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CHIMERICANTIGEN RECEPTORS

RELATED APPLICATIONS

6661 This application claims the benefit of priority to Provisional Application
Nos. 62/167,650, filed May 28, 2015, 62/094,603, filed Deceraber 19, 2014, 62/076,836,
filed November 7, 2014, 62/052,947, filed September 19, 2014 and 62/052,901, filed

September 19, 2014, cach of which 1s hereby incorporated by reference in its entirety.

SEQUENCE LISTING

18662} The instant application contains a Sequence Listing which has been
submitted electronically in ASCIH format and is hereby incorporated by reference in its
entivety. Said ASCH copy, created on September 16, 2015, 15 vamed RPB-010.25 SL.txt

and is 42,074 bytes in size.

BACKGROUND
16863] Genetically modified 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 is a great need for novel therapeutic antigen binding proteins,
as well as for methods and compositions useful in the generation of such antigen binding

proteins.

SUMMARY

[6064] Provided herein are methods and compositions related to chumeric antigen
receptors {TCARs). For example, provided herein are CARs and CAR polypeptides, non-
human anmimals expressing CARs and CAR polypeptides and nucleic acids encoding CARs
and CAR polypeptides, as well as compositions and methods useful for the making and use
of such CARs, CAR-expressing non-hurman anirnals and CAR-encoding nucleie acids,
[8065] As described herein, CARs are antigen binding proteins that have an antigen
binding domain derived from an imnmunoglobulin (Ig) variable domain and a constant
domain derived from a T cell veceptor (TCR). Generally, the CARs provided herein
comprise two CAR polypeptide chains, one of which includes a TCRo constant domain and

one of which inclades a TCRP constant domain. Each polypeptide chain coraprises an g
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variable domain, with one polypeptide chain comprising a heavy chaio Ig variable domain
and the other chain comprising an Ig light chain (x or A} variable domain. In some
erabodimeunts, the CARs provided herein have binding specificity for a peptide presented by
a major histocompatibility complex (MHC) protein {e.g., a class | MHC protein or a class 1
MHC protein).

[3066] In certain aspects, provided herein s a genetically modified non-human
animal {e.g., a rodent, such as a mouse or a rat) that expresses a CAR polypeptide. In some
embodiments, the non-buman animal comprises in its germline a CAR locus comprising an
unrearranged variable region locus comprising unrearranged human Ig variable region gene
segments {e.g., unrearranged V, D and J heavy chain gene segments, unrearranged V w and
J « light chain gene segments or unrearranged V A and I A light chain gene segments) and a
TCR constant region geue {e.g., a TCRa counstant region geve or a TCRP constant region
gene). In some embodiments, the unrearranged Ig variable region gene segments are
operably Hoked to the TCR coustant region gene such that the genetically modified non-
buman animal expresses a CAR polypeptide comprising an Ig variable domain encoded by
a rearranged Ig variable region gene derived froro the unrcarranged variable region gene
segments and a TCR constant domain encoded by the TCR constant region gene. In some
cmbodiments, the unrearranged Ig variable region gene segments are huran Ig variable
region gene segruents. 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 18 a mouse
or a rat TCR constant region. In some embodiments, the unrearranged variable region locus
compriscs Ig variable region intergenic sequences {e.g., heavy chain intergenic scquences, K
nfergenic sequences or A intergenic sequences). In some embodiments the fg variable
region Intergenic SCqUEnces are human sequences, NMouse scquences or rat sequences., In
some embodiments, the unrearranged variable region locus comprises TCR variable region
mtergenic sequences {e.g., TCRP intergenic sequences or TCRo intergenic sequence). In
some embodiments the TCR vartable region 1ntergenic sequences are huraan sequences,
NIGUSC SCHUSNCES OF rat Sequences.

6067} In some aspects, provided hereiu is a genetically modified non-human
animal {e.g., a rodent, such as a mouse or a rat) that expresses a CAR. In some

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

.



WO 2016/044745 PCT/US2015/050975

second CAR locus. In some embodiments, the first CAR locus comprises an unrearranged
variable region locus comprising unrearranged human Ig Vi, Dy and Jiy 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 Ig 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
dertved from the unrearranged Ig Vi, Dy and Jy gene segments and a TCRP constant
domain cncoded by the TCRJ constant region gene. In some embodiments, the first CAR
focus comprises a rearranged variable region locus comprising a Ig heavy chain variable
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 genetically modified non-human animal expresses a first CAR
polypeptide chain comprising an Ig heavy chain variable domain encoded by the rearranged
beavy chain variable region gene and a TCRP constant domain encoded by the TCRP
constant region gene. In some embodiments, the second CAR locus comprises an
unrearranged variable region locus comprising unrearranged human Ig Veand liand a
constant region locus comprising a TCRo constant region gene of endogenous specics
origin {e.g., of rat or mouse origin}, wherein the haman uorearranged Ig Vi and J. geoe
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 x variable region gene derived from the
unrearranged Ig Vi and I gene scgments and a TCRa constant domain cncoded by the
TCRo constant region gene. In some embodiments, the second CAR locus comprises an
unrcarranged variable region locus comprising unrcarranged human Ig Vo and J, and a
constant region locus comprising a TCRo constant region gene of endogenous species
origin {e.g., of rat or mousc origin), wherein the human unrcarranged Ig V, and J, gene
segments are operably Hnked to the TCRa constant region gene such that the genetically
modified non-human animal expresses a second CAR polypeptide chain comprising an Ig A
variable domain encoded by a rearranged Ig A variable region geue derived from the
unrearranged 1g V, and I, gene segments and a TCRa constant domain encoded by the

TCRo constant region gene. In some ernbodiruents, the second CAR locus comprises 4
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rearranged variable region locus coraprising a Ig Hight chain x or A variable region gene (a
universal Hght chain variable region} and a constant region locus comprising a TCRa
constant region gene of endogenous species origin (e.g., of vat 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 TCRo constant region encoded by the TCRa constant region gene. In
sorac ernbodiments, the genetically modified non-human animal cxpresses a CAR
comprising the first CAR polypeptide chain and the second CAR polypeptide cham. In
some embodiments, one or both of the unrearranged variable region loct coraprise 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
miergenic sequences are human Sequences, Yaouse sequences or rat sequences. In some
cmbodiments, one or both unrearranged variable region loci comprise TCR variable region
intergenic sequences {e.g., TCRP intergenic sequences or TCRo intergenic sequence). In
some embediments the TCR vartable region intergenic sequences are human sequences,
MOUSC SCGUSNCes OF rat Sequences.

[GGH8] In some embodiments, the genetically modified non-human animal
described herein expresses a CAR. In some embodiments, the CAR is expressed on T cells
{e.g., CD4 and/or CDE T cells) of the non-haman animal. In some embodiments, the CAR
expressing T cells have undergone positive and/or negative selection in the thymus of the
genetically modified noo-human animal. In sowe ewbodiments, the CAR has binding
specificity for a peptide/MHC complex (ie., a peptide presented in the groove of a MHC
protein). In some embodiraents, 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 H MHC protein.

[60G89] In some embodiments of the genetically modified non-human animals
described herein, the CAR locus s located at an endogenous TCR locus {e.g., an
endogenous TCRa locus or an endogenous TCRP locus). n some embodiments, the TCR
constant region gene of the CAR locus is an endogenous TCR constant region gene. In
soroe ewbodiments, all of or a portion of the variable region of au endogenous TCRa locus
and/or TCRJ 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 1s replaced
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with an Ig vaniable region. In sowe erobodiments, the TCR varnable region gene scgments
are replaced with {g 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
endogenous TCRa locus are replaced with Ig light chain (e.g, xor A} V and J gene
segments. In some embodiments, the CAR locus is located outside of an endogenous TCR
locus.

6G18] In some embodiments of the genetically modified non-human animals
deseribed herein, all of the endogenous TCR variable region gene segracnts in the variable
region Jocus of the CAR locus are replaced with Ig variable region gene segments. In some
embodiments 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
embodiments, no more than 1, 2, 3,4, 5, 6,7, & 9, or 10 TCR variable region gene
segments are in 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 i 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 coraprises at
feast 1,2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, 15, 16, 17,18, 19, 20, 30, 40, 50, 608, 70 or 80
Ig variable region gene segments.

16611 In some embodiments, the genetically modified nov-human animal does not
express a functional afd TCR. In some embodiments, the genctically modified non-human
animal docs not express a functional TCRo chain and/or a functional TCRP chain. In some
embodiments, the endogenous TCRa variable region locus and/or TCRP variable region
locus is mactivated in the genetically modified non-human animal. For example, in some
embodiments, the endogenous TCRo variable region locus and/or TCRJ variable region
focus is inactivated by delction of all of or a portion of the endogenous locus. In some
embodiments, the TCRo vaniable region locus and/or TCRP variable region locus is
inactivated by disrupting of the operable linkage between the TCR variable region locus
and the TCR couostant region locus {e.g,, by deleting non-coding regulatory elernents, by
mverting the TCR vartable region locus or a portion thereof and/or by inserting nucleic acid
sequence, such as nucleic acid sequence encoding an unrcarranged Ig variable region or a

.
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portion thereof, between the vanable region gene segruents of the TCR variable region
locus and the TCR constant region gene of the TCR constant region locus).

186121 In some embodiments, the non-haman animal does not comprise a TCRS
locus, TCRS is located mnside the TCRau locus, between TCRa V and TCRa J gene
segments, Thus, in some embodiments, the non-human animal coraprises at TCRa locus a
variable region of Ig light chain comprising g light chain V and I genc scgments operably
Huked to a TCRu constant region, and the TCRS locus 1s either deleted or voodified such
that the non-human animal does not express a functional 8/y TCR. In some embodiments,
the TCRS locus 18 preserved, and the non-human animal does express a functional 8/y TCR.
16G13] In some embodiments of the genetically modified von-human animal
provided herein, the unrearranged variable region of the CAR locus comiprises one or more
trypsinogen (TRY) genes {e.g., TRY genes and/or pseudogenes normally present in the
TCRE variable region locus). In some embodiments, the TRY genes are of endogenons
species origin. In some embodiments, the TRY genes are mouse TRY genes. In some
embodiments, the mouse TRY genes are selected from the group consisting of Tryl, Try2,
Try3, Try4, Try3, Try6, Toy7, Try8, Try9, Tryl0, Tryll, Tryl2, Tryl3, Tryl4, Tryls,
Tryl6, Tryl7, Tryl8, Tryl9 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 scgments) of the
unrearranged variable region. In some embodiments, Try1-7 are located upstream of the V
segments of the unrearranged variable region and Try 8-20 are located downstream of the V
scgments {e.g., downstrearm of the V segrents and upstrearn of the D and/or J segments} of
the unrearranged variable region.

16614] In some cmbodiments, the genctically rodified non-human animal
expresses one or more humanized MHC class | o chain polypeptides. In some
embodiments, the humanized MHC class [ o chain polypeptide is fully human. In some
erabodimeunts, the humanized MHC class | ¢ chain polypeptide comprises a buroan
extracetiular domain (human al, a2, and o3 domains) and a cytoplasmic domain of
endogenous species origin. In some embodiments, the humanized class T 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,
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HLA-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 { o chain locus
comprising a nucleic acid sequence encoding the humanized MHC class T« chan
polypeptide. In some embodiments, the humanized MHC class | a chain locus is located at
an endogenous MHC class T o chain locus. In some embodiments, one or more {e.g., all) of
the endogenous MHC class | o chain loci of the non-human animal are replaced with
humanized MHC class 1 ¢ chain loci. In some embodiments, the genetically modified non-
human animal does not express a MHC class I o chain polypeptide of entirely endogenous
SpeCICs Origin.

