrane domain bolded and
underlined. The mature chimeric protein starts at amino acid 22 of the sequence depicted
below, and the mouse-human and human-mouse boundaries are designated with an
asterisk(*). For reference, exemplary Genbank Accession Numbers for human and mouse

protein and mRNA sequences are listed in Table 11 below.

SEQUENCE OF CHIMERIC PROTEIN (SEQ ID NO:16)

MGMPLPWALS LLLVLLPOTW GS*ESHLSLLY HLTAVSSPAP GTPAFWVSGW
LGPQQYLSYN SLRGEAEPCG AWVWENQVSW YWEKETTDLR IKEKLFLEAF
KALGGKGPYT LOGLLGCELG PDNTSVPTAK FALNGEEFMN FDLKQGIWGG
DWPEALAISQ RWOQQODKAAN KELTFLLFSC PHRLREHLER GRGNLEWKEP
PSMRLKARPS SPGFSVLTCS AFSFYPPELQ LRFLRNGLAA GTGOGDFGPN
SDGSFHASSS LTVKSGDEHH YCCIVOHAGL AQPLRVEL*DS SARSSVPVVG
IVLGLLLVYVV AIAGGVLLWG RMRSGLPAPW LSLSGDDSGD LLPGGNLPPE
AEPQGANAFP ATS

Table 11: Genbank Accession Numbers for FcRn (FCGRT)

Species Protein mRNA
mouse NP 034319 NM 010189
human NP 001129491 NM 001136019
[01100] Mice comprising a chimeric FcRn gene were bred with mice comprising a

humanized B2M gene at the endogenous mouse B2M locus (Figure 5), described in detail
in U.S. patent application publication No. 2013/0111617, incorporated herein in its entirely
by reference. Mice were bred for homozygosity at both loci.

[01101] To detect expression of chimeric FcRn and humanized B2M, mice were
sacrificed, and spleens collected. After treatment with ACK lysis buffer (Gibco), the
spleens were dissociated, cells centrifuged, washed and placed in plates, and fixed with IC
Fixation Buffer (eBioscience), and permeabilized with buffer containing Fc block (BD) to
prepare for staining. To detect FcRn, cells were stained with either in-house anti-human
FcRn primary antibody or anti-mouse FcRn primary antibody (R&D AF6775), followed by
staining with an appropriate secondary antibody (ThermoFisher 1885920 or ThermoFisher

1915848). Cells were washed and samples analyzed on a LSRFortessa X-20 (BD) FACS
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machine. To detect B2M, cells were stained with either anti-mouse B2M PE-Labelled
antibody (BioLegend clone A16041A) or anti-human B2M PE-labelled antibody
(BioLegend clone 2M2). Cells were washed and samples analyzed on a LSRFortessa X-20
(BD) FACS machine.

[01102] Humanized FcRn/B2M mice expressed detectable levels of the chimeric
protein (data not shown). However, since human FcRn cannot bind mouse IgG, it was
determined that mice homozygous for human FcRn and humanized B2M exhibited
significantly reduced levels of mouse IgG in the blood (data not shown). Humanized
FcRn/B2M mice expressed a humanized B2M protein (data not shown).

[01103] It is known that mouse FcRn binds human Ig with higher affinity than
human FcRn. To test whether the mice expressing chimeric mouse/human FcRn exhibited
human antibody recycling properties similar to that of humans, three of each wild type mice
and mice homozygous for the chimeric FcRn and humanized B2M described above were
dosed with human IgG4 antibody subcutaneously at 1mg/kg, and antibody drug levels in
serum were measured at 6 hours, 1, 2, 3, 8, 10, 14, 22, and 30 days post injection using a
Gyros immunoassay. As shown in Figure 6, mice homozygous for both chimeric FcRn
(FcRn hu/hu) and humanized B2M (B2M hu/hu) demonstrated a faster antibody clearance
than wild type mice that did not express humanized proteins. Therefore, mice expressing
chimeric FcRn and humanized B2M serve as a model for studying human therapeutic
antibody recycling that is more similar to that of a human, and therefore, serve as a great

model to study pharmacokinetic and pharmacodynamic profile of a therapeutic.

Example 4: A Mouse Comprising Humanized High and Low Affinity FcGamma
Receptors and Human Heavy Chain Immunoglobulin Constant Regions

[01104] Humanized mice comprising high and low affinity Fcy receptors and
humanized constant regions were generated. For these experiments, mice comprising high
affinity Fcy receptors and low affinity Fcy receptors (the generation of these mice were
described in U.S. 8,658,154; U.S. 9,056,130; U.S. 8,658,853; U.S. 8,883,496; U.S.
9,687,566; U.S. 9,089,599; U.S. 9,221,894 and U.S. 9,474,255, which are incorporated
herein by reference in the entirety) were combined together with mice comprising human
heavy chain constant regions (e.g., mouse locus 7 in Figure 1A) by breeding or retargeting

ES cells in accordance with the known techniques in the art. The resultant mice are bred to
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homozygosity. Various exemplary embodiments of the humanized loci described herein are
presented in Figure 7.

[01105] Upon completion of gene targeting, ES cells or genetically modified non-
human animals were screened to confirm successful incorporation of exogenous nucleotide
sequence of interest or expression of exogenous polypeptide. Numerous techniques are
known to those skilled in the art, and include (but are not limited to) Southern blotting, long
PCR, quantitative PCR (e.g., real-time PCR using TAQMAN), fluorescence in

situ hybridization, Northern blotting, flow cytometry, Western analysis,
immunocytochemistry, immunohistochemistry, etc. For example, mice bearing the genetic
modification of interest , 7.e. human high affinity FcgR and low affinity FcgR and human
heavy chain constant regions, can be identified by screening for gain of human allele using
a modification of allele assay described in Valenzuela et al. (2003) High-throughput
engineering of the mouse genome coupled with high-resolution expression analysis, Nature
Biotech. 21(6):652-659. Other assays that identify a specific nucleotide or amino acid
sequence in the genetically modified animals are known to those skilled in the art.

[01106] Once breedings or ES cells retargeting were complete as described in Figure
7, the resultant mice were characterized. For these experiments, all mice were housed and
bred in the specific pathogen-free facility at Regeneron Pharmaceuticals. Naive WT control
mice (age 26-36 weeks, male and female, n=2) and naive high- and low-affinity hFcgR,
hlgM, hlgD, hlgG3 & hlgG1 (locus 7 in Figure 1A, age 19-22 weeks, male and female,
n=5) mice were sacrificed, and blood and spleens were harvested. Red blood cells from
blood and spleens were lysed with ACK lysis buffer, followed by washing with RPMI
medium with 5% FBS. Blood was also collected into serum separator tubes (BD, cat
#365956) and serum was collected as per manufacturer’s directions. Normal human serum
(Quidel, cat#A113) was used as a positive control for ELISA.

