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CHIMERICANTIGEN RECEPTORS

RELATED APPLICATIONS

(0001} This application claims the benefit of priority to Provisional Application
Nos. 62/167,650, filed May 28, 2015, 62/094,603, filed December 19, 2014, 62/076,836,
filed November 7, 2014, 62/052,947, filed September 19, 2014 and 62/052,901, filed

Scptember 19, 2014, each of which is hereby incorporated by reference in its entirety.

SEQUENCE LISTING

| 3002} The instant application contains a Sequence Listing which has been
submitted clectronically in ASCII format and is hereby incorporated by reference in its
entirety. Said ASCII copy, created on September 16, 2015, is named RPB-010.25 SL.txt
and 1s 42,074 bytes in size.

BACKGROUND

[6003] Genetically modtficd rodents have proven to be a valuable source of
therapeutic antibodies specific for many antigens, however some antigens have proven
difficult to target. Thus, there 1s a great need for novel therapeutic antigen binding proteins,

as well as for methods and compositions useful in the generation of such antigen binding

protcins.
SUMMARY
0004} Provided herein are methods and compositions related to chimeric antigen

reeeptors (CARs). For example, provided herein are CARs and CAR polypeptides, non-
human animals expressing CARs and CAR polypeptides and nucleic acids encoding CARs
and CAR polypeptides, as well as compdsi'tians and methods useful for the making and use
of such CARs, CAR-expressing non-human animals and CAR-encoding nucleic acids.
[0005] As described herein, CARs are antigen binding proteins that have an antigen
bmding domatn derived from an immunoglobulin (Tg) variable domain and a constant
domain derived from a T cell receptor (TCR). Generally, the CARs provided herein
comprise two CAR polypeptide chains, one of which includes a TCRo constant domain and

one of which mcludes a TCR constant domain. Each polypeptide chain comprises an Ig
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variable domain, with one polypeptide chain comprising a heavy chain Ig variable domain
and the other chain comprising an Ig light chain (x or A) variable domain. In some
embodimeh,ts, the CARSs provided herein have binding specificity for a peptide presénted by
a major histocompatibility complex (MHC) protein (e.g., a class I MHC protein or a class H
MHC protein).

0006} In certain aspects, provided herein is a genetically modified non-human
antmal (e.g., a rodent, such as a mouse or a rat) that expresses a CAR polypeptide. In some
embodiments, the non-human animal comprises in its germline a CAR locus comprising an
unrearranged variable region locus comprising unrearranged human Ig variable region genc
scgments (e; g., unrearranged V, D and J heavy chain genc scgments, unrearranged V « and
J x light chain gene segments or unrearranged V A and J A light chain gene segments) and a
TCR constant region gene (e.g., a TCRa constant region gene or a TCRP constant region
gene). In some embodiments, the unrearranged Ig variable region gene segments arc
operably linked to the TCR constant region gene such that the genetically modified non-
iuman animal expresses a CAR polypeptide comprising an Ig variable domain encoded by
a rearranged Ig vanable region gene derived from the unrearranged variable region gcnc
segments and a TCR constant domain encoded by the TCR constant region gene. In some
cmbodiments, the unrearranged Ig variable region gene segments are human Ig variable
region gene segments. In some embodiments, the TCR constant region gene is of
endogenous specics origin. In some embodiments, the TCR constant domain is human or
rodent (e.g., mouse or rat). In some embodiments, the TCR constant region gene is a mouse
or a rat 1 CR constant region. In some embodiments, the unrearranged variable region locus
comprises Ig variable region intergenic sequences (e.g., heavy chain intergenic sequences, k
infergenic sequences or A intergenic sequences). In some embodiments the Ig variable
region intergenic sequences are human sequences, mouse sequences or rat sequences. In
some embodiments, the unrearranged variable region locus comprises TCR variable region
intergenic scquences (e.g., TCRP intergenic sequences or TCRa intergenic sequence). In
some embodiments the TCR variable region intergenic sequences are human sequences,
MOUSsC SCquences or rat sequences.

[0007] In some aspects, provided herein is a geneti_cally modified non-human
animal (e.g., a rodent, such as a mousc or a rat) that expresses a CAR. In some

cmbodiments, the non-human animal comprises in its germline a first CAR locus and a

20
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second CAR locus. In some embodiments, thé fiest CAR locus comprises an unrearranged
variable region locus comprising unrearranged human Ig Vi, Dy and Jy gene segments and
a constant region locus comprising a TCRP constant region gene of endogenous species
origin (e.g., of rat or mouse origin), wherein the human unrearranged lg Vi, Dy and Jy gene
segments are operably linked to the TCR constant region gene such that the genetically
modified non-human animal expresses a first CAR polypeptide chain comprising an Ig
heavy chain variable domain encoded by a rearranged heavy chain variable region gene
derived from the unrearran ged Ig Vy, Dy and Jy gene segments and a TCRp constant
domain encoded by the TCRP constant region gene. In some ecmbodiments, the first CAR
locus comprises a rcarranged variable region locus comprising a Ig heavy chain variablc
region gene (a universal heavy chain variable region) and a constant region locus
comprising a TCRP constant region gene of endogenous species origin (e.g., of rat or
mouse origin), wherein the genctically modified non-human animal expresses a first CAR
.polybeptide chan corprising an Ig heavy chain variable domain encoded by the rearranged
heavy chain variable region gene and a TCR[ constant domain encoded by the TCRJ3
constant region gene. In some embodiments, the sccond CAR locus compriscs an
unrearranged variable region locus comprising unrearranged human lg V. and J, and a
constant region locus comprising a TCRa constant region gene of endogenous specics
origin (e.g., of rat or mouse origin), wherein the human unrearranged Ig V. and J g,e;n.e'
scgments are operably linked to the TCRo constant region gene such that the genetically
modified non-human animal expresses a second CAR polypeptide chain comprising an Igx
variable domain encoded by a rearranged Ig k variable region gene derived from the
unrearranged Ig V. and J, gene segments and a TCRe constant domain encoded by the
TCRa constant region gene. In some embodiments, the second CAR locus comprises an
unrcarranged variable region locus comprising unrearranged human Ig Vi, and T, and a
constant regton locus comprising a TCRa constant region gene of endogenous species
origin (e.g., of rat or mouse origin), wherein the human unrearranged Ig Vi and J;, gene
segments are operably hinked to the TCRa constant region gene such that the genetically
modificd non-human animal expresscs a second CAR polypeptide chain comprising an Ig A
variable domain encoded by a rearranged Ig A variable region gene derived from the
unrearranged Ig V; and J, gene segments and a TCRa constant domain encoded by the

TCRo constant region gene. In some embodiments, the second CAR locus COIMPrises 4
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rearranged variable region locus comprising a Ig light chain x or A variable region gene (a
universal light chain variable region) and a constant region locus comprising a TCRa
constant region gene of endogenous species origin (e.g., of rat or mouse origin), wherein
the genetically modified non-human animal expresses a second CAR polypeptide chain
comprising an Ig light chain variable domain encoded by the rearranged light chain variable
region gene and a TCRa constant region encoded by the TCRa constant region gene. In
some embodiments, the genetically modified non-human animal expresses a CAR
comprising the first CAR polypeptide chain and the second CAR polypeptide chain. In
some embodiments, one or both of the unrearranged variable region loci comprise Ig
variable region intergenic sequences {e.g., heavy chain intergenic sequences, k intergenic
sCquences or A intergenic sequences). In some embodiments the Ig variable region
Intergenic sequences are human sequences, mouse sequences or rat sequences. In some
cmbodiments, onc or both unrearranged variable region loci comprise TCR variable region
intergenic sequences (e.g.. TCRP intergenic sequences or TCRo, intergenic sequence). In
some embodiments the TCR variable region intergenic sequences are human sequences,
mouse sCQUCNCes or rat sequences.