10615] In some embodiments, the genetically modified non-human animal
expresses a humanized B-2-microglobulin polypeptide. In some embodiments, the
humanized B-Z-microglobulin polypeptide 1s fully human. In some embodiments, the nou-
human animal comprises in its genome a humanized B-2-microglobulin locus comprising a
nucleic acid sequence eocoding the hurnanmzed B-2-mucroglobulin polypeptide. v sorae
embodiments, the bumanized B-2-microglobulin locus is located at the endogenous -2~
microglobulin locus. Tn sorne ernbodiments, the endogenous B-2-mucroglobulin locus 18
replaced with the humanized B-2-microglobulin locus. In some embodiments, the
genetically modified non-human animal does not express a B-2-microglobulin polypeptide
of entirely endogenous species origin.

16616} In some embodiments, the genetically modified non-human animal
expresses one or more humanized MHC class T o chain polypeptides. o some
cembodiments, the humanized MHC class I a chain polypeptide is fully human. In some
cmbodiments, the hurmanized MHC class I a chain polypeptide coraprises a human
extraceltular domain and a cytoplasmic domain of endogenous species origin. In some
erubodiments, the humanized class I 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 noon-human animal coroprises in is gevome a
humanized MHC class II o chain locus comprising a nucleic acid sequence encoding the
humanized MHC class 1T o chaiu polypeptide. In some embodiments, the humanized MHC
class 1 « chain locus is located at an endogenous MHC class I & chain locus. In some

cmbodiments, onc or more {e.g., all} of the endogenous MHC class H « chain loct of the
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non-human animal are replaced with humanized MHC class I o chain loct, In some
embodiments, the genetically modificd non-human animal does not express a MHC class 1
o chatn polypeptide of entirely endogenous species origin.

16617] In some cmbodiments, the genetically modified non-human animal
expresses one or more humanized MHC class H § chain polypeptides. In some
embodiments, the bumanized MHC class 11 § chain polypeptide is fully human. In some
erabodiments, the humanized MHC class 1T 8 chain polypeptide comprises a human
extracelhular domain and a cytoplasmic domain of endogenous species origin. In some
cmbodiments, the hurmanized class B chamn polypeptide 1s HLA-DMB, HLA-DOB, HLA-
DPB, HEA-DOB or HLA-DRB. In some embodiments, the non-human animal expresses
humanized HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB and/or HLA-DRB
polypeptides. In some embodiments, the non-human animal comprises in ifs genome a
humanized MHC class 11 § chain locus comprising a nucleic acid sequence encoding the
hursamzed MHC class I §§ chain polypeptide. In some embodiments, the humanized MHC
class i 8 chain locus s located at an endogenous MHC class i B chain locus. In some
embodiments, one or more {e.g., all} of the endogenous MHC class 1T B chain loci of the
non-buman animal are replaced with humanized MHC class i § chain loci. In some
cmbodiments, the genctically modified non-human animal does not express a MHC class I
P chain polypeptide of entively endogenous species origin.

16618 In some embodiments, the genetically modified non-human animal
expresses a humanized CD8 o chain polypeptide. In some embodiments, the hursanized
CDS a chain polypeptide is fully human. In some embodiments, the humanized CD¥ «
chain polypeptide coraprises a human extraceltular immunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the non-human
anirnal coraprises in its genorac a humanized CDR ¢ chain locus comprising a nucleic acid
sequence encoding the humanized CDR g chain polypeptide. In some embodiments, the
humanized CDS « chain locus 18 located at an endogenous CDE o chain locus. In some
embodiments, the endogenous CDE g chain locus of the non-hursan animal is replaced with
the humanized CD8 ¢ chain locus. In some embodiments, the genetically modified non-
human animal does not express a CDR a chain polypeptide of entirely endogenous species

origin.
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18619} In some embodiments, the genetically roodified non-human animal
expresses a humanized CDS B chain polypeptide. In some embodiments, the humanized
CD8 B chain polypeptide 1s fully bursan. In some embodiments, the humanized CDB §
chain polypeptide comprises a human extraceilnlar immunoglobulin domain and a
cytoplasmic domain of endogenous specics origin. In some ernbodirents, the non-huroan
animal comprises in its genome a bumanized CDE § chain locus comprising a nucleic acid
scquence encoding the humanized CD8 B chain polypeptide. In some embodiments, the
humanized CDB § chain locus is located at an endogenous CDR P chain locus. In some
embodiments, the endogenous CDE 8 chain locus of the non-human animal 1s replaced with
the humanized CDE8 B chain locus. In some embodiments, the genetically modified non-
human animal does not express a CD8 § chain polypeptide of entirely endogenous specics
origin.

16628 In some ecmbodiments, the genetically modified non-human animal
expresses a bursanized CD4 polypeptide. In soroe erobodirents, the humanized CD4
polypeptide is fully human. In some embodiments, the humanized CD4 polypeptide
comprises at least one human extracellular immmunoglobulin 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
immuanoglobulin domain, and a human D3 timmunoglobulin domain, and a cytoplasmic
domain of endogenous specics origin. In some embodiments, the humanized CD4
polypeptide comprises a human D1 imrounoglobalin domain, a human D2 immunoglobulin
domain, 2 human D3 immunoglobulin domain, a D4 immunogliobulin domain of
endogenous species origin, and a cytoplasmic domain of endogenous specics origin, In
some embediments, the non-human animal comprises in its genome a humanized D4
locus comprising a nucleie acid sequence encoding the humanized CD4 polypeptide. In
sore embodiments, the humanized CP4 locus is located at an endogenous T4 focus. In
some embodiments, the endogenous CD4 locus of the non-human amimal 18 replaced with
the humanized CD4 locus. Tn some erobodivaents, the genetically modified non-bhuman
animal does not express a CD4 polypeptide of entirely endogenous specics origin.

16621 In certain aspects, provided hereiu 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 1 MHC complex and/or a peptide/class  MHC complex). In some

-G



WO 2016/044745 PCT/US2015/050975

embodiments, 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 s
presented on a MHC 1o the non-human animal. Tn some erabodiments, the method includes
the step of obtaining a T cell expressing a CAR specific for the peptide peptide/ MHC
complex from the genctically modified non-human animal. In some embodiments, provided
berein is a T cell made according to and/or obtainable from a method described herein.
10022} In certain aspects, provided herein 18 a method of making T cell hybridoma
expressing a CAR. In some embodiments, the CAR has antigen specificity fora
peptide/MHC complex {e.g., a peptide/class I MHC complex and/or a peptide/class It MHC
complex). In some embodiments, the method inchides 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 n the nop-huran animal. In sowe exoboditaents, the
method inchides the step of obtaining a T cell expressing a CAR specific for the
peptide/MHC complex from the genctically modified von-human animal. Insome
embodiments, the method inchudes the step of making a T cell hybridoma from the T cell.
In some cmbodiments, provided hereinis 8 T cell hybridorna made according to and/or
obtainable from a method provided herein.

[6623] In certain aspects, provided herein 18 a method for making 4 nucleic acid
encoding an Ig variable domain (e.g., an Ig heavy chain variable domain, an Ig ¢ variable
domain and/or an Ig A variable domain}. In some embodiments the Ig variable domain has
binding specificity for a peptide/MHC complex {e.g., a peptide/class I MHC complex
and/or a peptide/class I MHC complex), either alone or when paired with another Ig
vartable domain. In some cmbodiments, the macthod includes the step of exposing 4 non-
buman animal described herein to an antigen comprising a peptide such that the peptide is
presented on a MHC 1n the non-human animal. In sorne crobodiraents, the method meludes
the step of obtaining a T cell expressing a CAR specific for the peptide/ MHC complex from
the genctically modificd non-hurnan aniroal. In some cmbodiments, the method includes
isolating a nucleic acid eocoding 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 sore erabodivaents, provided herein 1s a nucleic acid encoding an Ig

variable domain made according to and/or obtainable from a method provided herein.
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18024} In certain aspects, provided herein s a method for roalang an antibody or an
antibody fragment. In some embodiments, 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 I MHC complex). In some embodiments, the method inchudes the step of
cxposing a non-huran anirnal deseribed 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 inchudes obtaining a T cell expressing a CAR specifie for the peptide/MHC
complex from the genetically modified non-human animal. In some embodiments, the
method includes the step of isolating nucleic acids encoding the heavy chain Ig variable
domatn and/or the Hight chain ig variable domain of the CAR from the T cell. In some
embodiments, the method inchudes the step of transfecting a host cell with one or more
vectors cocoding the heavy chain Ig variable dovoain and the light chain Ig variable domaiu
such that the host cell expresses an antibody or an antibody fragment comprising the heavy
chain variable domain and the light chain vanable domain. In some embodiments, the
method includes the step of operably linking a nucleic acid sequence encoding the heavy
chain 1g variable domain with a nucleie acid sequence 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 embodiments, the method includes the step of operably hnking a nucleic acid
sequence encoding the light chain Ig variable domain with a nucleic acid sequence
encoding a hight 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 inclades the step of operably
linking a nucleic acid sequence encoding the heavy chain Ig variable domain with a nucleic
acid scquence encoding & heavy chain Ig constant domain in a host cell and operably
Hnking a nucleic acid sequence encoding the light chain Ig variable domain with a nucleic
acid sequence encoding a light chain Ig constant domain in the host ccll such that the host
cell expresses av antibody haviog a heavy chain comprising the heavy chain Ig variable
domain and the heavy chain Ig constant domain and a light chain comprising the light chain
Ig variable dorsann and the hight chain Ig coustant domain. In some embodiments, the
method inchides 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 antibody fragment made according to and/or obtainabic
from a method provided herem.