[01107] Total human IgM antibody was assayed using ELISA as follows. Plates were
coated overnight at 4 deg C with 2 ug/ml donkey anti-human IgM antibody (Jackson
ImmunoResearch cat#709-005-073), washed, blocked with 1% BSA in PBS-T. ChromPure
Human IgM standard (Jackson ImmunoResearch cat#009-000-012) was serially diluted
from 500 ng/ml to 0.49 ng/ml in PBS-T and added to wells. Wells were incubated with
diluted serum samples, washed, and incubated with HRP conjugated-anti-human IgM
antibody (Jackson ImmunoResearch#009-035-073. Plates were washed and developed with

Opt EIA TMB substrate reagent set (BD cat#555214). Reaction was stopped with 1N
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Sulfuric Acid and blank-corrected OD was measured at 450nm with a Molecular Devices
Spectramax M5 microplate reader and SoftMax Pro software. Data was analyzed using
Prism Software. Data represented are duplicate points. Further, human IgG1 and human
IgG3 ELISAa were conducted according to the manufacturer’s directions (Invitrogen
cat#BMS2092 and BMS2094, respectively). (Figure 8C)

[01108] For the flow cytometry experiments, 1x10° cells were stained with Fixable
Viability Dye eFluor 455UV (ThermoFisher cat# 65-0868-14) and following washing were
incubated with anti-mouse CD16/CD32 (2.4G2, BD) on ice for 10 minutes. Cells were
subsequently labeled with the following antibody panel for 30 min on ice: anti-mouse
FITC-CD3 (17A2, BD), A700-CD19 (1D3, BD), Pe-Cy7-IgM (11/41, eBioscience), PerCP-
Cy5.5 -IgD (11-26c¢.2a, BioLegend) and anti-human PE-IgD (IA6-2, BioLegend) and
BV421-1gM (G20-127, BD). Following staining, cells were washed and fixed in 2%
formaldehyde. Data acquisition was performed on a BD LSRFortessa flow cytometer and
analyzed with FlowJo. B cells (CD19+), mature B cells (CD19+ IgD-high IgM-int),
transitional/immature B cells (CD19+ IgD-int IgM-high). (Figures 8A and 8B).

[01109] As summarized in Figures 8A, 8B, and 8C, there is significant gain of
human IgM and human IgD surface expression in B cells of humanized high and low
affinity Fcy receptors and humanized IgM, IgD, IgG3 and IgG1 mice. Further, these mice
exhibit normal splenic B cell population and normal serum antibody levels. These mice,
which exhibit precise humanization of high and low affinity hFCyR and humanization of
heavy chain constant regions, represent a novel model to study human Fc receptor effector

function.

Example 5: A Mouse Comprising Humanized Fcgreceptor alpha (FceRa) for Studying
Human IgE Antibody Interactions

[01110] The FceR protein consists of a single o subunit, a 3 subunit, and two y
subunits. The extracellular portion of the o subunit, FceRIa, comprises two
immunoglobulin-like domains and binds IgE with high affinity, even in the absence of the
other subunits. Therefore, in the strategy outlined below, FceRlIa, the o subunit of the FceR
was humanized.

[01111] The mouse FceRIa locus, located on mouse chromosome 1, was humanized

by construction of unique targeting vectors from human and mouse bacterial artificial
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chromosomes (BAC) DNA using VELOCIGENE® technology (see, e.g., US Patent No.
6,586,251 and Valenzuela et al. (2003) High-throughput engineering of the mouse genome
couple with high-resolution expression analysis. Nat. Biotech. 21(6): 652-659, both
incorporated herein by reference). DNA from mouse BAC RP23-332i14 (Invitrogen-
Thermo Fisher) was modified by homologous recombination to delete 5.7Kb of mouse
genomic DNA encoding the coding region of the mouse FceRlIa, and subsequently to insert
6.1Kb of human FceRIa coding sequence and human 3’ untranslated region from BAC
CTD-3064h17 (Invitrogen-Thermo Fisher) (Figure 9). Thus, part of mouse coding exon 1,
coding exon 2, coding exon 3, coding exon 4, and coding exon 5 of the mouse FceRIa were
replaced by part of human coding exon 1, coding exon 2, coding exon 3, coding exon 4, and
coding exon 5 of the human FceRIa gene. The resulting chimeric FceRIo. gene comprised
chimeric mouse/human exon 1 (comprising mouse promoter and 5 UTR), human coding
exons 2-5 through the stop codon, human 3’UTR and polyA, followed by the mouse 3’'UTR
and polyA. Chimeric gene exons 1 (partial) and 2 encode the signal peptide, exon 3 and 4
encode the two Ig-like domains of FceRlIa that are believed to interact with IgE, and exon 5
encodes the cytoplasmic and transmembrane domains of the protein (see Figure 9).

[01112] Specifically, to generate humanized FceRIa mice, the large targeting vector
used in construction of the chimeric gene comprised the nucleic acid sequences listed in

Table 12 below. Self-deleting neomycin cassette was inserted 3’ of the last coding exon.

Table 12: Genome Coordinates for the FceRIa Large Targeting Vector DNA

Region Genome coordinates (mouse: GRCm38, or kb
human: GRCh38)
5’ mouse homology arm 1: 173,309,806-173,227,174 (- strand) ~82.6
Human gene (ATG-polyA) | 1: 159,302,358-159,308,425 (+ strand) ~6.1
3’ mouse homology arm 1: 173,221,426-173,138,062 (- strand) ~83.4
[01113] The targeted BAC DNA was used to electroporate mouse ES cells

comprising a deletion in mouse FceRIa exons to create modified ES cells for generating
mice that express humanized FceRlIa (Figure 9). ES cells containing insertions of human
FceRlIo exon sequences were identified by a quantitative TAQMANT™ assay (see, e.g., Lie
and Petropoulos, 1998. Curr. Opin. Biotechnology 9:43-48, incorporated herein by

reference). Specific primer sets and probes were designed for detecting insertion of human
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sequences (gain-of-allele, GOA) and deletion of mouse sequences (loss-of-allele, LOA)
(not shown).
[01114] The junctions of the humanized FceRla allele prior to the selection cassette

deletion are presented in Table 13 below.

Table 13: Junctions of the Humanized FceRlIq allele

Junction | Sequence SEQ

NO:
Mouse | TTTTCGAAGCCATAGCTCTCTGGTGCAGTTAGCACCTGAAGGTGCAGGGGCG | 17
5’ UTR/ | ATGAAGAAGATGGCTCCTGCCATGGAATCCCCTACTCTACTGTGTGTAGCCT

human
ATG
human/ | TCTTCTTCAGCTTACTAAATATGAACTTTCAGTTCTTGGCAGAATCAGGG 18
5" loxp | CTCGAG
ATAACTTCGTATAATGTATGCTATACGAAGTTAT
3’ loxp/ | ATAACTTCGTATAATGTATGCTATACGAAGTTAT 19

I-Ceul/ GCTAGGTAACTATAACGGTCCTAAGGTAGCGAGCTAGC
CCTCAATAGCTTCTCCACTGTCAAAGGCCACTCATGTGATCCCTAGAAAA

mouse
3’ UTR
Bold sequences represent human DNA, underlined sequences are restriction enzyme sites or
vector sequences, italicized sequences are loxP site sequences.

[01115] Targeted ES cells described above were used as donor ES cells and
introduced into an 8-cell stage mouse embryo by the VELOCIMOUSE® method (see, e.g.,
US Pat. No. 7,294,754 and Poueymirou et al. (2007) FO generation mice that are essentially
fully derived from the donor gene-targeted ES cells allowing immediate phenotypic
analyses Nature Biotech. 25(1):91-99). VELOCIMICE® (FO0 mice fully derived from the
donor ES cell) independently bearing a humanized FceRIo were identified by genotyping
using a modification of allele assay (see above) that detects the presence of the unique
human FceRlIa gene sequences. Heterozygous mice bearing a chimeric FceRlo gene were
bred to homozygosity.