[0(08] - In some embodiments, the genetically modified non-human animal
described herein expresses a CAR. In some cmbodiments, the CAR is cxpressed on T cells
(e.g., CD4 and/or CD8 T cells) of the non-human animal. fn some embodiments, the CAR
expressing T cells have undergone positive and/or negative selection in the thymus of the
genetically modified non-human aniral. In some embodiments, the CAR has binding
specificity for a peptide/MHC complex (i.e., a peptide presented in the groove of a MHC
protein). In some embodiments, the CAR has binding specificity for a peptide presented by
a class I MHC protein. In some embodiments, the CAR has binding specificity for a peptide
presented by a class I MHC protein.

6009} In some embodiments of the genetically modified non-human animals
described herein, the CAR locus is located at an endogenous TCR locus (e.g., an
endogenous TCRa Jocus or an endogenous TCRP locus). In some embodiments, the TCR
constant region gene of the CAR locus is an endogenous TCR constant region gene. In
sore embodiments, all of or a portion of the variable regic}n of an endogenous TC Ra locus
and/or TCRP locus is replaced with all of or a portion of a variable region of an g locus to

create the CAR locus. In some embodiments, the entire TCR variable region is replaced
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with an Ig variable region. In some embodiments, the TCR variable region gene segments
are replaced with Ig variable region gene segments. For example, in some embodiments, the
V., D and J gene segments of the endogenous TCRP locus are replaced with Ig heavy chain
V., D and J gene segments. In some embodiments, the V and J gene segments of the
cndogenous TCRa locus are replaced with Ig light chain (e.g., x or A) V and J gene
segments. In some embodiments, the CAR locus is located outside of an endogenous TCR
locus.

[(0310)] - In some embodiments of the genetically modified non-human animals
described herem, all of the endogenous TCR variable region gene segments in the variable
region locus of the CAR locus are replaced with Ig variable region gene scgments. In some
cmbodiments substantially all TCR variable region gene segments in variable region locus
of the CAR locus are replaced with Ig variable region gene segments. In some
cmbodiments, no more than 1, 2, 3,4, 5.6, 7, 8 9. or 10 TCR variable region genc
segments are 1o the variable region locus of the CAR locus and/or are operably linked to the
TCR constant region gene. In some embodiments, no functional TCR variable region gene
scgments arc operably linked to the TCR constant region gene in the CAR locus. In some
embodiments, no TCR variable region gene segments are operably linked to the TCR
constant region gene in the CAR locus. In some embodiments, the CAR locus comprises at
least 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17,18, 19, 20, 30, 40, 50, 60, 70 or 80
1g variable region gene segments.

[0011] - In some embodiments, the genetically modified non-human animal does not
express a tunctional aff TCR. In some embodiments, the genetically modified non-human
animal does not express a functional TCRa chain and/or a functional TCRP chain. In some
embodiments, the endogenous TCRa variable region locus and/or TCRP variable region
locus 1s inactivated in the genetically modified non-human animal. For cxample, in some
embodiments, the endogenous TCRa variable region locus and/or TCRp variable region
locus 1s inactivated by deletion of all of or a portion of the cndogenous locus. In some
embodiments, the TCRa vartable region locus and/or TCR variable region locus is
inactivated by disrupting of the operable linkage between the TCR variable region locus
and the TCR constant region locus (e.g., by deleting non-coding regulatory elements, by
verting the TCR variable region locus or a portion thereof and/or by inserting nucleic acid

sequence, such as nucleic acid sequence encoding an unrearranged Ig variable region or a
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portion thereof, between the variable region gene segments of the TCR variable region
locus and the TCR constant region gene of the TCR constant region locus).

[0012] In some embodiments, the non-human animal does not comprise a TCRS
locus. TCRO 1s located mside the TCRa locus, between TCRe V and TCRa J gene
segments. Thus, in some embodiments, the non-human animal comprises at TCR ¢ locus a
variable region of Ig light chain comprising Ig light chain V and J gene scgments operably
linked to a TCRa constant region, and the TCRS locus is cither deleted or modified such
that the non-human animal docs not express a functional 8/y TCR. In some embodiments,
the TCRO locus is preserved, and the non-human animal docs express a functional &/y TCR.
[0613] In some embodiments of the genetically modified non-human animal
provided herein, the unrearranged variable region of the CAR locus comprises one or more
trypsinogen (TRY) genes (e.g., TRY genes and/or pseudogenes normally present in the
TCRP variable region locus). In some embodiments, the TRY genes are of endogenous
species origin. In some embodiments, the TRY genes are mouse TRY gencs. In some
embodiments, the mouse TRY genes are selected from the group Consisting of Tryl, Try2,
Try3, Try4, Try5, Try6, Try7, Try8, Try9, Tryi0, Tryl1, Tryl2, Try13, Tryld, TrylSs,
Try16, Tryl7, Tryl8, Try19 and Try20. in some embodiments, one or more TRY genes are
located upstream of the V segments of the unrcarranged variable region. In some
embodiraents, one or more TRY genes are located downstream of the V segments (e.g,,
downstrcam of the V scgments and upstrcam of the D and/or J scgments) of the
unrcarranged variable region. In some embodiments, Try1-7 are located upstrcam of the V
segments of the unrearranged variable region and Try 8-20 are located downstream of the V
scgments (e.g., downstrecam of the V segments and upstream of the D and/or J segments) of
the unrearranged variable region.

[0014] In some cmbodiments, the genctically modified non-human animal
expresses one or more humanized MHC class | a chain polypeptides. In some
embodiments, the humanized MHC class I ¢ chain polypeptide is fully human. In some
embodiments, the humanized MHC class I « chain polypeptide comprises a human
cxtracellular domain (human al, 0.2, and a3 domains) and a cytoplasmic domain of
endogenous species origin. In some embodiments, the humanized class I o chain
polypeptide is HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-g, HLA-K or HLA-L. In
some embodiments, the non-human animal expresses humanized HLA-A, HLA-B. HLA-C,

-6 -
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HILA-E, HLA-F, HLA-g, HLA-K and/or HLA-L polypeptides. In some embodiments, the
non-human animal comprises in its genome a humanized MHC class 1 o chain locus
comprising a nucleic acid sequence encoding the humanized MHC class T « chamn
polypeptide. In some embodiments, the humanized MHC class 1 a chain locus 18 located at
an endogenous MHC class 1 o chain locus. In some embodiments, one or more (e.g., all) of
the endogenous MHC class 1 o chain loci of the non-human antmal are replaced with
humanized MHC class I a chain loci. In some embodiments, the genetically moditied non-
human animal does not express a MHC class 1 a chain polypeptide of entirely endogenous
SPECICS Origin,

|0G15] In some cmbodiments, the genetically modified non-human animal
expresses a humanized B-2-microglobulin polypeptide. In some embodiments, the
humanized B-2-microglobulin polypeptide 1s fully humaun. In some emboduments, the non-
human animal comprises in its genome a humanized B-2-microglobulin locus comprising a
nucleic acid sequence encoding the humanized B-2-mucroglobulin polypeptide. 1o some
embodiments, the humanized B-2-microglobulin locus 1s located at the endogenous [3-2-
microglobulin locus. In some cmbodiments, the endogenous B-2-microglobulin locus 18
replaced with the humanized B-2-microglobulin locus. In some embodiments, the
genetically modified non-human animal docs not express a B-2-microglobulin polypeptide
of entirely endogenous species origin.

6016} In some embodiments, the genetically modified non-human animal
expresses one or more humanized MHC class II o cham polypeptides. In some
cmbodiments, the humanized MHC class 1T e chain polypeptide 1s fully human. In some
cmbodiments, the humanized MHC class 11 e chain polypeptide comprises a human
extracellular domain and a cytoplasmic domain ot endogenous species origin. In some
embodiments, the humanized class II o chain polypeptide 1s HLA-DMA, HLA-DOA, HLA-
DPA, HLA-DQA or HLA-DRA. In some embodiments, the non-human animal expresses
humanized HLA-DMA, HLA-DOA, HLA-DPA, HLA-DQA and/or HLA-DRA
polypeptides. In some embodiments, the non-human animal corprises 1n its genome a
humanized MHC class I o chain locus comprising a nucieic acid sequence encoding the
humanized MHC class H ¢ chain polypeptide. In some embodiments, the humanized MHC
class II « chain locus i located at an endogenous MHC class 11 o chain locus. In some

cmbodiments, onc or more (e.g., all) ot the endogenous MHC class I « chain loci of the
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non-human animal are replaced with humanized MHC class 11 « chain loci. In some
cmbodiments, the genetically modificd non-human animal does not express a MHC class 11
« chain polypeptide of entirely endogenous species origin.