[6625] In certain embodiments, provided herein are methods of treating cancer in a
subject coraprising administering to the subject an antibody or antibody fragment deseribed
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
Himited to, cancer cells from the bladder, blood, bone, bone marrow, brain, breast, colon,
esophagus, gastrointesting, gum, head, kidney, Hver, lung, nasopharynx, neck, ovary,
prostate, skin, storuach, 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;
carcinoma; carcinoma, undifferentiated; giant and spindle cell carcinoma; small cell
carcinoma; papillary carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma;
basal cell carcinoma; ptlomatrix carcinoma; transitional ccl carcinoma; papillary
transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant; cholangiocarcinoma;
hepatoceltular carcimoma; combined hepatocellular carcinoma and cholangiocarcinoma;
trabecular adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma in adenomatous
polyp; adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor,
malignant; branchiolo-alveoiar adenocarcinoma; papillary adenocarcinoma; chromophobe
carcinoma; acidophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell
adenocarcinoma; granular cell carcinoma; follicular adenocarcinoma; papitlary and
follicular adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal cortical
carcinoma; cndometroid carcinoma; skin appendage carcinorna; apocrine adenocarcinoma;
s¢haceous adenocarcinoma, ceruminous adenocarcinoma; mucoepidermotd carcinoma,;
cystadenocarcinoma; papillary cystadenocarcinoma; papillary serous cystadenocarcinoma;
mucinous cystadenocarcinoma; rucinous adenocarcinoma, signet ring cell carcinoma;
infiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory
carcinoma; paget's disease, mararonary; acinar cell carcivorna; 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; sertol cell carcinoma; leydig cell tumor, malignant; lipid cell turvor, malignant;
paraganglioma, malignant; extra-mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amclanotic melanoma; superficial spreading
melanoma; malig melanona in giant pigmented nevus; epithelioid cell melanoma; blue
nevus, malignant; sarcoma; fibrosarcoma; fibrous histiocytoma, raalignant; myxosarcoma;
liposarcoma; leiomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma;
alveolar rhabdomyosarcoma; stroraal sarcoma; roixed tumor, malignant; mullerian mixed
tumor; nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant;
brenner tumeor, malignant; phytodes tumor, malignant; synovial sarcorna; rmesothelioma,
malignant; dysgerminoma; embryonal carcinoma; teratoma, malignant; struma ovarii,
malignant; choripcarcinoma; mesonephroma, malignant; hemangiosarcoma;
hemangiocudothelioma, malignant; kaposi's sarcorsa; hemangiopericytoma, malignant,
fymphangiosarcoma; ostcosarcona; juxtacortical ostcosarcoma; chondrosarcoma;
choundroblastoma, malignant; mesenchymal chondrosarcoma; giant cell tumor of bone;
ewing's sarcoma; odontogenic tumor, malignant; ameloblastic odontosarcoma;
amcloblastoma, malignant; ameloblastic fibrosarcoma; pincaloma, malignant; chordoma;
glioma, malignant; ependymoma; astrocytoma; protoplasmic astrocytoma; fibrillary
astrocytora; astroblastoma; ghioblastoma; oligodendroglioma; oligodendroblastoma;
primaitive neuroectoderroal; cerebellar sarcoma; ganghoveuroblastoma; neuroblastoma;
retinoblastoma; olfactory neurogenic tumor; meningioma, malignant; neurofibrosarcoma;
neurilemmoma, malignant; granular cell tumor, malignant: roalignant lymphoma; Hodgkin's
disease; Hodgkin's lymphoma; paragramuloma; malignant lymphoma, small lymphocytic;
malignant lymphoma, large ccll, diffuse; malignant lymphoma, follicular; mycosis
fungoides; other specified non-Hodgkin's bymphomas; malignant histiocytosis; multiple
myeloma; raast cell sarcoma; immunoproliferative small intestinal discase; leukerma;
fymphoid leukemia; plasma cell leukemia; erythroleukemia; lymphosarcoma cell leukemia;
mycloid lcukemia; basophilic leukernia; cosinophilic leukernua; roonocytic leukenia; mast
cell leukerota; megakaryoblastic leukerna; myeloid sarcoma; and hairy cell leukemia.
{8026} In certain embodiments, provided hercin are methods of treating a subject
suffering from an infection, inclading 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, including 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), cytomncgalovirus (CMV), HSV-1 and HSV-2, and influcnza virus. In some
embodiments, the pathogen treated are parasites, such as malaria. In some embodiments,
provided heretn are treatments of bacterial, fungal and other pathogenic diseases, such as
Aspergillus, Brugia, Candida, Chlamydia, Coccidia, Crvptococcus, Divofilaria,
Gonococcus, Histoplasma, Leishmania, Mycobacterium, Mycoplasma, Paramecium,
Pertussis, Plasmodium, Preumococcus, Pneumocystis, Rickettsia, Salmonella, Shigelia,
Staphviococcus, Streprococcus, Toxoplasma and Vibriocholerae. Exernplary species
include Neisseria gonorrhea, Mycobacterium twuberculosiz, Candida albicans, Candida
tropicalis, Trichomonas vaginalis, Haemophilus vaginalis, Group B Streptococcus sp.,
Microplasma hominis, Hemophilus ducrevi, Granuloma inguinale, Lymphopathia
venereum, Treponema pallidum, Brucella abortus. Brucella melitensis, Brucella suis,
Brucella canis, Campviobacter fetus, Campylobacter fetus intestinalis, Leptospira pomona,
Listeria monocviogenes, Brucella ovis, Chlamydia psittaci, Trichomonas foeius,
Toxoplasma gondii, Escherichia coli, Actinobacillus equuli, Salmonella abortus ovis,
Salmonella abortus equi, Preudomonas aervginosa, Corynebacterivm equi,
Corynebacterium pvogenes, Actinobaccilus seminis, Myvcoplasma bovigenitaltium,
Aspergillus fumigatus, Absidia ramosa, Trypanosoma equiperdum, Babesia caballi,
Clostridium tetani, Clostridium botulinum; or, a fungus, such as, e.g., Paracoccidioides
brasifiensis; or other pathogen, e.g., Plasmodium falciparum.

186271 In some aspects, provided herein is 2 method for making a celi {e.g., 2
human cell, such as a human T cclly expressing a CAR. In some cmbodiments, the antibody
or antibody fragment has binding specificity to a peptide/MHC complex {e.g., a
peptide/class I MHC coraplex and/or a peptide/class I MHC complex). 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 a MHC in
the non-human animal. In sore erobodirents, the method includes obtaining a T cell
expressing a CAR specific for the peptide presented on the MHC from the genetically

modificd non-human animal. In some embodiments, the method includes the step of
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solating nucleic acids encoding the heavy chain Ig variable domain and/or the light chain
Ig variable 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 vanable
domain with a nucleic acid sequence enceding a TCR constant domain {e.g., a TCRP
constant domain or 8 TCRo constant domain) in a ccll (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 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 light chain
variable domain and the TCR constant domain. In some embodiments, the method includes
the step of operably linking a nucieic acid sequence encoding the heavy chain Ig variable
doraain with a first TCR. constant domain {(e.g., a TCRP constant domain or a TCRy
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 nucleic acid
sequence encoding a second TCR constant domain (e.g., a TCRJ constant domain if the
first TCR constant domain 18 a TCRa constant domain or 8 TCRa constant domain if the
first TCR constant domain is a TCRP coustant domain) n the cell such that the cell
expresses an CAR having a first CAR chain polypeptide 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 is 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.

[6028] In some cmbodiments, any method of exposing the genetically modified
non-human ammal deseribed 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
erabodimeunts, the genetically modified nouv-hursan animal s 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 embodiments,
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the genetically moodified non-human aniroal 1s exposed to the antigen by administering to
the animal a nucleic acid encoding the peptide such that the peptide is expressed in the non-
human ammal. 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 is admimstered a single chain peptide/MHC coraplex {e.g., a single chain
ecto-MHC/B-2-microglobulin/peptide protein complex). In some embodiments, the
peptide/MHC complex is administered as a multimer {e.g., 4 tetramer). In sorne
embodiments, the peptide/MHC complex is present on the surface of a cell {e.g., an antigen
presenting cell, such as a macrophage or dendritic cell). In some embodiments, a B7.1, B7.2
or [COS-L 18 preseut on the surface of the cell. In some embodiments, the cell expressesa T
cell stinmulatory cytokine {e.g. 1L-1, 1L-2, IL-4, 1L.-6, [L-12, 1L-13, IFN~y, TNF-g, TGF-8,
IFN-g and/or IFN-B).

186291 In some embodiments of the methods described herein, any method can be
used to 1solate the nucleic acid comprising encoding 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 avaplification process {e.g.,
PCR). In some embodiments, the nucleic acid is isolated by sequencing the rearranged fg
variable region gene o a8 CAR locus of the T cell or the T cell hybridoma and synthesizing
a nucleic acid sequence comprising the rearranged g variable region gene.

[8638] In certain aspects, provided herein 1s a coll expressing 2 CAR obtained from
or obtainable from a genetically modified non-buman animal described herein. In some
erubodiments, the cell is a T cell. In some embodiments, the cell is 8 T cell hybridoma. In
some embodiments, the CAR has binding specificity for a peptide/MHC complex.

8631} In certain aspects, provided herein 18 a nucleie acid comprising a rearranged
lg variable region geve (e.g.. a beavy chain lg variable region gene or a light chain heavy
chain variable region gene) obtained from or obtainable from a genetically modified non-
human ammal or cell described herein. In some embodiments, the nucleic acid further
comprises a TCR constant region gene {e.g., a TCReo constant region gene or a TCRP

constant region gene). In some embodiments, the nucleie 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.

16032} In certain aspects, provided herein is a CAR or a CAR polypeptide obtained
from or obtainable from a genetically modificd non-human animal or cell described herein.
In some embodiments, the CAR or CAR polypeptide has binding specificity for a
peptide/MHC complex.

[6333] In certam aspects, provided herein is a non-human embryonic stem (ES) cell
{e.g., arodent ES cell, such as a mouse ES cell or a rat ES cell} that comprises in its
genome a CAR locus. In some embodiments, the CAR locus comprises an unrearranged
variable region locus comprising unrearranged human Ig variable region gene segments
{e.g., unrearranged V, D and J heavy chain gene segments, unrearranged V x and J « light
chain gene segracuts or unrcarranged V & and I A light chain gene segments) and a TCR
constant region gene {(e.g., a TCRo constant region gene or a TCRP constant region gene).
In some embodiments, the anrearranged Ig variable region gene segments are operably
linked to the TCR constant region gene. In some embodiments, the unrearranged Ig variable
region gene segments arc human Ig variable region gene segments. 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 sequences, K Intergenic sequences or A intergenic sequences). In
some embodiments the Ig variable region intergenic sequences are human sequences,
mouse sequences or rat sequences. In sowe embodiments, the unrearranged variable region
focus comprises TCR variable region intergenic sequences {e.g., TCRP intergenic
sequences or TCRo intergenic sequence). In some embodiments the TCR variable region
mtergenic sequences are human Sequences, INOUSE SEqUEnces of rat sequences.

16334} In some aspects, provided herein 18 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
focus and & sccond CAR locus. In some embodiments, the first CAR locus comprises an
unrearranged variable region locus comprising unrearvanged huwan Ig Vi, D and Ji gene
scgments and a constant region locus comprising a TCRP constant region gene of
endogenous species origin, wherein the human unrearranged Ig Vi, By and Ji gene
segments are operably linked to the TCRJ constant region gene. In some embodiments, the

first CAR locus comprises a rearranged variable region locus comprising a Ig heavy chain
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variable region gene (a universal heavy chain vanable region) and a constant region locus
comprising a TCRP constant region gene of endogenous species origin. In some
erabodiments, the second CAR locus comprises a an unrearranged vartable region locus
comprising unrearranged human Ig V. and J, and a constant region locus comprising a
TCRo constant region gene of endogenous species origin, wherein the hurman unrearranged
g Vi and J gene segments are operably linked to the TCRa constant region gene. In some
erabodiments, the second CAR locus comprises an unrearranged variable region locus
comprising unrearranged human Ig Vs, and J, and a constant region locus comprising a
TCRao constant region gene of endogenous species origin, wherein the human unrearranged
g V, and J; gene segraents are operably linked to the TCRa constant region gene. In some
embodiments, the second CAR locus comprises a rearranged variable region locus
comprising a Ig hght chain « or A variable region gene {(a universal light chain vanable
region) and a constant region locus comprising a TCRa constant region gene of endogenous
species origin. In some embodiments, one or both of the unrcarranged variable region loci
comprises Ig variable region intergenic sequences {e.g., heavy chain intergenic sequences, K
HECTEenic sequences or A mntergenic sequences ). In some embodiments the Ig variable
region intergenic sequences are human sequences, mouse sequences or rat sequences. {n
some embodiments, one or both of the unrearranged variable region loct corprise TCR
variable region intergenic sequences {e.g., TCRP mitergenic sequences or TCRo intergenic
sequence ). In some embodiments the TCR variable region intergenic sequences are human
SEQUENCES, THOUSE SCQUETICESs OF Tat Sequences.

[6035] In some cmbodiments of the non-human animal ES cells described herein,
the CAR locus is located at an endogenous TCR locus {e.g., an endogenous TCR« locus or
an endogenous TCRP locus). In some embodiments, the TCR constant region gene of the
CAR locus 15 an endogenous TCR constant region gene. In some ernbodiraents, ali of or g
portion of the variable region of an endogenous TCRa locus and/or TCRP focus 1s 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. Iu
some emboediments, the TCR variable region gene segments are replaced with Ig variable
region gene segments. For example, in some ermnbodiments, 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 T gene segments of the endogenous TCRa locus are
replaced with Ig light chain (e.g., x or A} V and J gene segments.