[01116] The resultant FceRIa protein expressed by the mice is completely human,
and the sequence of the human FceRIa protein expressed by the genetically modified mice
is depicted below (SEQ ID NO:20), with Ig-like domains italicized and the signal peptide
and transmembrane domain bold and underlined. The mature protein starts at amino acid 26
of the sequence depicted below. For reference, exemplary Genbank Accession Numbers for

human and mouse protein and mRNA sequences are listed in Table 14 below.
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SEQUENCE OF HUMAN PROTEIN (SEQ ID NO:20)
MAPAMESPTL LCVALLFFAP DGVLAVPQKP KVSLNPPWNR IFKGENVTLT

CNGNNFFEVS STKWFHNGSL SEETNSSLNI VNAKFEDSGE YKCQHQQVNE
SEPVYLEVFES DWLLLQASAE VVMEGQPLFL RCHGWRNWDV YKVIYYKDGE
ALKYWYENHN ISITNATVED SGTYYCTGKV WQLDYESEPL NITVIKAPRE
KYWLQFFIPL LVVILFAVDT GLFISTQQOQOV TFLLKIKRTR KGFRLLNPHP

KPNPKNN

Table 14: Genbank Accession Numbers for FCER1A

Species Protein mRNA
Mouse NP 034314 NM 010184
Human NP_001992 NM_002001
[01117] To validate expression of humanized FceRIa on the surface of splenic

basophils from humanized FceRIa mice, wild type (WT) or homozygous humanized
FceRlIo mice were sacrificed, the spleens were harvested and single cell suspensions were
prepared following red blood cell lysis (Sigma). The cells were then stained with a
live/dead cell marker, blocked by Fc block, followed by antibody staining with one of two
antibody mixes: (1) mix 1: anti-mouse CD49b antibody (PECy7 conjugated, EBioscience
clone DXS5), anti-mouse TCRf3 (APC conjugated, BD clone H57-597), anti-mouse B220
(BUV395 conjugated, BD clone RA3-682) and anti-mouse FceRIa (eFluor 450 conjugated,
EBioscience clone MAR-1) or (2) mix 2: anti-mouse CD49b antibody (PECy7 conjugated,
EBioscience clone DXS5), anti-mouse TCRf3 (APC conjugated, BD clone H57-597), anti-
mouse B220 (BUV395 conjugated, BD clone RA3-682) and anti-human FceRlo (eFluor
450 conjugated, EBioscience clone AER-37(CRA1)). The cells were acquired in an
LSRFortessa instrument and analyzed using FlowJo software. Basophils were identified as
TCRp- B220- CD49b+ FceRla+. The FACS plots in Figure 10 show the TCR(3- B220-
population, with the basophil population identified by arrows. This population is positive
for mouse FceRIo only in WT mice, and positive for human FceRIo only in humanized
FceRIa mice. The graphs show the quantification of human or mouse FceR 1a+ basophils

as percent of live cells in the spleens of 5 mice from of each genotype (Figure 10).
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[01118] FceRIo humanized mice were validated in passive cutaneous anaphylaxis
(PCA) model. On day 1, groups of WT or humanized mice received an intradermal
injection with a cocktail of two allergen-specific human IgE antibodies, or an irrelevant IgG
antibody (negative control) into the right and left ears, respectively, thus allowing allergen-
specific IgE to bind FceR on mast cells. After twenty-four hours, the mice were challenged
by intravenous (IV) injection of 1ug of allergen diluted in 0.5% Evan’s blue dye. One hour
after allergen challenge, mice were sacrificed, Evan’s blue dye was extracted from ear
tissue and spectrophotometrically quantitated using a standard curve. Ears were then dried
and weighed. The results show Evan’s blue dye extravasation in the tissue quantified as ng
Evan’s blue/ mg tissue as a measure of local mast cell degranulation. The data, shown in
Figure 11, demonstrate that the human allergen-specific IgE can mediate a local
anaphylactic response in humanized FceRIo mice, but not in WT mice.

[01119] FceRlIa humanized mice were also validated in passive systemic
anaphylaxis (PSA) model. On day 1, groups of humanized FceRIo mice received an
intravenous (IV) injection with a cocktail of two allergen-specific human IgE antibodies, or
an irrelevant IgG antibody (negative control), allowing allergen-specific IgE to bind FceR1-
expressing cells systemically. After twenty-four hours, basal core temperature
measurements were taken for all the mice, followed by IV injection of 1ug of allergen. Core
temperature measurements were then taken for all the mice at 30, 60, 120 and 240 minutes
after the allergen challenge, and changes in core temperature at each time point relative to
basal temperature were calculated. A decrease in core temperature is a readout for systemic
anaphylaxis. The data, shown in Figure 12, demonstrate that the human allergen-specific
IgE can mediate the systemic anaphylactic response in humanized FceRIo. mice, as

measured by a significant drop in core temperature 30-60 minutes after challenge.

Example 6: A Master Mouse for Studying Human Fc Receptor Interactions and Efficacy
of Human Therapeutic Antibodies

[01120] In order to obtain better model for studying fully human monoclonal
antibodies in a mouse model and human Fc receptor effector function, mice A (humanized
hP2M; see Example 3), mice B (hWFCER1A; see Example 5), mice C (hFCRN; See Example
3), mice D (hFCGR1), mice E (hWFCGR2/3) and mice F (mVs, higM, higD, 1gG3 and IgG1;
mouse locus 7 of Figure 1A) or alternatively mice F’ (hVs, higM, hIgD, 1gG3 and IgG1;
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mouse locus 5 of Figure 1A) as described in Figure 13, are combined together by breeding
or retargeting of ES cells in accordance with the techniques described herein and known in
the art. The resultant mice may be heterozygous or homozygous for any or all of these
genes. Various exemplary embodiments of the humanized loci described herein are
depicted in Figure 13. Other mice with human heavy chain constant regions depicted in
Figure 1A may be bred to the remaining mice (mice A-E) in Figure 13, Thus, mice A
(humanized hb2M; see Example 3), mice B (hFCER1A; see Example 5), mice C (hFCRN;
See Example 3), mice D (hFCGR1), mice E (hFCGR2/3) and mice (mVs, hIgM, hlgD,
IgG3, IgG1, IgG2, and IgG4; mouse locus 8 of Figure 1A) or alternatively mice (hVs,
higM, higD, IgG3 IgG1, IgG2, and IgG4; mouse locus 6 of Figure 1A) are combined
together by breeding or retargeting of ES cells in accordance with the techniques described

herein and known in the art. These may also be bred to light chain mice depicted in Figure
2A. Additional human immunoglobulin constant regions are added via genetic engineering

techniques described in Example 1 and known in the art.

Incorporation by Reference

[01121] All publications, patents, and patent applications mentioned herein are
hereby incorporated by reference in their entirety as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated by
reference. In case of conflict, the present application, including any definitions herein, will

control.