[0017} In some embodiments, the genetically modified non-human animal
cxpresses one or more humanized MHC class I 8 chain polypeptides. In some
embodiments, the humanized MHC class 11 B chain polypeptide is fully human. In sdme
embodiments, the humanized MHC class 11 B chain polypeptide comprises a human
extracellular domain and a cytoplasmic domain of endogenous species origin. In some
cmbodiments, the humanized class 1T § chain polypeptide is HLA-DMB, HLA-DOB, HLA-
DPB, HLA-DQB or HL,AJ)RB. In some cmbodiments, the non-human animal CXPICSSCS
humanized HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB and/or HLA-DRB
polypeptides. In some embodiments, the non-human animal comprises in its genome a
humanized MHC class I1 B chain locus comprising a nucleic acid sequence encoding the
humanized MHC class II f§ chain polypeptide. In some embodiments, the humanized MHC
class Il § chain locus 1s located at an endogenous MHC class 11 B chain locus. In some
cmbodiments, one or more (e.g., all) of the endogenous MHC class 1T B chain loci of the
non-human animal are replaced with humanized MHC class 11 B chain loci. In some
cmbodiments, the genetically modified non-human animal does not express a MHC class 11
B cham polypeptide of entirely endogenous species origin. |
[0018] In some embodiments, the genetically modified non-human animal
expresses a humanized CD8 a chain polypeptide. In some embodiments, the humanized
CDS « chain polypeptide is fully human. In some embodiments, the humanized CDS «
chain polypeptide comprises a human cxtracellular immunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the non-human
animal comprises in its genome a humanized CD8 o chain locus comprising a nucleic acid
sequence encoding the humanized CD¥ o chain polypeptide. In some embodiments, the
humamzed CDS « chain locus is located at an endogenous CD8 « chain locus. In some
cmbodiments, the endogenous CD8 « chain locus of the non-human animal is replaced with
the humanized CD8 o chain locus. In some embodiments, the genetically modified non-
human animal does not express a CDS « chain polypeptide of entirely endogenous SPECICS

origin.
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0019} In some embodiments, the genctically modified non-human animal
expresses a humanized CDS P chain polypeptide. In some embodiments, the humanized
CD8 B chain polypeptide is fully human. In some embodiments, the humanized CD 8
chain polypeptide comprises a human extracellular immunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the non-human
animal comprises in its genome a humanized CD8 § chain locus comprising a nucleic acid
sequence encoding the humanized CD8 B chain polypeptide. In some embodiments, the
humanized CD8 f chain locus is located at an endogenous CD8& B chain locus. In some
embodiments, the endogenous CDR& P chain locus of the non-human animal is replaced with
the humanized CD8 3 chain locus. In some embodiments, the genctically modified non-
human animal does not express a CD8 B chain polypeptide of entirely endogenous species
origin,

[06(20] In some embodiments, the genetically modified non-human animal
expresses a humanized CD4 polypeptide. In some embodiments, the humanized CD4
polypeptide is fully human. In some embodiments, the humanized CD4 polypeptide
comprises at lcast onc human cxtracellular immunoglobulin domain and a cytoplasmic
domain of endogenous species origin. In some embodiments, the humanized CD4
polypeptide comprises at least a human D1 immunoglobulin domain, a human D2
immunoglobulin domain, and a human D3 immunoglobulin domain, and a cytoplasmic
domain of endogenous species origin. In some embodiments, the humanized CD4
polypeptide comprises a human D1 immunoglobulin domain, a human D2 immunoglobulin
domain, a human D3 immunoglobulin d.dmain, a D4 immunoglobulin domain of
cndogenous species origin, and a cytoplasmic domain of endogenous specics origin. In
some embodiments, the non-human animal comprises in its genome a humanized CD4
locus comprising a nucleic acid sequence encoding the humanized CD4 polypeptide. In
some embodiments, the humanized CD4 locus is located at an endogenous CD4 locus. In
some embodiments, the endogenous CD4 locus of the non-human animal is replaced with
the humanized CD4 locus. In some embodiments, the genetically modificd non-human
animal does not express a CD4 polypeptide of entirely endogenous species origin.

[0021] In certawn aspects, provided herein is a method of making T cell expressing a
CAR. In some embodiments, the CAR has antigen specificity for a peptide’MHC complex

(e.g., a peptide/class I MHC complex and/or a peptide/class I MHC complex). In some
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cmbodiments, the method includes the step of exposing a genetically modified non-human
animal described herein to an antigen comprising a peptide such that the peptide is
presented on a MHC in the non-human an imal. In some embodiments, the method includes
the step of obtaining a T cell expressing a CAR specific for the peptide peptide/MHC
complex from the genetically modified non-human animal. In some embodiments, provided
herein is a T cell made according to and/or obtainable from a method described herein.
[0022] ~In certain aspects, provided herein is a method of mak'ing T ccll hybri‘doma.
expressing a CAR. In some embodiments, the CAR has antigen specificity for a
peptide/MHC complex {e.g., a peptide/class I MHC complex and/or a peptide/class T MHC
complex). In some cmbodiments, the method includes the step of cxposing a genetically
modified non-human animal described herein to an antigen comprising a peptide such that
the peptide s presented on a MHC in the non-human animal. In some embodiments, the
mcthod includes the step of obtaining a T cell expressing a CAR specific for the
peptide/MHC complex from the genetically modified non-human animal. In some
embodiments, the method includes the step of making a T cell hybridoma from the T cell.
In some ecmbodiments, provided herein is a T cell hybridoma madc according to and/or
obtainable from a method provided herein.

[0023} In certain aspects, provided herein s a method for making a nucleic acid
encoding an Ig variable domain (e.g., an Ig heavy chain variable domain, an Ig x variable
domain and/or an Ig A variable domain). In some embodiments the Ig variable domain has
binding speciticity for a peptide/MHC complex (e.g., a peptide/class | MHC complex
and/or a peptide/class IT M HC complex), either alone or when paired with another Ig
variable domain. In some embodiments, the method includes the step of exposing a non-
human animal described herein to an antigen comprising a peptide such that the peptide is
presented on @ MHC in the non-human animal. In some embodiments, the method includes
the step of obtaining a T cell expressing a CAR specific for the peptide/MHC complex from
the genctically modificd non-human animal. In some embodiments, the method includes
1solating a nucleic acid encoding an Ig variable domain of the CAR from the T cell. In some
embodiments, nucleic acids encoding cach of the variable domains of the CAR are isolated
from the T cell. In some embodiments, provided herein is a nucleic acid encoding an Ig