16836} In some embodiments, the non-human ES cell does not comprise a
functional TCR locus. In some embodiments, the non-human ES cell does not comprise a
functional TCRo chain locus and/or & 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 embediments, the non-human ES cell does not comprise a functional TCRS locus.
188371 In some embodiments of the non-human animal ES cells described 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 TCRJ variable
region locus). In some embodiments, the TRY genes are of endogenous specigs origin. In
some embodiments, the TRY genes are mouse TRY genes. In some embodiments, the
mouse TRY genes are selected from the group consisting of Tryl, Try2, Try3, Try4, Try3,
Try6, Try7, Tey®, Try9, Try10, Tey 1L, Tryl2, Tryl3, Teyld, Tryl 3, Toyl6, 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 muore
TRY genes are located downstream of the V segments {e.g., downstream of the V segments
and upstrearn of the D and/or J segments} of the unrearranged vartable region. In some
erbodiments, Try1-7 are located upstrear 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
segmeuts and upstream of the D and/or § segments) of the unrearranged variable region.
8038 In some embodiments, the non-human ES cell comprises in its genome a
locus encoding a humanized MHC class T o chain polypeptides. In some embaodiments, the
humanized MHC class | ¢ chain polypeptide is fully human. In some embodiments, the
hurnanized MHC class 1 ¢ chain polypeptide coraprises a human extracchular domain
{buman o1, a2, and o3 domains) and a cytoplasmic domain of endogenous species origin.
In some embodiments, the humanized class | 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 ES
cell comprises loci encoding humanized HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-
g, HELA-K and/or HLA-L polypeptides. In some embodiments, the humanized MHC class {

ot chatn locus 1s located at an endogenous MHC class 1 o chain locus. v sorie
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embodiments, one or more {e.g., all} of the endogenous MHC class T a chain loci of the
non-human ES cell are replaced, in whole or in part, with humanized MHC class [ @ chain
loct. In some embodiments, the non-human ES cell does not comprise a functional
endogencous MHC class [ o chain locus {e.g., a locus encoding a MHC class [ o chain of
entirely endogenous specics origing.

15639} In some embodiments, the non-human ES cell comprises in its genome a
locus encoding a humanized p-2-microglobulin polypeptide. In some embodiments, the
humanized B-Z-microglobulin polypeptide is fully human. In some emboediments, the
hurnanized B-2-mucroglobulin locus is located at the endogenous B-2-microglobulin locus.
In some embodiments, the endogenous -2-microglobulin locus is replaced, in whole or in
part, with the humanized B-2-microglobulin locus. In some embodiments, the non-human
ES cell does vot comprise n its gevoroe a functional endogenous B-2-microglobulin locus
{e.g., a locus encoding a B-2-microglobulin polypeptide of entirely endogenous species
OTiging.

188461 In some embodiments, the non-human ES cell comprises in its genome a
locus encoding a humanized MHC class I « chain polypeptide. In some ermbodiraents, the
humanized MHC class Il a chain polypeptide is fully human. In some embodiments, the
hurnanized MHC class I a chain polypeptide comprises a human extracellular domain and
a cytoplasmaic domain of cudogenous species origin. In some embodiments, the hursanized
class I o chain polypeptide is HLA-DMA, HLA-DOA, HLA-DPA, HLA-DQA or HLA-
DRA. In soroe erobodivoents, the non-human ES cell comprises loct encoding humanized
HLA-DMA, HLA-DOA, HLA-DPA, HLA-DQA and/or HLA-DRA pelypeptide. In some
embodiments, the humanized MHC class 1T o chain locus 18 located at an endogenous MHC
class I o chain locus. In some embodiments, one or more {e.g., all} of the endogenous
MHC class 1 o chain loct of the non-human ES cell are replaced, in whele or in part, with
humanized MHC class Il a chain loci. In some embodiments, the genetically medified non-
hurnan ES cell does not comprise in its genorne a functional endogenous MHC class I a
chain locus {(e.g., a locus encoding a MHC class I o chain of entirely endogenous species
origing.

160641 In some embodiments, the non-human ES cell comprises n its genomwe a
focus encoding a humanized MHC class I § chain polypeptide. In some embodiments, the

hurnanized MHC class 1T § chain polypeptide is fully human. In some cmbodiments, the
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hursamzed MHC class I § chain polypeptide comprises a human extracellolar domain and
a cytoplasmic domain of endogenous species origin. In some embodiments, the humanized
class I B chain polypeptide s HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB or HLA-
DRB. In some embodiments, the non-human ES ccli 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 1 § chain locus 15 located
at an endogenous MHC class I B chain locus. In some ernbodirnents, one or more (e.g., all)
of the endogenous MHC class [1 B chain loci of the non-human ES cell are replaced, in
whole or in part, with humanized MHC class I B chain loct. In some embodiments, the
non-human ES cell does not comprise in its genome a functional endogenous MHC class H
B chain locus {e.g., a locus encoding a MHC class I §§ chain of entirely endogenous specics
origin).

[6042) In some embodiments, the non-human ES cell comprises in its genome a
focus encoding a humanized CDR o chain polypeptide. In some embodiments, the
bumantzed CDE g chain polypeptide is fully human. In some embodiments, the humaunized
CDR g chain polypeptide comprises a human exiracelhular imraunoglobulin domain and a
cytoplasmic domain of endogenous species origin. In some embodiments, the humanized
CDS « chain locus 1s located at an endogenous CDE o chain locus. In some embodiments,
the endogenous CDR o chain locus of the nov-buman ES cell s replaced, in whole or ip
part, with the humanized CD¥ ¢ chain locus. In some embodiments, the non-human ES cell
does not coraprise in its genome a functional endogenous CDE g chain locus {e.g., a locus
encoding a CD8 g chain of entirely endogenous species origin).

16643] In some cmbodiments, the non-human ES cell comprises in ifs genome a
focus enceding a humanized CDR § chain polypeptide. In some embodiments, the
humanized CDE8 B chain polypeptide 1s fully hurman. In some embodiments, the humanized
CIR B chain polypeptide comprises a human extracellular immunoglobulin domam and a
cytoplasmic domain of endogenous specics origin. In some embodiments, the humanized
D8 B chain locus 1s located at an endogenous CD8 B chain locus. o some ermabodiraents,
the endogenous CDS B chain locus of the non-hmman ES cell s replaced, in whole or in
part, with the humanized CD8 B chain locus. In sorae emnbodiments, the non-human ES cell
does not comprise in s genome a functional endogenous CDS 8 chain locus {e.g, a locus

encoding a CDS P chain of entirely endogenous species origing.
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18044} In some cmbodiments, the non-human ES cell comprises in is genome a
focus encoding a humanized CDM polypeptide. In some embodiments, the humanized CD4
polypeptide is fully huroan. o some erobodiments, the hamanized CD4 polypeptide
comprises at least a human D1 immunoglobulin domain, a human D2 immunoglobulin
domain, and 4 human D3 imrounoglobulin domain, and a cytoplasmic domain of
endogenous species origin. In some embodiments, the humanized CD4 polypeptide
comprises a human D1 fmomunoglobulin domain, a bursan D2 immunoeglobulin domain, 2
human D3 immunoglobulin domain, a D4 immunoglobulin domain of endogenous species
origin, and a cytoplasmic dormain of endogenous species origin. In some embodiments, the
bumantzed CD4 locus is located at an endogenous T4 locus. In some embodiments, 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 o
its genome a functional endogenous CD4 chain locus (e.g., a locus encoding a CD4 chain of
entirely endogenous specics origing.

[3045] In certain aspects, provided herein s a genetically modified non-human
animal gencrated using or obtainable from an ES cell described herein. In 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-hursan ES cell
described herein.

[6046] 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 coraprises 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 cmbodiments, the method comprises using the
VELOCIMOUSE® method, as described in U.S. Pat. No. 7,294,754, which is hereby
meorporated by reference. In certain embodiments, provided herein 18 a genetically
wmodified non-human animal generated using or obtainable from the wethods provided
herein.

160647} 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 cornprising 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), wheretn the human
unrearranged Ig variable region gene segments are gperably linked to the TCR constant
region gene. In some ernbodiments, the unrearranged Ig variable region gene segments are
human g heavy chain (IgH) variable region gene segments. In some embodiments, the
unrearranged Ig variable region gene segments are hurnan Ig light chain {(Igl) variable
region gene segments {e.g., Ig « gene segments or Ig A gene segments). In some
erubodiments, the TCR constant region gene 15 & TCRo constant region gene. In some
embodiments, the CAR locus is located at an endogenous TCRo locus. In some
cmbodiments, the unrearranged human Ig variable region gene segments replace
endogenous TCRa variable region gene segments. In some embodiments, the TCRa
constant region gene is an endogenous TCRa constant region gene. In some embodiments,
the TCR constant region gene is a TCRP constant region gene. In some embodiments, the
CAR locus is located at an endogenous TCRP locus. In some embodiments, the
unrearranged human Ig variable region gene segments replace endogenous TCRJ variable
region gene segments. In some embediments, the TCRP constant region gene is an
endogenous TCRP constant region gene. In some embodiments, the unrearranged 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 embodiments the Ig variable region intergenic sequences are human sequences,
mouse sequences or rat sequences. In sowe embodiments, the unrearranged variable region
focus comprises TCR variable region intergenic sequences {e.g., TCRP intergenic
sequences or TCRo intergenic sequence). In some embodiments the TCR variable region
mtergenic sequences are human Sequences, INOUSE SEqUEnces of rat sequences.

(6048 In certain aspects, provided herein 1s a CAR locus comprising an
unrearranged variable region locus comprising unrearranged human Ig Vi, Dy and Jiy gene
segments and 4 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 g Vy, Dy and Ji gene segments are operably linked to the TCRB
constant region gene. In certain embaodiments, the CAR locus is located at an endogenous
TCRB locus. In certain embodiments, the unrearranged human Ig Vy, Dy and Ji gene

segments replace endogenous TCRP variable region gene segments. In sorme crabodiraents,
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the TCRP coustant region geoe is an endogenous TCRP constant region gene. In some
embodiments, the unrearranged variable region locus further comprises one or more
trypsinogen genes. In some ernbodiments, the unrearranged vanable region locus comprises
Ig variable region intergenic sequences {e.g., heavy chain intergenic sequences, ¥ intergenic
sequences or A intergenic sequences). In some embodiments the Ig variable region
mtergenic sequences are human sequences, IOuse sequences or rat sequences. fn some
erubodiments, the unrearranged variable region locus comprises TCR variable region
intergenic sequences {e.g., TCRP intergenic sequences or TCRy intergenic sequence). In
some embodiments the TCR variable region intergenic scquences are huraan sequences,
MIOUSE SEGUENCEs of rat sequences.

(8049 In certain aspects, provided herein 1s a CAR locus comprising an
unrearranged varnable region locus comprising uorcarranged human Ig Ve and k gene
segments and a constant region locus comprising a rodent TCRa constant region gene,
wherein the bursan unrearranged Ig Vi and I gene segmicuts are operably hoked to the
TCRo constant region gene. In some embodiments, the CAR locus is located at an
endogenous TCRa locus. In some embodiments, the unrcarranged human Ig Vi and J, gene
segments replace endogenous TCRo variable region gene segments. In some embodiments,
the TCRa constant region gence s an endogenous TCRa constant region gene. In sore
embodiments, the CAR locus does not comprise a functional TCRS locus; in some
embodiments, a TCRS locus is deleted.