Equivalents

[01122] Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents to the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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What is claimed is:

1. A method of testing a human antibody comprising administering the antibody to a
rodent comprising in its genome:
an immunoglobulin heavy chain locus that comprises:
) an immunoglobulin heavy chain variable region comprising a Vi
gene segment, a Du gene segment and a Ju gene segment; and
(i)  an immunoglobulin heavy chain constant region comprising a Cu
gene segment encoding an IgG constant domain comprising a human
Cul domain, a human hinge region, a human Cu2 domain, a human
Cu3 domain, an IgG transmembrane domain and an IgG cytoplasmic
domain,
wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces
IgG antibodies comprising variable domains derived from the Vu gene segment, the
Du gene segment and the Ju gene segment and heavy chain constant domains
derived from the Cu gene segment.
2. The method of claim 1, wherein the IgG transmembrane domain is a rodent IgG
transmembrane domain.
3. The method of claim 1, wherein the IgG transmembrane domain is a human IgG
transmembrane domain.
4. The method of any one of claims 1 to 3, wherein the IgG cytoplasmic domain is a
rodent IgG cytoplasmic domain.
5. The method of any one of claims 1 to 3, wherein the IgG cytoplasmic domain is a
human IgG cytoplasmic domain.
6. The method of any one of claims 1 to 5, wherein the human Cul domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain are IgG1 domains and the
human antibody is an IgG1 antibody.
7. The method of claim 6, wherein the IgG1 domain is encoded by an allele selected
from IGHG1*01, IGHG1*02, IGHG1*03, IGHG1*04 and IGHG1*05 and the heavy chain

constant domain of the human antibody is encoded by the same allele.
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8. The method of any one of claims 1 to 5, wherein the human Cul domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain are IgG2 domains and the
human antibody is an IgG2 antibody.

9. The method of claim 8, wherein the IgG2 domain is encoded by an allele selected
from IGHG2*01, IGHG2*02, IGHG2*03, IGHG2*04, IGHG2*05 and IGHG2*06 and the
heavy chain constant domain of the human antibody is encoded by the same allele.

10. The method of any one of claims 1 to 5, wherein the human Cul domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain are IgG3 domains and the
human antibody is an IgG3 antibody.

11. The method of claim 10, wherein the IgG3 domain is encoded by an allele selected
from IGHG3*01, IGHG3*02, IGHG3*03, IGHG3*04, IGHG3*05, IGHG3*06,
IGHG3*07, IGHG3*08, IGHG3*09, IGHG3*10, IGHG3*11, IGHG3*12, IGHG3*13,
IGHG3*14, IGHG3*15, IGHG3*16, IGHG3*17, IGHG3*18 and IGHG3*19 and the heavy
chain constant domain of the human antibody is encoded by the same allele.

12. The method of any one of claims 1 to 5, wherein the human Cul domain, the human
hinge region, the human Cu2 domain and the human Cu3 domain are IgG4 domains and the
human antibody is an IgG4 antibody.

13.  The method of claim 12, wherein the IgG4 domain is encoded by an allele selected
from IGHG4*01, IGHG4*02, IGHG4*03 and IGHG4*04 and the heavy chain constant
domain of the human antibody is encoded by the same allele.

14.  The method of any one of claims 6 to 13, wherein the Cu gene segment encoding the
human Cu1 domain, the human hinge region, the human Cu2 domain and the human Cu3
domain is located at an endogenous Cy2a or Cyac gene segment locus.

15.  The method of claim 14, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Ca2 domain and the human Cu3 domain
replaces an endogenous Cy2a or Cyac gene segment.

16. The method of any one of claims 6 to 13, wherein the Cu gene segment encoding the
human Cul domain, the human hinge region, the human Cu2 domain and the human Cu3
domain is located at an endogenous Cy1 gene segment locus.

17. The method of claim 16, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Ca2 domain and the human Cy3 domain

replaces an endogenous Cy1 gene segment.
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18.  The method of any one of claims 6 to 13, wherein the Cu gene segment encoding the
human Cr1 domain, the human hinge region, the human Cu2 domain and the human Cu3
domain is located at an endogenous Cy2b gene segment locus.

19.  The method of claim 18, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Ca2 domain and the human Cu3 domain
replaces an endogenous Cyzb gene segment.

20. The method of any one of claims 6 to 13, wherein the Cu gene segment the human
Cul domain, the human hinge region, the human Cu2 domain and the human Cu3 domain
is located at an endogenous Cy3 gene segment locus.

21. The rodent of claim 20, wherein the Cu gene segment encoding the human Cul
domain, the human hinge region, the human Cu2 domain and the human Cu3 domain
replaces an endogenous Cy3 gene segment.

22. The method of any one of claims 1 to 21, wherein the immunoglobulin heavy chain
constant region further comprises a rodent C, gene segment.

23. The method of any one of claims 1 to 21, wherein the immunoglobulin heavy chain
constant region further comprises a human C, gene segment.

24.  The method of any one of claims 1 to 23, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Cs gene segment.

25.  The method of any one of claims 1 to 23, wherein the immunoglobulin heavy chain
constant region further comprises a human Cs gene segment.

26.  The method of any one of claims 1 to 25, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Cy1 gene segment.

27. The method of any one of claims 1 to 26, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Cy2a and/or Cy2c gene segment.

28. The method of any one of claims 1 to 27, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Cyzb gene segment.

29. The method of any one of claims 1 to 28, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Cys gene segment.

30.  The method of any one of claims 1 to 29, wherein the immunoglobulin heavy chain
constant region further comprises a rodent C: gene segment.

31.  The method of any one of claims 1 to 29, wherein the immunoglobulin heavy chain

constant region further comprises a human Ce gene segment.
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32.  The method of any one of claims 1 to 31, wherein the immunoglobulin heavy chain
constant region further comprises a rodent Co gene segment.

33. The method of any one of claims 1 to 31, wherein the immunoglobulin heavy chain
constant region further comprises a human Cq gene segment.

34. The method of any one of claims 1 to 21, wherein the immunoglobulin heavy chain
constant region comprises a human Cy gene segment, a human Cs gene segment, a human
Cy3 gene segment and a human Cy1 gene segment.

35. The method of claim 34, wherein the immunoglobulin heavy chain constant region
further comprises a human Cy2 gene segment and a human Cy4 gene segment.

36. The method of claim 34 or claim 35, wherein the immunoglobulin heavy chain
constant region further comprises a human C, gene segment.

37.  The method of any one of claims 34 to 36, wherein the immunoglobulin heavy
chain constant region further comprises a human C, gene segment.

38. The method of any one of claims 1 to 37, wherein the immunoglobulin heavy chain
locus further comprises a rodent intronic enhancer (Ei).

39.  The method of any one of claims 1 to 37, wherein the immunoglobulin heavy chain
locus further comprises a human intronic enhancer (Ei).

40.  The method of any one of claims 1 to 39, wherein the immunoglobulin heavy chain
locus further comprises a rodent 3’ regulatory region (3’ RR).

41.  The method of any one of claims 1 to 39, wherein the immunoglobulin heavy chain
locus further comprises a human 3’ regulatory region (3’ RR).

42. The method of any one of claims 1 to 41, wherein the immunoglobulin heavy chain
locus further comprises a rodent Sy, switch site.

43. The method of any one of claims 1 to 42, wherein the immunoglobulin heavy chain
locus further comprises a rodent Sy3 switch site.

44.  The method of any one of claims 1 to 43, wherein the immunoglobulin heavy chain
locus further comprises a rodent Sy1 switch site.

45.  The method of any one of claims 1 to 44, wherein the immunoglobulin heavy chain
locus further comprises a rodent Syzb switch site.