variable domain made according to and/or obtainable from a method provided herein.
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[0024] In certain aspects, provided herein is a method for making an antibody or an
antibody fragment. In some embodiments, the antibody or antibody fragment has binding
spectticity to a peptide/MHC complex (e.g., a peptide/class I MHC complex and/or &
peptide/class 11 MHC complex). In some embodiments, the method includes the step of
cxposing a non-human antmal described herein to an antigen comprising a peptide such that
the peptide is presented on a MHC in the non-human animal. In some em’bod.iments, the
method includes obtaining a T cell expressing a CAR specific for the peptide/MHC
complex from the genctically modified non-human animal. In some embodiments, the
method imcludes the step of isolating nucleic acids encoding the heavy chain Ig variable
domain and/or the light chain Ig variable domain of thc CAR from the T cell. In some
embodiments, the method includes the step of transfecting a host cell with one or more
vectors encoding the heavy chain Ig variable domain and the light chain Ig variable domain
such that the host cell expresses an antibody or an antibody fragment comprising the heavy
chain variable domain and the light chain variable domain. In some embodiments. the
method ncludes the step of operably linking a nucleic acid sequence encoding the heavy
chain Ig variablec domain with a nuclcic acid scquence encoding a heavy chain Ig constant
domain in a host cell such that the host cell expresses an Ig heavy chain polypeptide
comprising the Ig heavy chain variable domain and the Ig heavy chain constant domain. In
some embodunents, the method includes the step of operably linking a nucleic acid
sequence encoding the light chain Ig variable domain with a nucleic acid sequence
encoding a light chain Ig constant domain in a host cell such that the host cell expresses an '
Ig light chain polypeptide comprising the Ig light chain variable domain and the Ig heavy
chain constant domain. In some embodiments, the method includes the step of operably
linking a nucleic acid sequence encoding the heavy chain Ig variable domain with a nucleic
acid sequence encoding a heavy chain Ig constant domain in a host cell and operably
linking a nucleic acid sequence encoding the light chain g variable domain with a nucleic
acid sequence encoding a light chain Ig constant domain in the host cell such that the host
cell expresses an antibody having a heavy chain comprising the heavy chain lg variable
domain and the heavy chain Ig constant domain and a light chain comprising the light chain
Ig vanable domain and the light chain Ig constant domain. In some embodiments, the

method includes the step of culturing the host cell under conditions such that the host cell

expresses an antibody or antibody fragment. In some embodiments, the Ig light chain
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and/or heavy chain constant domain are human Ig constant domains. In some embodiments,
provided herein is an antibody or anttbody fragment madc according to and/or obtainable
from a method provided herein.

[0025] In certain embodiments, provided herein are methods of treating cancer in a
subject comprising administering to the subject an antibody or antibody fragment described
herein (e.g., an antibody that has binding specificity to a peptide/MHC complex and/or that
has been generated according to a method described herein). In some embodiments, the
methods described herein may be used to treat any cancerous or pre-cancerous tumor.
Cancers that may treated by methods and compositions described herein include, but are not
timited to, cancer cells from the bladder, blood, bone, bonc marrow, brain, breast, colon,
csophagus, gastromtestine, gum, head, kidney, liver, lung, nasopharynx, neck, ovary,
prostate, skin, storaach, testis, tongue, or uterus. In addition, the cancer may specifically be
of the following histological type, though it is not limited to these: neoplasm, malignant;
carcmoma, carcinoma, undifferentiated; giant and spindle cell carcinoma; small cell
carcinoma; papillary carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma;
basal ccH carcinoma; ptlomatrix carcinoma; transitional ccll carcinoma paptliary
transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant; cholangiocarcinoma;
hepatocellular carcinoma; combined hepatocellular carcinoma and cholangiocarcinoma;
trabecular adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma in adenomatous
polyp; adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor,
malignant; branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe
carcinoma, acidophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell
adcnocarcinoma, granular cell carcinoma,; follicular adenocarcinoma; papillary and
follicular adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal cortical
carcinoma, endometroid carcinoma; skin appendage carcinoma; apocrine adenocarcinoma;
sebaceous adenocarcinoma; ceruminous adenocarcinoma; mucoepidermoid carcinomas
cystadenocarcinoma, papillary cystadenocarcinoma; papillary serous cystadenocarcinoma;
mucinous cystadenocarcinoma; mucinous adenocarcinoma; signet ring cell carcinoma;
infiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory
carcinoma; paget's disease, mamroary; acinar cell carcinoma: adenosquamous carcinoma;
adenocarcinoma w/squamous metaplasia; thymoma, malignant; ovarian stromal tumor,

malignant; thecoma, malignant; granulosa cell tumor, malignant; and roblastoma,

.
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malignant;, sertoli cell carcinoma; leydig cell turnor, malignant; lipid cell tumor, malignant;
paraganglioma, malignant; extra-mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading
melanoma; malig melanoma in giant pigmented nevus; epithelioid cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocytoma, malignant; myxosarcoma;
liposarcoma; leilomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma;
alveolar rhabdomyosarcoma; stromal sarcoma; mixed tumor, malignant; mullerian mixed
tumor, nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant;
brenner tumor, malignant; phylodes tumor, malignant; synovial sarcoma; mesothclioma,
malignant; dysgerminoma; embryonal carcinoma; teratoma, malignant; struma ovarii,
malignant; choriocarcinoma; mesonephroma, malignant; hemangiosarcoma;
hemangioendothelioma, malignant; kaposi's sarcoma; hemangiopericytoma, malignant;
lymphangiosarcoma; ostecosarcoma; juxtacortical osteosarcoma; chondrosarcoma;
chondroblastoma, malignant; mesenchymal chondrosarcoma; giant cell tumor of bone;
ewing's sarcoma; odontogenic tumor, malignant; ameloblastic odontosarcoma;
amcloblastoma, malignant; amcloblastic fibrosarcoma; pincaloma, malignant; chordoma:
glioma, malignant; ependymoma; astrocytoma; protoplasmic astrocytoma; fibrillary
astrocytoma; astroblastoma; glioblastoma; oligodendroglioma; oligodendroblastoma;
primitive neuroectodermal; cerebellar sarcoma; ganglioneuroblastoma; neuroblastomas:
retinoblastoma; olfactory neurogenic tumor; meningioma, malignant; neurofibrosarcoma:
neurilemmoma, malignant; granular cell tumor, malignant; malignant lymphoma; Hodgkin's
disease; Hodgkin's lymphoma; paragranuloma; malignant lymphoma, small lymphocytic;
malignant lymphoma, large cell, diffuse; malignant lymphoma, follicular; mycosis
fungoides; other specified non-Hodgkin's lymphomas; malignant histiocytosis; multiple
myeloma; mast cell sarcoma; immunoproliferative small intestinal discase; leukemia:
tymphoid teukemia; plasma cell leukemia, erythroleukemia; lymphosarcoma cell leukemia;
mycloid leukemia; basophilic leukemia; cosinophilic leukemia; monocytic leukemia; mast
cell leukemia; megakaryoblastic leukemia; myeloid sarcoma; and hairy cell leukemia.
0026} In certain embodiments, provided herein are methods of treating a subject
suffering from an infection, including a viral infection, a bacterial infection, a helminth
infection, or a protozoan infection, comprising administering to the subject an antibody or

antibody fragment described herein (e.g., an antibody that has binding specificity to a
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peptide/MHC complex and/or that has been generated according to a method described
herein). For example, in some embodiments, provided herein are methods of treating viral
infectious diseases, mcluding HPV, HBV, hepatitis C Virus (HCV), retroviruses such as
human immunodeficiency virus (HIV-1 and HIV-2), herpes viruses such as Epstein Barr
Virus (EBV), cytomegalovirus (CMV), HSV-1 and HSV-2, and influenza virus. In some
embodiments, the pathogen treated are parasites, such as malaria. In some embodiments,
provided herein are treatments of bacterial, fungal and other pathogenic diseases, such as
Aspergillus, Brugia, Candida, Chlamydia, Coccidia, Cryptococcus, Dirofilaria,
Gonococcus, Histoplasma, Leishmania, Mycobacterium, Mycoplasima, Paramecium,
Pertussis, Plasmodium, Pneumococcus, Pnewmocystis, Ricketisia, Salmonella, Shigella,
Staphylococcus, Streptacoccus, Toxoplasma and Vibriocholerae. Exemplary species
include Neisseria gonorrhea, Mycobacterium tuberculosis, Candida albicans, Candida
tropicalis, Trichomonas vaginalis, Haemophilus vaginalis, Group B Streptococcus sp.,
Microplasma hominis, Hemophilus ducreyt, Granuloma inguinale, Lvinphopathia
venereum, Treponema pallidum, Brucella abortus. Brucella melitensis, Rrucella suis,
Brucella canis, Campvlobacter fetus, Campyiobacter fetus intestinal is, Leptospira pomona,
Listeria monocytogenes, Brucella ovis, Chlamydia psittaci, Trichomonas foetus,
Toxoplasma gondii, Escherichia coli, Actinobacillus equuli, Salmonella abortus ovis,
Salmonella abortus equi, Pseudomonas aeruginosa, Corynebacterivm equi,
Corynebacterium pyogenes, Actinobaccilus seminis, Mycoplasma bovigenitalium,
Aspergillus fumigatus, Absidia ramosa, Trypanosoma equiperdum, Bahesia caballi,
Clostridium tetani, Clostridium botulinum; or, a fungus, such as, e.g., Paracoccidioides
brasiliensis; or other pathogen, e.g., Plasmodium falciparum.