[ B056] In certain aspects, provided herein is a rodent {e.g,, a rat or a mouse}
comprising in its germline a CAR locus described herein. In some aspects, provided herein
is a rodent cell {e.g., arat cell or a roouse cell) comprising in is germoline a CAR locus
described herein. In some embodiments, the cell is an ES cell. In some embodiments,
provided herein s a nucleic acid {e.g., a vector) encoding a CAR locus described herein. In
some embediments, the unrearranged variable region locus comprises g vartable region
fitergenic sequences {e.g., heavy chain intergenic sequences, ¥ intcrgenic sequences or A
intergenic sequences). In some embodiments the Ig variable region intergenic sequences are
hurman sequences, 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 TCRo intergenic sequence ). In some embodiments the
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TCR variable region intergenic sequences are human sequences, mouse sequences or rat
16051 In certain aspects, provided hereiu is a method of making a non-huwan
animal {e.g., a mouse or a rat} that expresses a CAR described herein. In certain
cmbodiments, the method coraprises genetically 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 mouse ES cell ora rat ES
cell) such that it comprises a CAR locus deseribed herein. In some embodiments, the
method comprises introducing into a non-human ES coll a CAR locus comprising
unrearranged Ig light chain gene segments (light chain V and J segments) operably linked
to a TCRa constant region, and introducing nto a non-huraan ES cell 2 CAR locus
comprising unrearranged Ig heavy chain gene segments (heavy chain V, D, and J segments)
operably Hinked to a TCRJ coustant region. In some embodiments, the wethod comprises
modifying a TCRg 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 TCR« constant
region, and medifying a TCRB locus of a non-human animal ES cell to comprise
unrearranged Ig heavy chain gene segments (heavy chain V, D, and J segments) operably
finked to a TCR counstant region.

[8652] In certain aspects, provided herein 18 a chimeric antigen receptor {CAR}
comprising a fitst CAR polypeptide comprising an Ig heavy chain variable domaio and a
TCRP constant domain and a second CAR polypeptide comprising an g light chain
variable domain {e.g., an Ig « variable domain or an Ig A variable domain) and a TCRa«
constant domain, wherein the CAR has binding specificity for a peptide/MHC complex
{see, e.g., Figure 1}, In some embodiments, the peptide/MHC complex 18 a peptide/class 1
MHC complex. In some embodiments, the peptide/MHC complex is a peptide/class 11
MHC complex. In some embodimaents, the Ig heavy chain variable domain and/or the Ig
fight chain variable domain are human Ig variable domains. In some embediments, the
TCRP constant domain and/or the TCR o constant domain are rodent constant domains {e.g.,
rat or mouse constant domains). In some embodiments, the TCRP constaut domain and/or
the TCRo constant domain are human constant domains.

16G53] In certain aspects, provided herein is a chitueric antigen receptor (CAR)
comprising a first CAR polypeptide comprising an fg heavy chain variable domain and a
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TCRo coustant domain and a second CAR polypeptide comprising an Ig light chain
variable donwin {e.g., an fg « variable domain or an Ig A variable domain) and a TCRP
constant doroain, wherein the CAR has binding specificity for a peptide/MHC complex
{see, e.g., Figure 2). In some embodiments, the peptide/MHC complex 1s a peptide/class |
MHC complex. In some cmbodiments, the peptide/MHC complex is a peptide/class [
MHC complex. In some embodiments, the Ig heavy chain variable domain and/or the Ig
Hght chain variable domain are hurnan Ig variable domains. In some embodiments, the
TCRB constant domain and/or the TCR g constant domain are rodent constant domains (e.g.,
rat or mouse constant domains}. In some cmbodiments, the TCRP constant domain and/or
the TCRa constant domain are human constant domains.

8054 In certain aspects, provided herein 1s a cell or non-human animal expressing
a CAR described herein. In some embodiments, the cell is a T cell. In some embodiments,
the cell or antmal is 2 human or rodent {e.g., rat or mouse). In certain embodiments,
provided herein s a non-human animal {e.g., a rodent, such as a rat or a mouse) comprising
a cell described herein.

18055] In some aspects, provided herein 1s 8 method of inducing an immune
response to a peptide/MHC complex in a subject. In some embodiments, the method
mcludes administering to the subject a cell {e.g., a human T cell, such asa CD4 T eellora
CDE T cell) expressing 8 CAR comprising a {irst CAR polypeptide comprising a human Ig
heavy chain variable domain and a human TCRJ constant domain and a second CAR
polypeptide comprising a human Ig light chain vanable domain {e.g., an Ig ¢ vanable
domain or an Ig A variable domain) and a human TCRa constant domain, wherein the CAR
has binding specificity for the peptide/MHC cormplex. In some embodirents, the
peptide/MHC complex is a peptide/class 1 MHC complex. In some embodiments, the
peptide/MHC complex 1s a peptide/class I MHC complex.

[6G56] 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
embodiments, the method includes administeriog to the subject a cell {e.g., a hursan T cell,
such as a CD4 T cell or a CDS T cell) expressing a CAR comprising a first CAR
polypeptide comprising a human Ig heavy chain variable domain and a human TCRo
constant domain and a sccond CAR polypeptide comprising a human g light chain variabic

domain {e.g., an Ig « variable domain or an Ig A variable domain} and a human TCR
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counstant domain, wherein the CAR has binding specificity for the peptide/MHC complex.
In some cmbodiments, the peptide/MHC complex is a peptide/class I MHC complex. In
soroe ewbodiments, the pepthide/MHC coraplex 1s a peptide/class I MHC complex.
[6G57] In certain aspects, provided herein is a method of inducing an imnmune
response to a peptide/MHC complex in a subject {e.g., a human subject). In some
embodiments, the method inchudes isolating a T cell {e.g., a CD4 T cell or a CDE 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 a human Ig heavy chain
vartable domain and a hurnan TCRP constant domain and a second CAR pelypeptide
comprising a buman Ig light chain variable domain {e.g,, an Ig x variable domain or an Ig A
variable domain) and a human TCRa constant domain, wherein the CAR has binding
specificity for the peptide/MHC coraplex. Tn soroe emnbodiments, the method includes
administering the T cell to the subject. In some embodiments, the method comprises
transfecting the T cell with a first vector coraprising a vucleic acid sequence encoding the
first CAR polypeptide and a second vector comprising a nucleic acid sequence encoding the
sccond CAR polypeptide. In some embodiments, the method comprises transfecting the T
cell with a vector comprising a nucleic sequence encoding the first CAR polypeptide and a
nucleic acid sequence encoding the second CAR polypeptide. In sorne erabodiments, the
method comprises the step of inhibiting expression by the T cell of endogenous TCRa
and/or TCRB.

16858} In certain aspects, provided heretn 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 imcludes isolating a T cell {e.g, a CD4 T cell or a CBE 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 a hurnan Ig heavy chain
variable domain and a human TCRo constant domain and a second CAR polypeptide
comprising a huran Ig light chain variablic domain {e.g,, an Ig « variable domain oran Ig A
variable domain) and a huran TCRP constant dovoain, 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

first CAR polypeptide and a second vector corprising a nucleie acid sequence encoding the
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second CAR polypeptide. In some ernbodiments, the method comprises franstecting the T
cell with a vector comprising a nucleic sequence encoding the first CAR polypeptide 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 TCRB.

3059 In certain aspects, provided herein s a nucleic acid composition comprising
a first nucleie acid sequence encoding a first CAR polypeptide comprising an Ig heavy
chain variable domain and a TCRJ constant domain and a second nucleic acid sequence
encoding a second CAR polypeptide cornprising an Ig light chain variable domain {e.g., an
Ig w variable domain or an Ig A vartable domain) and a TCRo constant domain, wherein a
CAR comprising the first CAR polypeptide and the second CAR pelypeptide has binding
specificity for a peptide/MHC corapiex. In certain embodiments, the Ig heavy chain
variable domain and/or the Ig hight chain variable domain are human Ig variable domains.
In some embodiments, the TCRP constant domain and/or the TCRa constant domaiuo are
rodent constant domains {e.g., rat constant domains or mouse constant domains). In some
embodiments, the TCRP constant dornain and/or the TCRa constant domain are human
constant domains. In some emboediments, the first nucleic acid sequence and the second
nucleic acid sequence are on a single nucleic acid molecule. In some embodiments, the first
nucleic acid sequence and the second nucleic acid sequence are on separate nucleic acid
melecules.

16068} In certain aspects, provided herein is a nucleic acid coroposition comprising
a first nucleic acid sequence encoding a first CAR polypeptide comprising an Ig heavy
chain variable dornain and a TCRa constant domain and a second nucleie acid sequence
encoding a second CAR polypeptide comprising an Ig light chain variable domain (e.g., an
Ig x variable dormain or an Ig A vartable domain) and a TCRP constant doraain, wherein a
CAR comprising the first CAR polypeptide and the second CAR polypeptide has binding
specificity for a peptide/MHC complex. In certain embodiments, the Ig heavy chain
variable domain and/or the Ig Hght chaiv variable domain are human Ig variable domains.
In some cmbodiments, the TCRP constant domain and/or the TCR o constant domain are
rodent constant domains {e.g., rat constant domaing or mouse constant dorains). In some
embodiments, the TCRP constant domain and/or the TCRa constant domain are human

constant domains. In some embodiments, the first nucleic acid sequence and the second
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nucleic acid sequence are on a single nucleic acid molecule. In some embodiments, the first
nucleic acid sequence and the second nucleic acid sequence are on separate nucleic acid
molecules.

6661 In certain aspects, provided herein 18 a method of making a cell that
expresses a CAR cornprising transfecting the cell with a nucleic acid coraposition described
herein. In some emmbodiments, the cell s a human cell. In some embodiments, thecell is a
rodent cell {e.g., a rat cell or a roouse cell). In some embodiments, the cell s a T cell In
sorae embodiments, the cell is an ex vivo T cell. In some embodiments, provided herein is a
cell made according to or obtainable from a method described herein.

8062} In certain aspects, provided herein 1s a method of treating a disease or
disorder in a subject comprising administering to the subject a T cell expressing a CAR
described herein. In sore enabodiments, the disease or disorder 18 cancer and the CAR has
binding specificity for a MHC presented cancer antigen. In some embodiments, the discase
or disorder 1s an infectious disease and the CAR has binding specificity for a pathogen
antigen {e.g., a viral, bacterial or parasitic antigen}. In some embodiments, the disease or
disorder 15 an antoimroune and/or inflammatory disorder and the CAR 15 specific for an
autoimmune self-antigen and expressed by a regulatory T cell. In some embodiments, the T

cellis a CD4" T cell. In some embodiments, the T cell is a CDR' T cell.

BRIEF DESCRIPTION OF THE DRAWINGS

16063] Figure 1 depicts a schematic representation of a an exemplary CAR
described herein interacting with a peptide/MHC complex on an antigen presenting cell.
[8064] Figure 2 depicts a schematic representation of a an exemplary CAR
described herein interacting with a peptide/MHC complex on an antigen presenting cell.
[8065] Figure 3 depicts an exemplary scheme for linking hurnan g variable regions
to a mouse TCR locus using lentiviral vectors. Figure discloses "SGSG" as SEQ D NO:
155,

[8066] Figure 4 shows cytokine secretion by CAR expressing cells in response to
antigen presentation.

16667} Figure 8 depicts an exemplary scheme (not to scale) for the creation of a
farge targeting vector {LTVEC) for inserting g « variable region gene segments to the

mouse endogenous TCRau locus. Unless specifically indicated otherwise {e.g., selection
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cassettes, ete.}, mouse sequences are depicted by filled shapes and single Hues, and human
sequences are depicted by empty shapes and double Hines. Certain restriction sites used for
cloning are indicated.

[6068] Figure 6 depicts an exemplary scheme (not to scale) for inserting Ig x
vartable region gene scgrents to the mouse endogenous TCRau locus. Unless specifically
indicated otherwise, mouse sequences are depicted by filled shapes and single lines, and
human sequences are depicted by empty shapes and double lines. TAQMAN probe
hybridization locations are indicated.

[8069] Figure 7 depicts an exemplary scheme (not to scale) for mserting additional
lgx variable region gene segments to the mouse endogenous TCRa locus. Unless
specifically indicated otherwise, mouse sequences are depicted by filled shapes and single
Hues, and buman sequences are depicted by erpty shapes and double lines. TAQMAN
probe hybridization locations are indicated.