46.  The method of any one of claims 1 to 45, wherein the immunoglobulin heavy chain
locus further comprises a rodent Syza and/or Sy switch site.

47. The method of any one of claims 1 to 46, wherein the immunoglobulin heavy chain

locus further comprises a rodent Se switch site.
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48.  The method of any one of claims 1 to 47, wherein the immunoglobulin heavy chain
locus further comprises a rodent Sq switch site.

49. The method of any one of claims 1 to 41 and 48, wherein the immunoglobulin
heavy chain locus further comprises a human Sy switch site.

50. The method of any one of claims 1 to 41 and 48-49, wherein the immunoglobulin
heavy chain locus further comprises a human Sy switch site.

51. The method of any one of claims 1 to 41 and 48-50, wherein the immunoglobulin
heavy chain locus further comprises a human Sy1 switch site.

52.  The method of any one of claims 1 to 41 and 48-51, wherein the immunoglobulin
heavy chain locus further comprises a human Sy2 switch site.

53.  The method of any one of claims 1 to 41 and 48-52, wherein the immunoglobulin
heavy chain locus further comprises a human Sys switch site.

54. The method of any one of claims 1 to 41 and 48-53, wherein the immunoglobulin
heavy chain locus further comprises a human Se switch site.

55. The method of any one of claims 1 to 41 and 48-54, wherein the immunoglobulin
heavy chain locus further comprises a human Sq switch site.

56.  The method of any one of claims 1 to 55, wherein the Vu gene segment is a rodent
Vu gene segment, the Du gene segment is a rodent Du gene segment and the Ju gene
segment is a rodent Ju gene segment.

57. The method of claim 56, wherein the rodent Vu gene segment, the rodent Du gene
segment and the rodent Ju gene segment are endogenous rodent gene segments.

58. The method of any one of claims 1 to 55, wherein the Vu gene segment is a human
Vu gene segment, the Du gene segment is a human Du gene segment and the Ju gene
segment is a human Ju gene segment.

59. The method of claim 58, wherein the immunoglobulin heavy chain variable region
comprises at least 3 human Vu gene segments.

60. The method of claim 58 or claim 59, wherein the immunoglobulin heavy chain
variable region comprises all of the human Du gene segments.

61. The method of any one of claims 58 to 60, wherein the immunoglobulin heavy
chain variable region comprises all of the human Ju gene segments.

62.  The method of any one of claims 1 to 61, wherein the immunoglobulin heavy chain
variable region comprises a nucleotide sequence encoding a functional rodent Adam6

polypeptide.
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63.  The method of any one of claims 1 to 62, wherein the immunoglobulin heavy chain
locus is positioned at an endogenous immunoglobulin heavy chain locus.
64. The method of claim 63, wherein the immunoglobulin heavy chain locus replaces
all or part of the endogenous immunoglobulin heavy chain locus.
65. The method of any one of claims 1 to 64, wherein the rodent is heterozygous for the
immunoglobulin heavy chain locus.
66. The method of any one of claims 1 to 64, wherein the rodent is homozygous for the
immunoglobulin heavy chain locus.
67.  The method of claim 1, wherein the rodent comprises in its genome:
an endogenous immunoglobulin heavy chain locus that comprises:
) an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;
(i)  arodent intronic enhancer (Ei);
(i)  an immunoglobulin heavy chain constant region comprising:
(a) a rodent C,, gene segment;
(b) arodent Cs gene segment;
(c) a rodent Cy3 gene segment;
(d) arodent Cy1 gene segment;
(e) a rodent Cy2b gene segment;
(f) a modified Cu gene segment encoding a human IgG1 Cul
domain, a human IgG1 hinge region, a human IgG1 Ca2 domain, a
human IgG1 Cu3 domain, a rodent IgG2a transmembrane domain,
and a rodent IgG2a cytoplasmic domain;
(g) a rodent Ce gene segment; and
(h) a rodent Cq gene segment; and
(iv)  arodent 3’ regulatory region (3’ RR),
wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces
IgG antibodies comprising variable domains derived from the human Vu gene
segment, the human Du gene segment and the human Ju gene segment and heavy

chain constant domains derived from the modified Cu gene segment.
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The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(@)

(i1)
(iif)

(iv)

an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;

a rodent intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising:

(a) a rodent Cy gene segment;

(b) a rodent Cs gene segment;

(c) a rodent Cy3 gene segment;

(d) arodent Cy1 gene segment;

(e) a rodent Cy2b gene segment;

(f) a modified Cu gene segment encoding a human IgG1 Cul
domain, a human IgG1 hinge region, a human IgG1 Cu2 domain, a
human IgG1 Cu3 domain, a human IgG1 transmembrane domain,
and a human IgG1 cytoplasmic domain;

(g) arodent C. gene segment; and

(h) a rodent Cq gene segment; and

a rodent 3’ regulatory region (3’ RR),

wherein the immunoglobulin heavy chain variable region is operably linked

to the immunoglobulin heavy chain constant region such that the rodent produces

IgG antibodies comprising variable domains derived from the human Vu gene

segment, the human Du gene segment and the human Ju gene segment and heavy

chain constant domains derived from the modified Cu gene segment.

The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(@)

(if)
(iii)

an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;

a rodent intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising;

(a) a rodent Cy gene segment;

(b) a rodent Cs gene segment;
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(c) a rodent Cy3 gene segment;
(d) a modified Cu gene segment encoding a human IgG4 Cul
domain, a human IgG4 hinge region, a human IgG4 Cu2 domain, a
human IgG4 Cu3 domain, a rodent IgG1 transmembrane domain, and
a rodent IgG1 cytoplasmic domain;
(e) a rodent Cy2b gene segment;
(f) a rodent Cy2a and/or Cyac gene segment;
(g) a rodent C: gene segment; and
(h) a rodent Cq gene segment; and
(iv)  arodent 3' regulatory region (3’ RR),
wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces
IgG antibodies comprising variable domains derived from the human Vu gene
segment, the human Du gene segment and the human Ju gene segment and heavy
chain constant domains derived from the modified Cu gene segment.
70.  The method of claim 1, wherein the rodent comprises in its genome:
an endogenous immunoglobulin heavy chain locus that comprises:
) an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;
(i)  arodent intronic enhancer (Ei);
(iii)  an immunoglobulin heavy chain constant region comprising:
(a) a rodent Cy, gene segment;
(b) a rodent Cs gene segment;
(c) arodent Cy3 gene segment;
(d) a modified Cu gene segment encoding a human IgG4 Cul
domain, a human IgG4 hinge region, a human IgG4 Cu2 domain, a
human IgG4 Cu3 domain, a human IgG4 transmembrane domain,
and a human IgG4 cytoplasmic domain;
(e) a rodent Cy2b gene segment;
(f) a rodent Cy2a and/or Cy2c gene segment;
(g) a rodent Ce gene segment; and

(h) a rodent Cq gene segment; and
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a rodent 3’ regulatory region (3’ RR),

wherein the immunoglobulin heavy chain variable region is operably linked

to the immunoglobulin heavy chain constant region such that the rodent produces

IgG antibodies comprising variable domains derived from the human Vu gene

segment, the human Du gene segment and the human Ju gene segment and heavy

chain constant domains derived from the modified Cu gene segment.