10027} In some aspects, provided herein 1s a2 method for making a cell (e.g., a
human ccll, such as a human T cell) expressing a CAR. In some ecmbodiments, the antibody
or antibody fragment has binding specificity to a peptide/MHC complex (e.g., a
peptide/class I MHC complex and/or a peptide/class 1T MHC complex). In some
embodiments, the method mcludes the step of exposing a non-human animal described
herein to an antigen comprising a peptide such that the peptide is presented on a MHC in
the non-human animal. In some embodiments, the method includes obtamning a T cell
expressing a CAR specific for the peptide presented on the MHC from the genetically

moditied non-human animal. In some embodiments, the method includes the step of
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1solating nucleic acids encoding the beavy chain Ig variable domain and/or the light chain
Ig vanable domain of the CAR from the T cell. In some embodiments, the method includes
the step of operably linking a nucleic acid sequence encoding the heavy chain Ig variable
domain with a nucleic acid sequence encoding a TCR constant domain (e.g., a TCRP
constant domain or a TCRa constant domain) in a cell (e.g., a human cell, such as a human
T cell) such that the cell expresses a CAR polypeptide comprising the Ig heavy chain
variable domain and the TCR constant domain. In some embodiments, the method includes
the step of operably linking a nucleic acid sequence encoding the light chain g variable
domain with a nucleic acid sequence encoding a TCR constant domain (e.g., a TCRp
constant domain or a TCRa constant domain) in a cell (e.g., a human cell, such as a human
T cell) such that the cell expresses a CAR polypeptide comprising the Ig light chain |
variable domain and the TCR constant domain. In some embodiments, the method includes
the step of operably linking a nucleic acid sequence encoding the heavy chain Ig variable
domatn with a first TCR constant domain (e.g., a TCR constant domain or a TCRa,
constant domain) in a cell (e.g., a human cell, such as a human T cell) and operably linking
a nucleic acid sequence encoding the light chain Ig variable domain with a nuclcic acid
sequence encoding a second TCR constant domain (e.g., a TCRP constant domain if the
first TCR constant domain is a TCRa constant domain or a TCRa constant domain if the
first TCR constant domain 1s a TCRP constant domain) in the cell such that the cell
expresses an CAR having a first CAR chain polypepﬁde comprising the heavy chain Ig
variable domain and the first TCR constant domain and a second CAR polypeptide
comprising the light chain Ig variable domain and the second TCR constant domain. In
some embodiments, the TCR constant domains are human TCR constant domains. In some
embodiments, the cell 1s an ex-vivo cell (e.g., an ex vivo human cell, such as an ex vivo
human T cell). In some embodiments, provided herein is a cell expressing a CAR made
according to and/or obtainable from a method provided herein.

[0028] In some embodiments, any method of exposing the genctically modified
non-human animal described herein to an antigen comprising a peptide such that the
peptide is presented on a MHC in the non-human animal can be used. In some
embodiments, the genetically modified non-human animal is exposed to the antigen by
infecting the non-human animal with a virus (e.g., a retrovirus, an adenovirus or a |

lentivirus) comprising a nucleic acid sequence encoding the antigen. In some cmbodiments,
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the genetically moditied non-human animal is exposed to the antigen by administering to
the animal a nucleic acid encoding the péptide such that the peptide is expressed in the non-
human animal. In some embodiments, the non-human animal is administered a nucleic acid
encoding a single chain peptide/MHC complex. In some embodiments, the genetically
modified non-human animal is exposed to the antigen by administering to the genetically
modified non-human animal a peptide/MHC complex. In some embodiments, the non-
human animal 15 administered a single chain peptide/MHC complex (e.g., a single chain
ecto-MHC/B-2-microglobulin/peptide protein complex). In some embodiments, the
peptide/MHC complex 1s administercd as a multimer {(e.g., & tetramer). In some
cmbodiments, the peptide/MHC complex is present on the surface of a cell (e.g., an anti gen
presenting cell, such as a macrophage or dendritic cell). In some embodiments, a B7.1, B7.2
or ICOS-L1s present on the surtace of the cell. In some embodiments, the cell expressesa T
cell sttimulatory cytokine (e.g. IL-1, IL-2, IL-4, IL-6, IL-12, 1L-13, IFN-y, TNF-q, TGF-B,
IFN-g and/or IFN-[).

0029} In some embodiments of the methods described herein, any method can be
uscd to 1solate the nucleic acid comprising cncoding the Ig variable domain. In some
embodiments, the step of isolating the nucleic acid comprises making a T cell hybridoma
from the T cell and isolating the nucleic acid from the T cell hybridoma. In some
embodiments, the nucleic acid is 1solated using a nucleic acid amplification process (e.g.,
PCR). In some embodiments, the nucleic acid is isolated by sequencing the rearranged Ig
variable region gene in a CAR locus of the T cell or the T cell hybridoma and synthesizing
a nucleic actd sequence comprising the rearranged Ig variable region gene.

[0030]  In certain aspects, provided herein is a cell expressing a CAR obtained from
or obtamable from a genetically modified non-human animal described herein. In some
embodiments, the cell is a T cell. In some embodiments, the cell is a T cell hybridoma. In
some embodiments, the CAR has binding specificity for a peptide/MHC complex.

[0031] In certain aspects, provided herein is a nucleic acid comprising a rearranged
lg variable region gene (e.g., a heavy chain Ig variable region gene or a light chain heavy
chain variable region gene) obtained from or obtainable from a genetically modified non-
human animal or cell described herein. In some embodiments, the nucleic acid further
comprises a TCR constant region gene (e.g., a TCRa constant region gene or a TCR

constant region gene). In some embodiments, the nucleic acid encodes a CAR polypeptide.
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In some embodiments, the Ig variable region gene encodes an Ig variable domain that has
binding specificity for a peptide/MHC complex.

[0032] In certawn aspects, provided herein is a CAR or a CAR polypeptide obtained
from or obtainable from a genetically modified non-human animal or cell described herein.
In some embodiments, the CAR or CAR polypeptide has binding specificity for a
peptide/MHC complex. |

[0033] In certain aspects, provided herein is a non-human embryonic stem (ES) cell
(¢.g., arodent ES cell, such as a mouse ES cell or a rat ES cell) that comprises in its
genomce a CAR locus. In some embodiments, the CAR locus comprises an unrearranged
variable region Jocus comprising unrcarranged human Ig variable region gene segments
(e.g., unrearranged V, D and J heavy chain gene scgments, unrearranged V x and J « light
cham gene segments or unrearranged V & and J A light chain gene segments) and a TCR
constant region gene (e.g., a TCRo constant region gene or a TCRP constant region genc).
In some embodiments, the unrearranged Ig variable region gene segments are operably
linked to the TCR constant region gene. In some embodiments, the unrearranged Ig variable
region gene scgments are human Ig variable region gene scgments. In some embodiments,
the TCR constant region gene is of endogenous species origin. In some embodiments, the
unrearranged variable region locus comprises Ig variable region intergenic sequences (e.g.,
heavy chain intergenic seqﬁences, K Infergenic sequences or A intergenic sequences). In
some embodiments the Ig variable region intergenic sequences arc human sequenc cs,
mouse sequences or rat sequences. In some embodiments, the unrearranged variable region
locus comprises TCR variable region intergenic sequences (e.g., TCRP intergenic
sequences or TCRa intergenic sequence). In some embodiments the TCR variable region
intergenic sequences are human sequences, mouse sequences or rat sequences.