186761 Figure 8 depicts an exemplary scherue (not to scale) for mserting additional
lgx variable region gene segments to the mouse endogenous TCRa locus. Unless
specifically indicated otherwise, mouse sequences are depicted by filled shapes and single
fines, and buman sequences are depicted by empty shapes and double lines. TAQMAN
probe hybridization locations are mdicated.

186711 Figure 9 depicts an exemplary scherue (not to scale) for mserting additional
gk variable region gene segments to the mouse endogenous TCRe locus. Unless
specifically mdicated otherwise, mouse sequences are depicted by filled shapes and single
fines, and human sequences are depicted by empty shapes and double lines. TAQMAN
probe hybridization locations are mdicated.

18672} Figure 18 depicts an exemplary scheme (not to scale) for the creation of a
LTVEC for inserting Ig heavy chain variable region gene segments to the mouse
endogenous TCRP locus. Unless specifically indicated otherwise, mouse sequences are
depicted by filicd shapes and single lines, and human sequences are depicted by erapty
shapes and double lines.

86734 Figure 11 depicts an cxemplary scheme (not to scale) for inserting g heavy
chain variable region gene segments to the mouse endogenous TCRP locus. Unless
specifically indicated otherwise, mouse sequences are depicted by filled shapes and single

hines, and human sequences are depicted by empty shapes and double lines.
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18074} Figare 12 depicts exemplary LTVECs (not to scale) useful for inserting Ig
heavy chain variable region gene segments to the mouse endogenous TCRY locus. Unless
specifically indicated otherwise, mouse sequences are depicted by filled shapes and single
fines, and human sequences are depicted by empty shapes and double lines.

[B675] Figure 13 depicts an exemplary scheme (not to scale) for scheme for
tnserting Ig heavy chain vartable region gene segments to the mouse endogenocus TCRP
focus. Step 4 depicts an optional step of deleting TCR VB31 gene segment. Unless
specifically indicated otherwise, mouse sequences are depicted by filled shapes and single
fines, and human sequences are depicted by empty shapes and double lines.

0076} Figure 14 depicts the V. and J, usage during rearrangement of an Ig «/TCRa
CAR locus in thymocytes and splenic T cells of a transgenic mouse in which an
endogenous TCRa variable region locus has been replaced with an unrearranged Ig x
variable region gene segroents (4 functioval Vi and 5 functional J). IGKV7-3 s 4
pscudogene.

16677} Figure 15 depicts the productive versus non-productive rearrangements of
an g w/TCRa CAR locus tn splenic T cells of three transgenic mice in which an
endogenous TCRa variable region locus has been replaced with an unrearranged Ig «
variable region gene segments (4 functional Vy and 5 functional L. Productive
rearrangerncnts (“prod”’) here include rearrangerncnts where the rearranged nucleic acid
sequence can be translated into a protein having, in operable linkage, the sequence of V,,
followed by the sequence of 1, followed by the sequence of TCRa constant domain.
Nonproductive rearrangements (“ononprod”) nclude those where the rearranged Vidx exons
are out of frame with a nucleic acid sequence encoding TCRa constant domain, or are in
frame with & sequence encoding a TCRo domain but containing a stop codon so that they
cannot be translated into protein.

[9678] Figure 16 depicts the V. and J usage during rearrangerent of an Ig w/'TCRa
CAR locus in thymocytes and splenic T cells of a transgenic mouse in which an
endogenous TCRa variable region locus has been replaced with an unrearranged lg x
variable region gene segmeuts {16 functional V. and 5 functional J}.

[6879] Figure 17 depicts the productive versus non-productive rearrangements of
an Ig «/TCRa CAR locus 1 thymocyies aud splenie T cells of transgenic muace 1o which an

endogenous TCRo variable region locus has been replaced with an unrearranged g «

- 31 -



WO 2016/044745 PCT/US2015/050975

variable region gene segments (16 functional Vi and S functional Ji). Productive
rearrangerments (“prod’ here include rearrangements where the rearranged nucleic acid
sequence can be translated into a protein having, in operable linkage, the sequence of V,,
followed by the sequence of 1, followed by the sequence of TCRa constant domain.
Nonproductive rearrangements (“nonprod”) include those where the rearranged Vidx exons
are out of frame with a sequence encoding a TCRo constant domain, or are in frame with
TCRo but containung a stop codon so that they cannot be translated mto protein,

[ 6086 Figure 18 depicts the Vi and Ji usage during rearrangement of an
IgH/TCRP CAR locus in thymocytes and splenic T cells of a transgenic mouse in which an
endogenous TCRP variable region locus has been replaced with an unrearranged IgH
variable region gene segments (3 functional Vy and all functional D and Jy).

6081} Figure 19 depicts the productive versus non-productive rearrangements of
an IgH/TCRB CAR locus in thymocytes and splenic T cells of transgenic mice in which an
endogenous TCR variable region locus has been replaced with an unrearranged IgH
variable region gene segments (3 functional Vy and all functional I and Jy). Productive
rearrangerncnts (“prod”’) here include rearrangerncnts where the rearranged nucleic acid
sequence can be translated into a protein having, in operable inkage, the sequence of Vi,
followed by the sequence of D, followed by the sequence of Jy, followed by the sequence
of TCRP constant domain. Nonproductive rearrangements (“nonprod”) inclade those where
the rearranged VDI exons are out of frame with a sequence encoding a TCRJ constant
domain, or are m frame with TCRP but coutaining a stop codon so that they caunot be
translated into protein.

DETAILED DESCRIPTION

General

0082} Provided hercin arc methods and compositions related to chiraeric antigen
receptors (CARs) having antigen binding domains derived from an immunoglobulin (Ig)
and constant domains derived from a T cell receptor (TCR). In some embodiments, the
CAR has binding specificity for a peptide presented by a major histocompatibility complex
(MHC) protein.

6083} Antibodies have proven to be valuable therapeuntic agents due to their ability
to bind to target antigens with high affinity and specificity. One of the weaknesses of

existing antibody therapeutic technologies is the difficulty of targeting certain antigens,
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sach as intracelhular antigens, due to the challenges associated with delivering antibodies
across a cellular membrane. Thus, current antibody therapeutics are generally directed to
extracellular antigens, such as cell surface proteins and soluble factors, such as cytokines.
On the other hand, intracellular targets, including many tumor antigens and viral antigens,
remain difficult to target.

3084} The challenge of delivering antibodies across a cellular membrane could be
avoided through the use of antibodics that were able to recognize peptide antigens
presented on major histocompatibility complex (MHC) proteins. All nucleated mammalian
cells process endogenous cellular proteins into peptides that are loaded onto class I MHC
proteins and presented on the surface of the cell. Similarly, professional antigen presenting
cells {APCs), such as dendritic cells or macrophages, process exogenous antigens into
peptides that are loaded onto class I MHC proteins and presented on the APC cell surface.
During T cell development in the thymus, T cells undergo positive and negative selection,
which ensures that only the small minonity of T cells expressing TCR with very weak
peptide-independent affinity to MHC emerge from the thymus {positive selection}) while T
cells expressing TCR with moderate to high athnity to self-peptide/MHC are driven to
apoptosis {negative selection). Antibodies, unlike TCR, do not normally undergo MHC-
based posttive and negative selection, and it has proven difficult to generate antibodies
specific for peptide/MHC complexes using conventional antibody generation technques.

[ 3085} As described herein, in some embodiments soluble antigen binding
molecules, sach as antibodies, specific for peptide/MHC coraplexes can be generated using
genetically modified non-human animals {e.g., mice) that are engineered to have T cells
that cxpress CARSs having Ig variable domains and TCR constant domains. Such non-
buman animals have Ig variable domains derived from unrearranged g light and heavy
chain variable (V{D)J} genc segments operably linked to TCRo and TCRP constant regions
and, upon encountering an antigen {(e.g., peptide/MHC) undergo V(D)) rearrangement at
the CAR loci to generate rearranged CAR molecules that result in CAR expressionon T
ceils, Because such T cells undergo positive and negative selection, the CARs cxpressed
have antigen spectficity for peptide/MHC. Such mice can therefore be used to generate
antigen binding proteins able to target peptide/ MHC complexes. For example, the mice can
be mrounized with a peptide/MHC antigen such that antigen specific T cells are generated.

The nucleic acid encoding the Ig variable domains of the CARs cxpressed on the antigen
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specific T cells can be operably hinked to nucleic acid encoding Ig constant domains v a

host cell such that the host cell expresses a peptide/MHC specific antibody.

Definitions

1668s6] The articles “g” and “an” are used herein to refer to one or to more than one
{i.c., to at least one) of the grammatical object of the article. By way of example, “an
element” means one cleraent or more than one clement.

16G87] The term “amine acid” is intended to embrace all molecules, whether natural
or synthetic, which mnclude both an aroino functionality and an acid functionality and
capable of being inchided n a polymer of naturally-occurring amino acids. Exemplary
amino acids include naturally-cccurring amino acids; analogs, derivatives and congeners
thereot; amino acid analogs having variant side chaius; and all stercotsomers of any of any
of the foregoing.

[ B08E] As used heren, the term “anrtbody” way refer to both an 1utact antibody and
an antigen binding fragment thereofl Intact antibodies are glycoproteins that include at least
two heavy (H) chains and two light (L) chains mter-connected by disulfide bonds. Each
heavy chain includes a heavy chain variable domain and a heavy chain constant domain.
Each light chain inclades a light chain variable domain and a light chain constant domain.
The heavy chain variable domains and light chain vanable domains can be further
subdivided into domains of hypervariability, termed compiementarity determining regions
{CDR), interspersed with regions that are maore 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
order: FRI, CDRI, FRZ, CDR2, FR3, CDR3, FR4. The variable domains of the heavy and
Hight chains contain a binding domain that interacts with an antigen.

[ 6089] 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 av antigen. Examples of binding fragments encorapassed within the term
"antigen-binding fragment” of an antibody include Fab, Fab', F{ab'),, Fv, scFv, disulfide
Huked Fv, Fd, single-chan antibodies, isolated CDRH3, and other antibody fragroents that

retain at least a portion of the variable domain of an intact antibody. These antibody
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fragroents can be obtained using conventional recorabinant and/or enzymatic techniques
and can be screened for antigen binding in the same manner as intact antibodies.

6094] As used herein, a “chimeric antigen receptor” or “CAR” refers to an antigen
binding protein in that includes an immmunogiobulin antigen binding domain {e.g., an
mmmunoglobulin variable domain} and a T cell receptor (TCR) constant domain. As used
herein, a “constant domain” of a TCR polypeptide includes a membrane-proximal TCR
constant dornain, and may also include a TCR transmerbrane domain and/or a TCR
cytoplasmic tail. For example, in some embodiments, the CAR is a dimer that includes a
first polypeptide comprising & tmumunoeglobulin heavy chain variable domain linked to a
TCRP constant domain and a second polypeptide comprising an immunoglobulin light
chain variable domain {e.g., a ¥ or A variable domain} linked to 2 TCR« constant domain. In
soroe ewbodiments, the CAR is a dimer that includes a first polypeptide corprising a
mmmunoglobulin heavy chain variable domain linked to a TCRo constant domain and a
second polypeptide comprising an immunoglobulin light chain variable domain {e.g., ax or
A variable domain) linked to a TCRJ constant domain.

6091} The phrase “derived from” when used concerning a rearranged variable
region gene “derived from” an unrearranged variable region and/or unrearranged variable
region gene segrments refers fo the ability to trace the sequence of the rearranged variable
region gene back to a set of unrearranged vaniable region gene segments that were
rearranged to form a gene that expresses the variable domain {accounting for, where
applicable, splice differences and sornatic mutations). For exaraple, a rearvanged variable
region gene that has undergone somatic mutation is still derived from the unrearranged
vartable region gene scgrents. In some ermbodiments, where the endogenous locus is
replaced with a universal light chain or heavy chaiu locus, the term “derived from”
indicates the ability to trace origin of the scquence to said rearranged locus even though the
sequence may have undergone somatic mutations.