The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(®)

(if)
(iif)

(iv)

an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;

a human intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising:

(a) a human C, gene segment;

(b) a human Cs gene segment;

(c) a human Cy3 gene segment;

(d) a human Cy1 gene segment; and

a rodent 3’ regulatory region (3’ RR),

wherein the immunoglobulin heavy chain variable region is operably linked

to the immunoglobulin heavy chain constant region such that the rodent produces

IgG antibodies comprising a fully human heavy chain.

The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(@)

(i)
(iii)

an immunoglobulin heavy chain variable region comprising a human
Vu gene segment, a human Du gene segment and a human Ju gene
segment;

a human intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising:

(a) a human C, gene segment;

(b) a human Cs gene segment;

(c) a human Cy3 gene segment;

(d) a human Cy1 gene segment;

(c) a human Cy2 gene segment;
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(d) a human Cys gene segment; and

a rodent 3’ regulatory region (3’ RR),

wherein the immunoglobulin heavy chain variable region is operably linked

to the immunoglobulin heavy chain constant region such that the rodent produces

IgG antibodies comprising a fully human heavy chain.

The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(@)

(i1)
(iif)

(iv)

an immunoglobulin heavy chain variable region comprising a rodent
Vu gene segment, a rodent Du gene segment and a rodent Ju gene
segment;

a rodent intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising:

(2) a human Cy gene segment;

(b) a human Cs gene segment;

(c) a human Cy3 gene segment;

(d) a human Cy1 gene segment; and

a rodent 3’ regulatory region (3’ RR),

wherein the immunoglobulin heavy chain variable region is operably linked

to the immunoglobulin heavy chain constant region such that the rodent produces

IgG antibodies comprising a heavy chain comprising a rodent variable domain and a

human constant domain.

The method of claim 1, wherein the rodent comprises in its genome:

an endogenous immunoglobulin heavy chain locus that comprises:

(@)

(i)
(iii)

an immunoglobulin heavy chain variable region comprising a rodent
Vu gene segment, a rodent Du gene segment and a rodent Ju gene
segment;

a rodent intronic enhancer (Ei);

an immunoglobulin heavy chain constant region comprising:

(a) a human C, gene segment;

(b) a human Cs gene segment;

(c) a human Cy3 gene segment;

(d) a human Cy1 gene segment;

(c) a human Cy2 gene segment;
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(d) a human Cys gene segment; and
(iv) arodent 3’ regulatory region (3’ RR),
wherein the immunoglobulin heavy chain variable region is operably linked
to the immunoglobulin heavy chain constant region such that the rodent produces
IgG antibodies comprising a heavy chain comprising a rodent variable domain and a
human constant domain.
75.  The method of any one of claims 1 to 74 wherein the rodent further comprises in its
genome:
an immunoglobulin kappa (k) chain locus that comprises:
) an immunoglobulin k chain variable region comprising a human Vi
gene segment and a human Jx gene segment; and
2) an immunoglobulin k chain constant region comprising a human Cx
gene segment,
wherein the immunoglobulin k chain variable region is operably linked to
the immunoglobulin k chain constant region such that the rodent produces
antibodies comprising light chain variable domains derived from the human Vi gene
segment and the human J« gene segment and light chain constant domains derived
from the human Ck gene segment
wherein the human antibody being tested comprises a k light chain.
76. The method of claim 75, wherein the immunoglobulin « chain locus further
comprises a rodent intronic k enhancer (Exi).
77. The method of claim 75, wherein the immunoglobulin « chain locus further
comprises a human intronic k enhancer (Ewi).
78.  The method of any one of claims 75 to 77, wherein the immunoglobulin x chain
locus further comprises a rodent 3’ k enhancer (Ex3').
79.  The method of any one of claims 75 to 77, wherein the immunoglobulin k chain
locus further comprises a human 3’ k enhancer (Exs3').
80. The method of any one of claims 75 to 79, wherein the immunoglobulin k chain
variable region comprises at least 6 human Vi gene segments.
81. The method of claim 75 or claim 80, wherein the immunoglobulin k chain variable
region comprises all of the human Jx gene segments.
82.  The method of any one of claims 75 to 81, wherein the immunoglobulin k chain

locus is positioned at an endogenous immunoglobulin «k chain locus.
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83.  The method of claim 82, wherein the immunoglobulin « chain locus replaces all or
part of the endogenous immunoglobulin k chain locus.
84. The method of any one of claims 75 to 83, wherein the rodent is heterozygous for
the immunoglobulin « chain locus.
85. The method of any one of claims 75 to 83, wherein the rodent is homozygous for
the immunoglobulin « chain locus.
86.  The rodent of any one of claims 1 to 74, wherein the rodent further comprises in its
genome:
an immunoglobulin lambda () chain locus that comprises:
a human V; gene segment, a human Ji. gene segment and a human Csx. gene
segment,
wherein the human Vi, gene segment and the human Ji. gene segment are
operably linked to the human C;. gene segment such that the rodent produces
antibodies comprising light chain variable domains derived from the human V). gene
segment and the human Ji. gene segment and light chain constant domains derived
from the human C;. gene segment,
wherein the human antibody being tested comprises an A light chain.
87. The method of claim 86, wherein the human C;. gene segment is a human Ciui gene
segment.
88. The method of claim 87, wherein the human Ji. gene segment is a human Ju gene
segment.
89. The method of claim 86, wherein the human Cy. gene segment is a human Ci2 gene
segment.
90. The method of claim 89, wherein the human Ji gene segment is a human Jiz gene
segment.
91. The method of claim 86, wherein the human C;. gene segment is a human Ci3 gene
segment.
92. The method of claim 91, wherein the human Ji. gene segment is a human Jis gene
segment.
93. The method of claim 86, wherein the human Ci gene segment is a human Ci7 gene
segment.
94, The method of claim 93, wherein the human Ji. gene segment is a human Jx7 gene

segment.
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95.  The method of any one of claims 86 to 94, wherein the immunoglobulin A chain
locus comprises a human Ci.1 gene segment, a human Cjz gene segment, a human Cis gene
segment and a human Ci7 gene segment or a rodent C 11 gene segment.

96.  The method of claim 95, wherein the immunoglobulin A chain locus comprises a
human Ji1 gene segment, a human Ji2 gene segment, a human Jis gene segment and a
human Ji7 gene segment.

97. The method of any one of claims 86 to 96, wherein the immunoglobulin A chain
locus comprises at least 7 human Vi gene segments.

98.  The method of any one of claims 86 to 97, wherein the immunoglobulin A chain
locus further comprises a rodent A enhancer 2.4.

99.  The method of any one of claims 86 to 98, wherein the immunoglobulin A chain
locus further comprises a rodent 3’ A enhancer.

100.  The method of any one of claims 86 to 99, wherein the immunoglobulin A chain
locus further comprises a rodent A enhancer 3.1.

101.  The method of any one of claims 86 to 100, wherein the immunoglobulin A chain
locus further comprises a human 3’ A enhancer.

102. The method of any one of claims 86 to 101, wherein the immunoglobulin A chain
locus is positioned at an endogenous immunoglobulin A chain locus.

103. The method of claim 102, wherein the immunoglobulin A chain locus replaces all or
part of the endogenous immunoglobulin A chain locus.

104. The method of any one of claims 86 to 103, wherein the rodent is heterozygous for
the immunoglobulin A chain locus.

105. The method of any one of claims 86 to 103, wherein the rodent is homozygous for
the immunoglobulin A chain locus.

106.  The method of any one of claims 1 to 105, wherein the rodent further comprises in
its genome a neonatal Fc receptor (FcRn) locus comprising a nucleic acid sequence
encoding a FcRn polypeptide comprising a human extracellular domain.