0034 In some aspects, provided herein is a non-human ES cell (e.g., a rodent ES
cell, such as a mouse ES cell or a rat ES cell) that comprises in its genome a first CAR
locus and & second CAR locus. In some embodiments, the first CAR locus comprises an
unrearranged variable region locus comprising unrearranged human Ig Vi, Dy and Iy gene
segments and a constant region locus comprising a TCRf constant region gene of
endogenous species origin, wherein the human unrearranged Ig Vi, Dy and Jir gene
segments are operably linked to the TCRP constant region gene. In some embodiments, the

first CAR locus compriscs a rearranged variable region locus comprising a Ig heavy chain
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variable region gene (a universal heavy chain variable region) and a constant region locus
comprising a TCRf constant region gene of endogenous species origin. In some
ernbodiments, the second CAR locus comprises a an unrearranged variable region locus
comprising unrearranged human Ig V, and J, and a constant region locus comprising a
TCRa constant region gene of endogenous species origin, wherein the human unrearranged
lg Vand J gene segments are operably linked to the TCRa constant region gene. In some
embodiments, the sccond CAR locus comprises an unrearranged variable region locus
comprising unrearranged human Ig V; and J; and a constant region locus comprising a
TCRa constant region gene of endogenous species origin, wherein the human unrearranged
Ig V;, and J,, gene segments are opcrably linked to the TCRa constant region gene. In some
cmbodiments, the second CAR locus comprises a rearranged variable region locus
comprising a Ig light chain x or A variable region gene (a universal light chain variable
region) and a constant region locus comprising a TCRa constant region gene of endogenous
species origin. In some embodiments, one or both of the unrearranged variable region loci
comprises lg variable region intergenic sequences (e.g.. heavy chain intergenic sequences, K
I{CTgenic sequences or A intergenic sequences). In some embodiments the Ig variable
reglon intergenic sequences are human sequences, mouse sequences or rat sequences. In
some embodiments, one or both of the unrcarranged variable region loci comprise TCR
variable region intergenic sequences (e.g., TCRB intergenic sequences or TCRa intergenic
sequence). In some embodiments the TCR variable region intergenic sequences are human
SCQUENCES, MOUsSe sequences or rat sequences.

[0035] In some embodiments of the non-human animal ES cells described herein,
the CAR locus is located at an endogenous TCR locus (e.g., an endogenous TCRa locus or
an endogenous TCRP locus). In some embodiments, the TCR constant region gene of the
CAR locus is an endogenous TCR constant region genc. In some embodirhents, all of or a
portion of the variable region of an endogenous TCRa locus and/or TCR locus is replaced
with all of or a portion of a variable region of an Ig locus to create the CAR locus. In some
embodiments, the entire TCR variable region is replaced with an Ig variable region. In
some embodiments, the TCR variable region gene scgments are replaced with Ig variable
region genc segments. For example, in some embodiments, the V, D and J gene segments

of the endogenous TCRP locus are replaced with Ig heavy chain V, D and J gene segments.
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In some embodiments, the V and J gene segmentis of the endogenous TCRa locus are
replaced with Ig light chain (e.g., x or A) V and J gene segments.

[06036] In some embodiments, the non-human ES cell does not comprise a
tfunctional TCR locus. In some embodiments, the non-human ES cell does not comprise a
tunctional TCRa chain locus and/or a functional TCRP chain locus. In some embodiments,
the endogenous TCRa locus and/or TCRP locus is inactivated in the genetically modified
non-human ES cell (e.g., by deletion of all of or a portion of the endogenous locus). In
some embodiments, the non-human ES cell does not comprise a functional TCRS locus.
|0037} In some embodiments of the non~-human animal ES cells described herein,
the unrcarranged variable region of the CAR locus comprises one or more trypsinogen
(TRY) genes (e.g., TRY genes and/or pscudogenes normally present in the TCRP variable
region locus). In some embodiments, the TRY genes are of endogenous spc'cies origin. In
some embodiments, the TRY genes are mouse TRY genes. In some embodiments, the
mouse TRY genes are sclected from the group consisting of Tryl, Try2, Try3, Try4, Try5,
Try6, Try7, Try8, Try9, Tryl0, Tryll, Try12, Tryl3, Tryl4, Tryl5, Tryl6, Tryl7, Tryls,
Try19 and Try20. In some embodiments, one or more TRY genes are located upstream of
the V segments of the unrearranged variable region. In some embodiments, one or more
TRY genes are located downstream of the V segments (e.g., downstream of the V segments
and upstream of the D and/or J segments) of the unrearranged variable region. In some
ernbodiments, Try1-7 are located upstream of the V segments of the unrearranged variable
region and Try 8-20 are located downstream of the V segments (e.g., downstream of the V
segments and upstream of the D and/or J segments) of the unrearranged variable region.
|6038] In some embodiments, the non-human ES cell comprises in its genome a
tocus encoding a humanized MHC class T a chain polypeptides. In some embodiments, the
humanized MHC class 1 o chain polypeptide is fully human. In some embodiments, the
humantzed MHC class I a chain polypeptide comprises a human extracellular domain
(human o1, a2, and &3 domains) and a cytoplasmic domain of endogenous species origin.
In some embodiments, the humanized class | ¢ chain polypeptide is HLA-A, HLA-B, HLA-
C, HLA-E, HLA-F, HLA-~g, HLA-K or HLA-L. In some embodiments, the non-human ES
cell comprises loci encoding humanized HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HL.A-
g, HLA-K and/or HLA-L polypeptides. In some embodiments, the humanized MHC class 1

« chain locus is located at an endogenous MHC class | « chain locus. In some
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embodiments, one or more {e.g., all} of the endogenous MHC class I a chain loci of the
non-human ES cell are replaced, in whole or in part, with humanized MHC class I a chain
loct. In some embodiments, the non-human ES cell does not comprise a functional
endogenous MHC class I « chain locus {e.g., a locus encoding a MHC class 1 a chain of
cntirely endogenous specics origin).

[6039] ~ In some embodiments, the non-human ES cell comprises in its genome a
locus encoding a humanized B-2-microglobulin polypeptide. In some embodiments, the
humanized -2-microglobulin polypeptide is fully human. In some embodiments, the
humamzed B-2-microglobulin locus 1s located at the endogenous B-2-microglobulin locus.
In some embodiments, the cndogenous B-2-microglobulin locus 1s replaced, in wholc or in
part, with the humanized -2-microglobulin locus. In some embodiments, the non-human
ES cell does not comprise in 1ts genome a functional endogenous B-2-microglobulin locus
(e.g., a locus encoding a B-2-microglobulin polypeptide of entirely endogenous specics
Origin),

[3040] In some embodiments, the non-human ES cell comprises in its genome a
iocus encoding a humanmzed MHC class 1T « chan polypeptide. In some embodiments, the
humanized MHC class I a chain polypeptide is fully human. In some embodiments, the
humanized MHC class II a chain polypeptide comprises a human extracellular domain and
a cytoplasmic domain of endogenous species origin. In some embodiments, the humanized
class Il o chatn polypeptide 1s HLA-DMA, HLA-DOA, HLA-DPA, HLA-DQA or HLA-
DRA. In sorne embodiments, the non-buman ES cell comprises loci encoding humanized
HLA-DMA, HLA-DOA, HLA-DPA, HLA-DQA and/or HLA-DRA polypeptide. In some
cmbodiments, the humanized MHC class II e chain locus 1s located at an endogenous MHC
class Il o chain locus. In some embodiments, one or more {e.g., all) of the endogenous
MHC class II o chain loci of the non-human ES cell are replaced, in whole or in part, with
humanized MHC class 11 a chain loci. In some embodiments, the genetically modified non-
human ES cell does not comprise 1n its genome a functional endogenous MHC class I a
chawn locus (e.g., a locus encoding a MHC class I o chain of entirely endogenous species
origin).