16692} As used heremn, the term “Jocus” refers to a location on a chromosome that
contains a set of related genetic elements (e.g., genes, gene segmeuts, regulatory elements).
For example, an unrearranged immunoglobulin locus may inchade immunoglobulin variable
region gene segments, oue or roore inmmunoglobulin constant region genes and associated
regulatory clements {e.g., promoters, enhancers, switch elements, ezc.) that direct V(D)

recombination and immunoglobulin expression. Similarly, an unrearranged CAR locus may
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include immunoglobulin variable region gene segroents, a TCR coustant region gene and
associated regulatory clements {e.g., promoters, enhancers, efc. ) that direct V{E3)J
recorabination and CAR expression. A locus can be endogenous or non-cndogenous. The
term “endogenous locus” refers to a location on a chromosome at which a particular genetic
clement 1s naturally found. For example, an endogenous mouse TCRa locus refers to the
focation on mouse chromosome 14 that includes TCRa variable region gene segments and
constant region genes in a wild-type mouse, while an endogenous mouse TCRP locus refers
to the location on mouse chromosome 6 that includes TCRJ variable region gene segments
and constant region genes in a wild-type mouse.

3093} Unrearranged variable region gene segments are “operably linked” to a
contiguous constant region gene if the unrearranged variable region gene segments are
capable of rearranging to form a rearranged vanable region gene that is expressed in
conjunction with the constant region gene as a polypeptide chain of an antigen binding
protemn. For example, unrearranged immunoglobulin variable region gene segroents are
operably Hnked to a TCR coustant region gene in a CAR locus.

18094 The terms “polynucieotide”, and “nucleic acid” arc used interchangeably.
They refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or
ribonucieotides, or analogs thercof. Polynucleotides may have any three-diraensional
structure, and may perforro any function. The following are non-limiting examples of
polymuclecotides: coding or non-coding regions of a gene or gene fragment, loci (Jocus)
defined frovo Hnkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA,
ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides, branched
polymucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes, and primers. A polynuclestide may comprise moedified
nucleotides, such as methylated nucleotides and nucleotide analogs. I present,
modifications to the nucleotide structure may be imparted before or after assembly of the
polyracr. A polynucleotide may be further moditied, such as by conjugation with a labeling
componeunt. fn all nucleic acid sequences provided herein, U nucleotides are
interchangeable with T nucleotides.

6095] As used herein, “specific hinding” and “antigen specificity” refers to the
ability of an antigen binding molecule (e.g., an antibody or CAR}to bind to a

predetermined target, such as a predetermined peptide/MHC complex. Typically, an antigen
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binding molecule specifically binds to its predetermined target with an affinity
corresponding to a Ky of about 107 M or less, and binds to the predetermined target with an
affinity {as expressed by Kp) that 1s at least 10 fold less, at least 100 fold less or at least
1000 fold less than its affinity for binding o a non-specific and unrelated target {e.g., BSA,
cascin}.

3096} The term “wunrearranged” includes the state of an immunoglobulin, TCR or
CAR variable region locus or variable region gene segments wherein V gene segments and
J gene segments (for heavy or TCRJ variable regions, D gene segments as well) are
maintained separately but are capable of being joined to form a rearranged V(D) gene {a
“variable region gene”) that comprises a single V,(D3),J of the V(D) repertoire.

Chimeric Antigen Receprov Loci

16697} In certain aspects, provided herein are chimeric antigen receptor (CAR) loci.
Such CAR loci generally comprise a variable region locus and a constant region locus. The
variable region locus includes unrearranged Ig variable region gene segments, while the
constant region locus includes a TCR constant region gene, wherein the Ig variable region
gene segments are operably linked to the constant region gene. In some embodiments the
variable region will be an unrearranged variable region and will therefore contain
unrearranged lg variable region gene segrucnts. 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 and the TCR. constant region gene s a non-human coustaut region
gene. For example, in some embodiments, the TCR constant region gene is a rodent
constant region gene, such as a rat constant region gene or a mouse constant region gene. In
certain embodiments, the Ig variable region gene segments are human variable region gene
scgments and the TCR constant region gene is a human constant region gene.

16098} In some embodiments, the CAR loci described herein are located at an
endogenous TCR loct. For example, in some erabodiments, a CAR locus comprising a
TCRo coustant region gene 1s located at an cudogenous TCRa constant region locus. lo
some embodiments, such a locus is created by replacing some or all of the TCRa
unrearranged varnable region with an unrearranged Ig variable region. In some
cmbodiments, a CAR locus comprising a TCRP constant region gene is located at an

endogenous TCRP constant region locus. In some embodiments, such a locus 1s created by
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replacing some or all of the TCRP unrearranged variable region with an unrcartanged Ig
variable region. Methods for the construction of exemplary CAR loci are provided herein in
Example 2.

[6499] In certain embodiments, the CAR variable region locus will contain
unrearranged human Ig variable region genc 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, cach of which is hereby incorporated by
reference, and m U.S. Pat. Pub. Nos. 2008/0098450, 2012/0167237, 2013/03145484,
2013/0326647, 2014/613275 and 2014/093908, cach of which is hereby incorporated by
reference.

16188} In certain embodiraents, the CAR 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 a plurality of human
Vi segments, one or more human Dy segments and one or more buman Iy segments. In
sorac ernbodiments, the unrearranged hurnan Ig variable region gene scgracnts comprise at
feast 3 Vy gene segments, at feast I8 Vi gene segments, at least 20 Viy gene segments, at
fcast 30 Vq gene segments, at least 40 Vy gene segraents, at least 50 Vi gene scgments, at
feast 60 Vi gene segments, at least 70 Vi gene segments, or at least 80 Vi gene segments,
In some cmbodiments, the unrearranged human Ig gene segments include all of the human
Dy gene segments. To soroe emnbodiments, the CAR variable region further comprises TCRB
variable region gene segments (e.g., V, [} and/or J gene segments). In one embodiment, the
CAR vanable region further comprises distal TCR VJ gene segments, e.g., TCR VP31 gene
segment. In another embodiment, the distal TCR VJ gene segments, e.g., TCR VB31 gene
segment, has been functiovally inactivated or deleted. In some embodiments, the
unrearranged human Ig gene segments include all of the human Jy gene segments.
Exemplary variablc regions comprising Ig heavy chain gene segments arc provided, for
example, in Macdonald ef al., Proc. Nail. 4cad. Sci. US4 111:5147-52 and supplemental
mformation, which is hercby incorporated by reference.

3161 In some embodiments, the CAR variable gene locus comprising
unrcarranged human Ig heavy chain variable region gene segments alse includes human Ig

heavy chain variable region intergenic sequences. In some embodiments, the CAR variable
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gene locus tocludes non-buran {e.g., rodeut, rat, mouse) Ig heavy cham variable region
intergenic sequences. In some embodiments, the CAR variable gene locus includes human
or non-huran {e.g.. rodent, rat, mouse) TCRP variable region intergenic sequences. For
cxample, in some embodiments the unrearranged variable region of the CAR locus
comprises one or more {e.g., 1,2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, 15,16, 17, 18, 19 or
28} 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 mouse TRY genes.
In some embodiments, the mouse TRY genes are selected from the group consisting of
Tryl, Try2, Try3, Tryd, TryS, Tryd, Try7, Try&, Try9, Tryl0, Tryll, Tryl2, Tryl3, Tryl4,
Tryls, Tryld, Tryl7, TeylR, Try19 and Try20. In some embodiments, one or more TRY
genes are located upstream of the Vy segments of the unrearranged variable region. In some
embodiments, one or more TRY genes are located downstream of the Vi segments and
upstreamm of the Dy segments of the unrearranged variable region. In some embodiments,
Try1-7 are located upstream of the Vi segments of the unrearranged variable region and
Try &-20 are located downstream of the Vy segments and upsiream of the Dy segments of
the unrcarranged variable region. Additional information regarding the TRY gencs located
in the human and/or mouse TCRP locus is provided 1n Ghusman ef af., fmmunity 15:337-
349 (2001) and Skok et af., Nature fmmunology 8:378-387 (2007}, cach of which 18
mecorporated by reference. In some emboduments, the CAR gene locus coraprises non-
human regulatory clements {e.g., non-human promoters and/or enhancers. In some
erabodiments, the non-human regulatory elevoenis are rodent regulatory elements {e.g., rat
or mouse promoters or enhancers). In some embodiments, the CAR locus comprises an IgM
enhancer (Ep). In sorne crobodirnents, the IgM enhancer is a non-human Eu {e.g., a rodent
Eu, such as a mouse or rat Egu).

16162} In certain ermbodiraents, the CAR variable region locus contains
unrearranged human Ig « variable region gene segments. In some embodiments, the
unrearranged human immunoglobulin variable region gene segruents comprise a pharality of
hurman V segroents and one or more hursan I segments. In some embodiments, the
immunocglobulin variable region gene segments comprise four functional V. segments and
all human J. segments. In some emboduments, the immunoglobulin vanable region gene
segments comprise 16 functional V segments and all human J segments. In some

cmbodiments, the unrearranged human immunoglobulin variable region gene segments
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comprise all of the human Vx segments and all human J¢ segmicuts. Exerplary variable
regions comprising Ig « gene segments are provided, for example, in Macdonald ef g/,
Proc. Natl. Acad. Sci. USA 111:5147-52 and supplemental mmformation, which 1s hereby
incorporated by reference. In some embodiments, the unrearranged human immunoglobulin
vartable region gene scgraents comprise all of the human Jx segments. In sorae
embodiments, the CAR variable region further comprises TCRa variable region gene
scgments {e.g., V, and/or J gene segments).

16163] In certain embodiments, the CAR variable region locus contains
unrearranged human fg A variablc region gene segments. In some embodiments, the
unrearranged human immunoglobulin variable region gene segments comprise a plarality of
human V, segments and one or more human |, scgments. In some embodiments, the
unrearranged human immunoglobulin variable region gene segments coroprise all of the
human V, segments. Inn some embodiments, the unrearranged human immunoglobulin
variable region gene segroents corprise all of the human I, segments. In some
embodiments, the CAR variable region further comprises TCRa variable region gene
scgments {e.g., V, and/or J gene segments). Exernplary variable regions coraprising Ig A
gene segments are provided, for example, U.S. Pat. Pub. Nos. 2012/6073004 and
2002/0088016, cach of which is hereby incorporated by reference.

19164} In some embodiments, the CAR variable gene locus containing unrearranged
human g light chain variable region gene segments also includes human Ig light chain
variable region intergenic sequences {e.g., x variable region intergenic sequences and/or A
variable region intergenic sequences). In some embodiments, the CAR variable gene locus
mcludes non-hurnan {e.g., rodent, rat, mousc) Ig light chain variable region intergenic
sequences {e.g., K variable region intergenic sequences and/or A variable region intergenic
scquences). In some embodiments, the CAR vanable gene locus includes human or non-
human {e.g., rodent, rat, mouse} TCRa variable region intergenic sequences. In some
embodiments, the CAR gene locus comprises non-human regulatory clements {e.g., non-
huran promoters and/or enbavcers. In some embodiments, the nou-human regulatory
clements are rodent regulatory elements {e.g., rat or mouse promoters or enhancers).
[6185] In some embodiments, the CAR vanable region locus 1s a rearranged
variable region locus comprising a Ig heavy chain variable region gene (a universal heavy

chain variable region). In some embodiments, the rearranged 1g heavy chain variable region
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gene 18 a human rearranged Ig heavy chain variable region gene. Use of vmiversal heavy
chain variable regions facilitate the generation of bispecific antibodies in which at least one
antigen-binding domain bas specificity for a peptide/MHC complex. Exemplary rearranged
Ig heavy chain variable regions are provided in U.S. Patent Pub. No. 2014/0245468, which
18 hereby incorporated by reference.