107.  The method of claim 106, wherein the FcRn polypeptide further comprises a rodent
transmembrane domain.

108.  The method of claim 106, wherein the FcRn polypeptide further comprises a human
transmembrane domain.

109. The method of any one of claims 106 to 108, wherein the FcRn polypeptide further

comprises a rodent cytoplasmic domain.
-212-



WO 2019/190990 PCT/US2019/023899

110. The method of any one of claims 106 to 108, wherein the FcRn polypeptide further
comprises a human cytoplasmic domain.

111.  The method of any one of claim 106 to 110, wherein the nucleic acid sequence
encoding the FcRn polypeptide is positioned at an endogenous rodent FcRn locus.

112.  The method of claim 111, wherein the nucleic acid sequence encoding the FcRn
polypeptide replaces all or part of an endogenous rodent FcRn gene.

113.  The method of claim 106, wherein the nucleic acid sequence encoding the FcRn
extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent FcRn
extracellular domain.

114. The method of any one of claims 106 to 113, wherein the rodent does not express a
rodent FcRn.

115. The method of any one of claims 106 to 114, wherein the rodent is heterozygous for
the FcRn locus.

116. The method of any one of claims 106 to 114, wherein the rodent is homozygous for
the FcRn locus.

117. The method of any one of claims 106 to 116, wherein the rodent further comprises
in its genome a f-2-microglobulin (B2M) locus comprising a nucleic acid sequence
encoding a human or humanized p-2-microglobulin (2M) polypeptide.

118. The method of claim 117, wherein the nucleic acid sequence encoding a human or
humanized p2M polypeptide is positioned at an endogenous rodent f2M locus.

119. The method of claim 118, wherein the nucleic acid sequence encoding a human or
humanized B2M polypeptide replaces all or part of the endogenous rodent B2M gene.

120. The method of any one of claims 117 to 119, wherein the rodent does not express a
rodent B2M polypeptide.

121.  The method of any one of claims 117 to 120, wherein the rodent is heterozygous for
the B2M locus.

122.  The method of any one of claims 117 to 120, wherein the rodent is homozygous for
the 2M locus.

123.  The method of any one of claims 1 to 122, wherein the rodent further comprises in
its genome a Fc epsilon receptor 1 alpha (FceR1a) locus comprising a nucleic acid

sequence encoding FceR1a polypeptide comprising a human extracellular domain.
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124.  The method of claim 123, wherein the FceR1a polypeptide further comprises a
rodent transmembrane domain.

125. The method of claim 123, wherein the FceR1a polypeptide further comprises a
human transmembrane domain.

126. The method of any one of claims 123 to 125, wherein the FceR1a polypeptide
further comprises a rodent cytoplasmic domain.

127. The method of any one of claims 123 to 125, wherein the FceR1a polypeptide
further comprises a human cytoplasmic domain.

128.  The method of any one of claim 123 to 127, wherein the nucleic acid sequence
encoding the FceR1a polypeptide is positioned at an endogenous rodent FceR1a locus.
129.  The method of claim 128, wherein the nucleic acid sequence encoding the FceR1a
polypeptide replaces all or part of an endogenous rodent FceR1a gene.

130. The method of claim 123, wherein the nucleic acid sequence encoding the human
FceR1a extracellular domain replaces an endogenous nucleic acid sequence encoding a
rodent FceR1a extracellular domain.

131.  The method of any one of claims 123 to 130, wherein the rodent does not express a
rodent FceR1a.

132.  The method of any one of claims 123 to 131, wherein the rodent is heterozygous for
the FceR1a locus.

133.  The method of any one of claims 123 to 131, wherein the rodent is homozygous for
the FceR1a locus.

134.  The method of any one of claims 1 to 133, wherein the rodent further comprises in
its genome a Fc gamma receptor 1a (FcyR1a) locus comprising a nucleic acid sequence
encoding FcyR1a polypeptide comprising a human extracellular domain.

135.  The method of claim 134, wherein the FcyR1a polypeptide further comprises a
rodent transmembrane domain.

136. The method of claim 134, wherein the FcyR1a polypeptide further comprises a
human transmembrane domain.

137. The method of any one of claims 134 to 136, wherein the FcyR1a polypeptide
further comprises a rodent cytoplasmic domain.

138.  The method of any one of claims 134 to 136, wherein the FcyR1a polypeptide
further comprises a human cytoplasmic domain.
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139. The method of any one of claim 134 to 138, wherein the nucleic acid sequence
encoding the FcyR1a polypeptide is positioned at an endogenous rodent FcyR1a locus.

140. The method of claim 139, wherein the nucleic acid sequence encoding the FcyR1a
polypeptide replaces all or part of an endogenous rodent FcyR1a gene.

141.  The method of claim 134, wherein the nucleic acid sequence encoding the human
FcyR1a extracellular domain replaces an endogenous nucleic acid sequence encoding a
rodent FcyR 1a extracellular domain.

142.  The method of any one of claims 134 to 141, wherein the rodent does not express a
rodent FcyR1a.

143.  The method of any one of claims 134 to 142, wherein the rodent is heterozygous for
the FcyR1a locus.

144.  The method of any one of claims 134 to 142, wherein the rodent is homozygous for
the FcyR1a locus.

145. The method of any one of claims 1 to 144, wherein the rodent further comprises in
its genome a Fc gamma receptor 2a (FcyR2a) locus comprising a nucleic acid sequence
encoding a human FcyR2a polypeptide.

146. The method claim 145, wherein the nucleic acid sequence encoding the FcyR2a
polypeptide is positioned at an endogenous rodent low affinity FcyR locus.

147.  The method of claim 146, wherein the nucleic acid sequence encoding the human
FcyR2a polypeptide replaces all or part of an endogenous rodent low aftinity FcyR gene.
148. The method of any one of claims 145 to 147, wherein the rodent is heterozygous for
the FcyR2a locus.

149.  The method of any one of claims 145 to 147, wherein the rodent is homozygous for
the FcyR2a locus.

150. The method of any one of claims 1 to 149, wherein the rodent further comprises in
its genome a Fc gamma receptor 2b (FcyR2b) locus comprising a nucleic acid sequence
encoding a human FcyR2b polypeptide.

151.  The method claim 150, wherein the nucleic acid sequence encoding the FcyR2b
polypeptide is positioned at an endogenous rodent low affinity FcyR locus.

152.  The method of claim 151, wherein the nucleic acid sequence encoding the human
FcyR2b polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

153. The method of any one of claims 150 to 152, wherein the rodent is heterozygous for

the FcyR2b locus.
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154. The method of any one of claims 150 to 152, wherein the rodent is homozygous for
the FcyR2b locus.

155.  The method of any one of claims 1 to 154, wherein the rodent further comprises in
its genome a Fc gamma receptor 3a (FcyR3a) locus comprising a nucleic acid sequence
encoding a human FcyR3a polypeptide.

156. The method claim 155, wherein the nucleic acid sequence encoding the FcyR3a
polypeptide is positioned at an endogenous rodent low affinity FcyR locus.