[0041] In some embodiments, the non~-human ES cell comprises in its genome a
locus encoding a humanized MHC class If B chain polypeptide. In some embodiments, the

humamzed MHC class 11 § chain polypeptide 1s fully human. In some embodiments, the
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hurmanized MHC class I 8 chain polypeptide comprises a human extracellular domain and
a cytoplasmic domain of endogenous specics origin. In some embodiments, the humanized
class I § chain polypeptide is HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB or HLA-
DRB. In some embodiments, the non-human ES cell comprises in its genome loci encoding
humanized HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB and/or HLA-DRB
polypeptides. In some embodiments, the humanized MHC class II B chain locus is located
at an endogenous MHC class 11 B chain locus. In some embodiments, one or more (e.g., all)
of the endogenous MHC class 11 f chain loci of the non-human ES cell are replaced, in
whole or in part, with humanized MHC class I § chain loci. In some embodiments, the
non-human ES cell docs not comprise in its genome a functional cndogenous MHC class 11
p chamn locus {e.g.. a locus encoding a MHC class I1 B chain of entirely endogenous species
origin).

[0042] In some embodiments, the non-human ES cell comprises in its genome a
tocus encoding a humanized CD8 o chain polypeptide. In some embodiments, the
humantzed CD& « chain polypeptide is fully human. In some embodiments, the humanized
CD3¥ o chain polypeptide comprises a human extraccllular immunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the humanized
CDS¥ o chan locus 18 located at an endogenous CD8 o chain locus. In some embodiments,
the endogenous CDR a chain locus of the non-human ES cell is replaced, in whole or in
part, with the humanized CD§ « chain locus. In some embodiments, the non-human ES ccll
does not comprise in its genome a functional endogenous CDR a chain locus (e.g., a locus
encoding a CD8 a chain of entirely endogenous species origin).

[6043] In some embodiments, the non-human ES cell comprises in its genome a
focus encoding a humanized CDS 8 chain polypeptide. In some embodiments, the
humanized CDR B chain polypeptide is fully human. In some embodiments, the humanized
CDX 3 chain polypeptide comprises a human extracellular immunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the humanized
CD38 B cban locus 1s located at an endogenous CD8 B chain locus. In some embodiments,
the endogenous CDS f chain locus of the non-human ES cell is replaced, in whole or in
part, with the humanized CDS8 B chain locus. In some embodiments, the non-human ES cell
does not comprise in its genome a functional endogenous CDS8 B chain locus (e.g., a locus

cncoding a CD8 B chain of entirely endogenous species origin).
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[0044] In some embodiments, the non-human ES cell comprises in its genome a
locus encoding a humanized CD4 polypeptide. In some embodiments, the humanized CD4
polypeptide is fully human. In some embodiments, the humanized CD4 jpolypeptide
compriscs at least a human D1 immunoglobulin domain, a human D2 immunoglobulin
domain, and a human D3 immunoglobulin domain, and a cytoplasmic domain of
endogenous species origin. In some embodiments, the humanized CD4 polypeptide
comprises & human D1 immunoglobulin domain, a human D2 immunoglobulin domain, a
human D3 immunoglobulin domain, a D4 immunoglobulin domain of endogenous species
origin, and a cytoplasmic domain of endogenous species origin. In some embodiments, the
humanized CD4 locus is located at an endogenous CD4 locus. In some cmbodiments, the
endogenous CD4 locus of the non-human ES cell is replaced, in whole or in part, with the
humanized CD4 locus. In some embodiments, the non-human ES cell does not comprise in
its genome a functional endogenous CD4 chain locus (e.g., a locus encoding a CD4 chain of
entirely endogenous specics origin).

| 3045} In certain aspects, provided herein is a genetically modified non-human
animal generated using or obtainable from an ES ccll described herein. Tn some
embodiments, the genetically modified non-human animal is a rodent. In some
cmbodiments, the genctically modified non-human animal is a mouse or a rat. In some
embodiments, provided herein is a non-human embryo comprising a non-hurman ES cell
described herein. '

[0046] In certain aspects, provided herein is a method of making a genetically
modified non-human animal that expresses a CAR and/or a CAR polypeptide. In certain
cmbodiments, the method comprises using a non-human ES cell described herein to |
generate a non-human animal. In certain embodiments, the non-human ES cell is a mouse
non-human ES cell. In some embodiments, the method comprises using the
VELOCIMOUSE® method, as described in U.S. Pat. No. 7,294,754, which is hercby
incorporated by reference. In certain embodiments, provided herein is a genetically
moditfied non-human animal generated using or obtainable from the methods provided
herem.

[0047] ~ In certain aspects, provided herein is a CAR locus comprising an
unrearranged variable region locus comprising unrearranged human Ig variable region gene

segments; and a constant region locus comprising a rodent TCR constant region gene (e.g.,
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a mouse TCR constant region gene or a rat TCR constant region gene), wherein the human
unrearranged Ig variabic region gene segments are operably linked to the TCR constant
region gene. In some embodiments, the vnrearranged g variable region gene segments are
human lIg heavy chain (IgH) variable region gene segments. In some embodiments, the
unrearranged Ig variable region gene segments are human Ig light chain (Igl) variable
region gene segments (e.g., g Kk gene segments or Ig A gene segments). In some
embodiments, the TCR constant region gene 18 a TCRa constant region gene. In some
embodiments, the CAR locus is located at an endogenous TCRa locus. In some
cmbodiments, the unrearranged human g vanable region gene scgments replace -
endogenous TCRo variable region genc segments. In some ecmbodiments, the TCRa
constant region gene 1s an endogenous TCRu constant region gene. In some embodiments,
the TCR constant region gene 1s a TCRP constant region gene. In some embodiments, the
CAR locus 15 located at an endogenous TCRP locus. In some embodiments, the
unrearranged human Ig vanable region gene segments replace endogenous TCRP vanable
region gene segments. In some embodiments, the TCR constant region gene is an
cndogenous TCRP constant region gene. In some cmbodiments, the unrcarranged variable
region locus further comprises one or more trypsinogen genes. In some embodiments, the
unrcarranged variable region locus comprises Ig vanable region intergenic sequences (e.g.,
heavy chain intergenic sequences, K mtergenic sequences or A 1ntergenic sequences). In
some embodiments the Ig variable reglon intergenic sequences are human sequences,
mouse sequences or rat sequences. In some embodiments, the unrearranged variable region
locus comprises TCR vartable region intergenic sequences {e.g., TCRp intergenic
sequences or TCRo intergenic sequence). In some embodiments the TCR vanable region
intergenic sequences are human sequences, mouse sequences or rat sequences.

[0048] In certain aspects, provided herein is a CAR locus comprising an
unhrearranged vartable region locus comprising unrcarranged human lg Vi, Dy and J; gene
segments and a constant region locus comprising a rodent TCRp constant region gene (e.g.,
a rat TCRP constant region gene or a mouse TCRP constant region gene), wherein the
human unrearranged Ig Vy, Dy and Jy gene segments are operably linked to the TCRJ
constant region gene. In certain embodiments, the CAR locus 18 located at an endogenous
TCRB locus. In certain embodiments, the unrearranged human lg Vy, Dy and Jy gene

segments replace endogenous TCR variable region gene segments. In some embodiments,
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the TCRJ constant region gene 18 an endogenous TCRP constant region gene. In some
embodiments, the unrcarranged variable region locus further comprises one or more
trypsinogen genes. In some embodiments, the unrearranged variable region locus comprises
Ig variable region intergenic sequences (e.g., heavy chain intergenic sequences, K intergenic
sequences or A intergenic sequences). In some ecmbodiments the Ig variable region
intergenic sequences are human sequences, mouse sequences of rat sequences. In some
embodiments, the unrcarranged vanable region locus comprises TCR variable region
intergenic sequences (e.g., TCRP intergenic sequences or TCRa ntergenic sequence). In
sonme embodiments the TCR varniable region intergenic sequences are human sequences,
MOUSC sequences or rat scquences.