157.  The method of claim 156, wherein the nucleic acid sequence encoding the human
FcyR3a polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

158. The method of any one of claims 155 to 157, wherein the rodent is heterozygous for
the FcyR3a locus.

159. The method of any one of claims 155 to 157, wherein the rodent is homozygous for
the FcyR3a locus.

160. The method of any one of claims 1 to 159, wherein the rodent further comprises in
its genome a Fc gamma receptor 3b (FcyR3b) locus comprising a nucleic acid sequence
encoding a human FcyR3b polypeptide.

161. The method of claim 160, wherein the nucleic acid sequence encoding the FcyR3b
polypeptide is positioned at an endogenous rodent low affinity FcyR locus.

162. The method of claim 161, wherein the nucleic acid sequence encoding the human
FcyR3b polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

163. The method of any one of claims 160 to 162, wherein the rodent is heterozygous for
the FcyR3b locus.

164. The method of any one of claims 160 to 162, wherein the rodent is homozygous for
the FcyR3b locus.

165. The method of any one of claims 1 to 164, wherein the rodent further comprises in
its genome a Fc gamma receptor 2¢ (FcyR2c¢) locus comprising a nucleic acid sequence
encoding a human FcyR2c¢ polypeptide.

166. The method of claim 165, wherein the nucleic acid sequence encoding the FcyR2¢
polypeptide is positioned at an endogenous rodent low affinity FcyR locus.

167. The method of claim 166, wherein the nucleic acid sequence encoding the human
FcyR2c¢ polypeptide replaces all or part of endogenous rodent low affinity FcyR gene.

168. The method of any one of claims 165 to 167, wherein the rodent is heterozygous for

the FcyR2c¢ locus.
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169. The method of any one of claims 165 to 167, wherein the rodent is homozygous for
the FcyR2c¢ locus.

170.  The method of any one of claims 1 to 169, wherein the rodent is a mouse.

171. A rodent comprising in its genome a neonatal Fc receptor (FcRn) locus comprising
a nucleic acid sequence encoding a FcRn polypeptide comprising a human extracellular
domain and a rodent cytoplasmic domain.

172.  The rodent of claim 171, wherein the FcRn polypeptide further comprises a rodent
transmembrane domain.

173. The rodent of claim 171, wherein the FcRn polypeptide further comprises a human
transmembrane domain.

174.  The rodent of any one of claim 169 to 173, wherein the nucleic acid sequence
encoding the FcRn polypeptide is positioned at an endogenous rodent FcRn locus.

175.  The rodent of claim 174, wherein the nucleic acid sequence encoding the FcRn
polypeptide replaces all or part of an endogenous rodent FcRn gene.

176.  The rodent of claim 171, wherein the nucleic acid sequence encoding the human
FcRn extracellular domain replaces an endogenous nucleic acid sequence encoding a rodent
FcRn extracellular domain.

177.  The rodent of any one of claims 171 to 176, wherein the rodent does not express a
rodent FcRn.

178.  The rodent of any one of claims 171 to 177, wherein the rodent is heterozygous for
the FcRn locus.

179.  The rodent of any one of claims 171 to 177, wherein the rodent is homozygous for
the FcRn locus.

180. The rodent of any one of claims 171 to 179, further comprising in its genome B-2-
microglobulin (B2M) locus comprising a nucleic acid sequence encoding a human or
humanized B-2-microglobulin (B2M) polypeptide.

181. The rodent of claim 180, wherein the nucleic acid sequence encoding a human or
humanized p2M polypeptide is positioned at an endogenous rodent f2M locus.

182. The rodent of claim 181, wherein the nucleic acid sequence encoding a human or
humanized B2M polypeptide replaces all or part of the endogenous rodent f2M gene.

183.  The rodent of any one of claims 180 to 182, wherein the rodent does not express a

rodent B2M polypeptide.
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184. The rodent of any one of claims 180 to 183, wherein the rodent is heterozygous for
the B2M locus.

185. The rodent of any one of claims 180 to 183, wherein the rodent is homozygous for
the B2M locus.

186. A rodent comprising in its genome a F¢ epsilon receptor 1 alpha (FceR1a) locus
comprising a nucleic acid sequence encoding FceR 1o polypeptide comprising a human
extracellular domain.

187. The rodent of claim 186, wherein the FceR 10, polypeptide further comprises a
rodent transmembrane domain.

188. The rodent of claim 186, wherein the FceR 10, polypeptide further comprises a
human transmembrane domain.

189.  The rodent of any one of claims 186 to 188 wherein the FceR1a polypeptide further
comprises a rodent cytoplasmic domain.

190. The rodent of any one of claims 186 to 188, wherein the FceR1a polypeptide further
comprises a human cytoplasmic domain.

191.  The rodent of any one of claim 186 to 190, wherein the nucleic acid sequence
encoding the FceR 1a polypeptide is positioned at an endogenous rodent FceR1a, locus.
192. The rodent of claim 191, wherein the nucleic acid sequence encoding the FceR1a
polypeptide replaces all or part of an endogenous rodent FceR1a gene.

193. The rodent of claim 186, wherein the nucleic acid sequence encoding the human
FceR1a extracellular domain replaces an endogenous nucleic acid sequence encoding a
rodent FceR1a extracellular domain.

194.  The rodent of any one of claims 186 to 193, wherein the rodent does not express a
rodent FceR1a.

195.  The rodent of any one of claims 186 to 194, wherein the rodent is heterozygous for
the FceR1a locus.

196.  The rodent of any one of claims 186 to 194, wherein the rodent is homozygous for
the FceR1a locus.

197.  The rodent of any one of claims 171 to 196, wherein the rodent is a mouse.

198. A method of testing a human antibody comprising administering the antibody to a
rodent of any one of claims 171 to 197.

199.  The method of any one of claims 1 to 170 and claim 198 further comprising

measuring one or more pharmacokinetic properties of the administered human antibody.
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200. The method of claim 199, wherein the one or more pharmacokinetic properties are
selected from one or more of area under the plasma concentration versus time (AUC), in
vivo recovery (IVR), clearance rate (CL), mean residence time (MRT), agent half-life (t}%),
and volume of distribution at steady state (Vss).

201. The method of any one of claims 1 to 170 and claim 198 further comprising
measuring the therapeutic efficacy of the administered human antibody.

202. The method of any one of claims 1 to 170 and claim 198 further comprising
administering a plurality of doses of the human antibody and determining a therapeutic
efficacy of each dose of the human antibody.

203. The method of any one of claims 1 to 170 and claim 198 further comprising
administering a plurality of doses of the human antibody and determining the safety of each
dose the human antibody.

204. The method of any one of claims 1 to 170 and claim 198 further comprising
administering a plurality of doses of the human antibody and determining the tolerability of
each dose the human antibody.

205. The method of any one of claims 1 to 170 and claim 198 further comprising
measuring one or more Fc receptor mediated responses in the rodent.

206. The method of claim 205, wherein the one or more Fc receptor mediated response is
an ADCC response.

207. The method of any one of claims 1 to 170 and claim 198, wherein the human
antibody binds to a target cell in the mouse, and further comprising measuring antibody-
dependent cell-mediated cytotoxicity (ADCC) of natural killer (NK) cells against the target
cell and comparing the amount of ADCC to a control, wherein increased target cell killing
indicates the agent has increased ability to mediate ADCC.

208. The method of any one of claims 1 to 170 and claim 198 further comprising

measuring the immune response generated by the rodent against the human antibody.
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