[0049] In certain aspects, provided herein 1s a CAR locus comiprising an
unrearranged variable region locus comprising unrcarranged human Ig Vi and J« gene
segments and a constant region locus comprising a rodent TCRa constant region gene,
wherein the buran unrearranged Ig Vi and J¢ gene segments are operably hinked to the
TCRuo constant region gene. In some embodiments, the CAR locus is located at an
endogenous TCRo locus. In some embodiments, the unrcarranged human Ig V. and Ji gene
segments replace endogenous TCRo variable region gene segments. In some embodiments,
the TCRa constant region gence is an ¢ndogenous TCRa constant region gene. In some
cmbodiments, the CAR locus does not comprise a functional TCR locus; 1n some
cmbodiments, a TCRS locus 15 delcted.

| 0050} In certain aspects, provided herein 1s a rodent (e.g., a rat or a mouse)
comprising in its germline a CAR locus described herein. In some aspects, provided herein
is a4 rodent cell (e.g., arat cell or a mouse cell) comprising i its germahine a CAR locus
described herein. In some embodiments, the cell is an ES cell. In some embodiments,
provided herein 1s a nucleic acid {e.g., a vector) encoding a CAR locus described heremn. In
some embodiments, the unrearranged variable region locus comprises Ig variable region
intergenic sequences (e.g., heavy chain mtergenic sequences, K intergenic sequences or A
intergenic sequences). In some embodiments the Ig variable region intergentc sequences are
human scquenees, mousc sequences ot rat scquences. In some embodiments, the
unrearranged variable region locus comprises TCR vartable region intergenic sequences

(e.g., TCRP intergenic sequences or TCRo mntergenic sequence). In some ecmbodiments the
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TCR variable region intergenic sequences are human sequences, mouse sequences or rat
$CQUENCES.

[6051] In certain aspects, provided herein is a2 method of making a non-buman
animal {e.g., a mouse or a rat) that expresscs a CAR described herein. In certain
cmbodiments, the method comprises genctically modifying a non-human animal such that it
comprises a CAR locus described herein in its germline. In some embodiments, the method
comprises genetically modifying a non-human ES cell (e.g., a mousc ES cell or a rat ES
cell) such that it comprises a CAR locus described herein. In some embodiments, the
method comprises introducing into a non-human ES cell a CAR locus comprising
unrcarranged Ig light chain gene segments (light chain V and J segments) operably linked
to a TCRa constant region, and introducing into a non-human ES cell 2 CAR locus
comprising unrearranged Ig heavy chain gene segments (heavy chain V, D, and J segments)
operably linked to a TCR constant region. In some embodiments, the method compriscs
modifying a TCRa locus of a non-human animal ES cell to comprise unrearranged g light
chain gene segments (light chain V and J segments) operably linked to a TCRa constant
region, and modifying a TCRB locus of a non-human animal ES cell to comprise
unrcarranged g heavy chain gene segments (heavy chain V, D, and J segments) operably
linked to a TCRP constant region,

[0052] In certain aspects, provided herein 18 a chimeric antigen receptor (CAR)
comprising a first CAR polypeptide comprising an Ig heavy chain variable domain and a
TCRP constant domain and a second CAR polypeptide comprising an Ig light chain
variablc domain (e.g., an Ig x variablc domain or an lg A variable domain) and a TCR«
constant domain, wherein the CAR has binding specificity for a peptide/MHC complex
(see, e.g., Figure 1). In some cmbodiments, the peptide/MHC complex is a peptide/class 1
MHC complex. In some embodiments, the peptide/MHC complex 1s a peptide/class il
MHC complex. In some embodiments, the 1g heavy chain variable domain and/or the ig
light chain variablc domain are human Ig variable domains. In some embodiments, the
TCRB constant domain and/or the TCRu constant domain are rodent constant domains (e.g.,
rat or mouse constant domains). In some embodiments, the TCR constant domain and/or
the TCRa constant domain are human constant domains.

[0053] In certain aspects, provided hercin is a chimeric antigen reeeptor (CAR)
COmMprising 1 first CAR polypeptide comprising an Ig heavy chain variable domain and a
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TCRao. constant domain and 4 second CAR polypeptide comprising an Ig light chain
variable domain (e.g., an Ig x variable domain or an Ig A variable domain) and a TCRS
constant domain, wherein the CAR has binding specificity for a peptide/MHC complex
(see, e.g., Figure 2). In some ecmbodiments, the peptide/MHC complex is a peptide/class 1
MHC complex. In some embodiments, the peptide/MHC complex is a peptide/class 11
MHC complex. In some embodiments, the Ig heavy chain variable domain and/or the Ig
Light chain variable domain are human lg variable domains. In some embodiments, the
TCRP constant domain and/or the TCRa constant domain are rodent constant domains (e.g.,
rat or mouse constant domains). In some ecmbodiments, the TCR constant domain and/or
the TCRa constant domain are human constant domains.

| 0054} In certain aspects, provided herein is a cell or non-human animal expressing
a CAR described herein. In some embodiments, the cell is a T cell. In some embodiments,
the ceil or animal 1s a human or rodent (e.g., rat or mouse). In certain embodiments,
provided herein is a non-human animal (e.g., a rodent, such as a rat or a mouse) comprising
a cell described herein.

[0055]  In somc aspects, provided hercin is 2 method of inducing an immunc
response to a peptide/MHC complex in a subject. In some embodiments, the method
includes administering to the subject a cell {e.g., a human T cell, such as a CD4 T cell or a
CDY T cell} expressing a CAR comprising a first CAR polypeptide comprising a human Ig
heavy chain variable domain and a human TCRp constant domain and a second CAR
potypeptide comprising a human Ig light chain variable domain (e.g., an Ig « variable
domain or an Ig A variable domain) and a human TCRa constant domain, wherein the CAR
has binding specificity for the peptide/MHC complex. In some embodiments, the
peptide/MHC complex is.a peptide/class I MHC complex. In some embodiments, the
peptide/MHC complex is a peptide/class I MHC complex.

[0056] In some aspects, provided herein is a method of inducing an immune
response to a peptide/MHC complex in a subject (e.g., a human subject). In some
cembodiments, the method mncludes administering to the subject a cell (e.g., a human T cell,
such as a CD4 T cell or a CD8 T cell) expressing a CAR comprising a first CAR
polypeptide comprising a human Ig heavy chain variable domain and a human TCRa
constant domain and a second CAR polypeptide comprising a human Ig hght chain variable

domamn (e.g., an Ig x variable domain or an Ig A variable domain) and a human TCRJ
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constant domain, wherein the CAR has binding specificity for the peptide/MHC complex.
In some embodiments, the peptide/MHC complex is a peptide/class I MHC complex. In
some embodiments, the peptide/MHC complex is a peptide/class II MHC complex.

[0057] ~ In certain aspects, provided herein is a method of inducing an immune
response to a peptide/MHC complex in a subject (e.g., a human subject). In some
embodiments, the method includes isolating a T cell (e.g., aCD4 T cell or a CDY T cell)
trom the subject. In some embodiments, the method includes inducing expression by the T
celt of a CAR comprising a first CAR polypeptide comprising a human Ig heavy chain
variable domain and a human TCRp constant domain and a second CAR polypeptide
comprising a human Ig light chain variable domain (e.g., an Ig « variable domain or an Ig A
variable domain) and a human TCRa constant domain, wherein the CAR has binding
specificity for the peptide/MHC complex. In some embodiments, the method includes
administering the T cell to the subject. In some embodiments, the method comprises
transfecting the T cell with a first vector comprising a nucleic acid sequence encoding the
tfirst CAR polypeptide and a second vector comprising a nucleic acid sequence encoding the
sccond CAR polypeptide. In some cmbodiments, the mcthod compriscs transfecting the T
cell with a vector comprising a nucleic sequence encoding the first CAR polypepti de and a
nucleic acid sequence encoding the second CAR polypeptide. In some embodiments, the
method comprises the step of inhibiting expression by the T cell of endogenous TCRa
and/or TCR.

[0058] In certain aspects, provided herein is a method of inducing an immune
response to a peptide/MHC complex in a subject (e.g., a human subject). In some
cmbodiments, the method includes isolating a T cell (e.g., a CD4 T cell or a CD8 T cell)
from the subject. In some embodiments, the method includes inducing expression by the T
cell of a CAR comprising a first CAR polypeptide comprising 4 human Ig heavy chain
variable domain and a human TCRa constant domain and a second CAR polypeptide
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