18166} In some embodiments, the CAR variable region locus is a rearranged
variable region locus comprising a Ig light chain variable region gene (a universal light
chain variable region}. In some embodiments, the rearranged Ig Hght chain variable region
gene 18 a human rearranged Ig light chain variable region gene. Use of universal light chaim
variable regions facilitate the generation of bispecific antibodies in which at least one
antigen-binding domain has binding specificity for a peptide/MHC complex. Exemplary
rearranged fg heavy chain variable regions are provided in U.S. Patent Pob. No.
2013/0185821, which is hereby incorporated by reference.

181671 In certain embodiments, the CAR constant region locus comprises a TCRa
or a TCRP constant region gene. In some embodiments, the CAR constant region locus
further comprises immunoglobulin regulatory sequences {e.g., regulatory sequences of
human or endogenous species origin}. In some embodiments, the CAR constant region
focus compriscs a mouse or rat IgM cohancer {(Ey) upstream of the TCRB C2. In some
embodiments, the TCR constant region gene also inchides Ig constant region sequence. For
example, in some embodiments, the CAR constant region locus includes a TCRP constant
region gene that mcludes nucleic acid sequence encoding for a Ig heavy chaim CHI domain.
In some embodiments, the CAR constant region locus includes a TCRa constant region
gene that includes nucleic acid sequence encoding for an Ig A or Ig x constant region or a
portion thereof.

Humanized MHC

[6188] In some embodiments, the genetically modified non-human animals and ES
cells deseribed herein express and/or comprise 1n their genome loct encoding humanized
MHC class T o chain polypeptides {e.g., bumamzed HLA-A, HLA-B, HLA-C, HLA-E,
HLA-F, HLA-g, HLA-K and/or HLA-L}. In some embodiments, the humanized MHC class
I o chain polypeptide is fully human. In some embodiments, the bumanized MHC class T o
chain polypeptide comprises a humnan extracetiular domain (e.g., 2 human o1, a2, and 03

domains} and a cytoplasmic domain of endogenous species origin. Humanized MHC class |
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o chain polypeptides, loci encoding humarszed MHC class T o chain polypeptides and non-
human animals expressing humanized MHC class I o chain polypeptides are described in
U.S. Pat. Pub. Nos. 2013/0111617, 2013/0185819 and 2014/0245467, cach of which is
incorporated by reference herein.

(8169} In some cmbodiments, the genetically modificd non-human animals and ES
cells described herein express and/or comprise in their genome a locus enceding humanized
B-2-microglobulin polypeptide. Humanized B-2-microglobulin polypeptides, loci encoding
humanized B-Z-microglobulin polypeptides and non-human animals expressing humanized
B-Z-microglobulin polypeptides are deseribed in ULS. Pat. Pub. Nos. 2013/0111617 and
2013/8185819, each of which is incorporated by reference herein.

8116} In some embodiments, the genetically modified non-human animals and ES
cells described heremn express and/or coraprise in their genoroe a loct encoding bumanized
MHC class 1 a chain polypeptides (e.g., humanized HLA-DMA, HLA-DOA, HLA-DPA,
HLA-DQA and/or HLA-DRA). In some embodiraents, the humanized MHC class I o
chain polypeptide is fully human. In some embodiments, the humanized MHC class H o
chain polypeptide comprises a human extracellular domain and a cytoplasmic domain of
endogenous spectes origin. Humanized MHC class I o chain polypeptides, loci encoding
huranized MHC class IT a chain polypeptides and non-hurman animals expressing
hursanzed MHC class I o chain polypeptides are described i ULS. Patent Nos. 8,847,005
and 9,043,996 and U.8. Pat, Pub. No. 2014/0245467, cach of which is incorporated by
reference herein.

(6111} In some cmbodiments, the genetically modified non-human animals and ES
cells deseribed herein express and/or comprise in their genome a loct cncoding humanized
MHC class 1 B chain polypeptides {e.g., humanized HLA-DMB, HLA-DOB, HLA-DPB,
HLA-DOB and/or HLA-DRB). In sorne embodiments, the humanized MHC class 1 § chain
polypeptide is fully human. In some embodiments, the humanized MHC class 1 B chaip
polypeptide comprises a human cxtracelinlar domain and s cytoplasmic domain of
endogenous species origin, Humanized MHC class 11 8 chain polypeptides, loci encoding
humanized MHC class I § chain polypeptides and non-human animals expressing
humanized MHC class 1T B chaio polypeptides are described in UK, Patent Nos. 8,847,005
and 9,043,996 and U.S. Pat. Pub. No. 2014/0245467, each of which 18 incorporated by

reference herein.

- 472 -



WO 2016/044745 PCT/US2015/050975

19112} Genetically modified von-human animals comprising CAR loci and
humanized MHC { and/or MHC H (MHC Ho/HIP) loci can be generated by breeding using
conventional methods; alternatively, they can be generated by homologous recombination
in ES cells already coroprising one or more genetically engineered loci {e.g., CAR loci),
and gencrating a non-human animal from said ES cells.

Humanized CD4 and CD8 Recepiors

16113} In some embodiments, the genetically modified non-human animals and ES
cells deseribed herein express and/or comprise 1n their genome a locus cncoding a
bumanized CDE o chain polypeptide. In some embodiments, the humanized CDS a chain
polypeptide 1s fully human. In some embodiments, the humanized CDE o chain polypeptide
comprises a human extraceltular immunoglobulin domain and a cytoplasmic domain of
endogenous species origin. Humanized CD¥ o chain polypeptides, loct encoding
humanized CD8 ¢ chain polypeptides and non-hursan animals expressing humanized CDR
o chain polypeptides are described in U.S. Pat. Pub. Nos. 2014/0245466 which is
incorporated by reference herein.

16114} In some embodiments, the genetically modified non-human animals and ES
cells deseribed herein express and/or comprise 1n their genome a locus cncoding a
bumantzed CDE § chain polypeptide. In some embodiments, the humanized CD8 § chain
polypeptide 1s fully hurnan. In sore embodirnents, the humanized CDE B chain polypeptide
comprises a human extraceltular immunogiobulin domaio and a cytoplasmic domaio of
endogenous species origin. Humanized CD¥ B chain polypeptides, loci encoding humanized
D8 B chain polypeptides and non-human aniroals expressing humanized CDR § chain
polypeptides are described in U5, Pat. Pub. Nos. 2014/0245466 which is incorporated by
reference herein.

[6115] In some embodiments, the genetically modified non-human animals and ES
cells deseribed herein express and/or comprise 1n their genome a locus cncoding a
bumantzed CD4 polypeptide. In some embodiments, the humanized CD4 polypeptide is
fully hurnan. In some embodiments, the humanized CD4 polypeptide comprises at least one
human extraceltular immunoglobulin domain and a cytoplasmic domain of endogenous
species origin. In some embodiments, the humanized CDM polypeptide comprises at least a
hursan D1 immunoglobulin domatn, 2 homan D2 immuanoglobulin domaiv, and a bhuman

D3 impwunoglobulin domain, and a cytoplasmic domain of endogenous species origin. In
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some embodiments, the humanized CD4 polypeptide corprises a human B
tmmunoglobulin domain, a human D2 immunoglobulin domain, a human D3
imrounoglobulin dowain, a D4 immunoglobulin domaiu of endogenous species originand a
cytoplasmic domain of endogenous specics origin. Humanized CD4 polypeptides, loci
encoding humanized CD4 polypeptides and non-human animals expressing humanized
CD4 polypeptides are described in UK. Pat. Pub. Nos. 2014/0245466 which is incorporated
by reference hercin.

6116} Genetically modified non-human animals comprising CAR loci and
humanized CD4 and/or CDE (CDBo/CDER) loct can be generated by breeding using
conventional methods; alternatively, they can be generated by hornologous recorbination
in ES cells already comprising one or more genetically engineered loci {e.g., CAR loci},

and generating a non-human animal from said ES cells.

Genetically modified Non-Human Animals and E3 cells

16117} In certain aspects, provided herein are genetically modified non-human
animals that express a CAR and/or a CAR peptide as well as genetically modified non-
hurnan animoal ES cells useful in the making of such non-human animals.

13118} In certain aspects, provided herein are genetically modified non-human
anirnals and non-human animal ES cells comprising in their germline and/or genome a
CAR locus described hercin, In some embodiments, the non-huran animals or ES cells
comprise two CAR loci in their germlbine and/or genome. In some embodiments, one locus
comprises a TCRa constant region gene and one locus comprises a TCRP constant region
gene. In some embodiments, the CAR locus 18 located at an endogenous TCR locus.

10119} In some embodiments, the non-human animal can be any non-hurnan anirnal,
In some embodiments, the non-human animal is a vertebrate. In some embodiments, the
non-human animal is a maromal. In some cmbodiments, the genetically modified non-
buman animal described herein may be selected from a group consisting of a mouse, rat,
rabbit, pig, bovine {e.g,, cow, bull, buftalo), deer, sheep, goat, Hama, 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 aniroal comprising the genetic modifications described herein. Such

methods inclade, for example, modifying a non-ES cell genome {e.g., a fibroblast or an
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induced pluripotent cell} and employing nuclear transter to transfer the modified genome to
a suitable cell, such as an cocyte, and gestating the modified cell (e.g., the modified oocyte)
in a non~-human animal under suitable conditions to forra an embryo.

16128} In some embodiments, the non-human animal 1s a mammal. In some
cmbodiments, the non-human animal is g sroall mammal, e.g, of the superfanuly
Dipodoidea or Muroidea. In some embodiments, the non-human animal is a rodent. In
certain cmbodiments, the rodent is a mouse, a rat or a hamster. In some cmbodiments, the
rodent s selected from the superfamily Muroidea. In some embodiments, the non-human
antmal 1s from a farmily selected from Calomyscidace {e.g., mouse-like hamsters), Cricetidae
{e.z., hamster, New World rats and mice, voles), Muridae {e.g., true mice and rats, gerbils,
spiny mice, crested rats), Nesomyidace {e.g., climbing mice, rock mice, white-tailed rats,
Malagasy rats and mice), Platacanthoroyidae (e.g., spiny dormice), and Spalacidac (e.g.,
mole rates, bamboo rats, and zokors). In some embodiments, the rodent is selected from a
true raouse or rat {Tamily Muridae), a gerbil, a spiny mouse, aud a crested rat. In some
embodiments, the mouse is from a member of the family Muridae. In some embodiments,
the non-human animal is a rodent. In some embodiments, the rodent is selected from g
mouse and a rat. In some embodiments, the non-human animal is 2 mouse.

18121} In some cmbodiments, the non-human animal is a mouse of a C57BL strain.
In some embodiments, the C37BL strain is selected from CS7BL/A, CS7BL/An,
CS7BL/GrFa, CSTBL/KalwN, C57BL/6, CS7TBL/6J, C57BL/6By], CS7TBL/GNY,
CA7BL/0, CSTBL/IOScSn, CA7BL/10Cy, and CS7BL/Ola. In some embodiments, the non-
human animal is 2 mouse of a 129 strain. In some embodiments, the 129 strain is selected
from the group consisting of a strain that 18 129P1, 12992, 12993, 126X1, 12951 {e. g,
12981/5V, 12051/Svimy, 12982, 12984, 12985, 12989/SvEvH, 12956 (129/5vHvTac),
12987, 12988, 129T1, 129T2. In some embodiments, the genctically moditfied mouse is a
mix of a 129 strain and a CS7BL 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

BALB/c). In some embodiments, the mousce is a mix of a BALB strain and another strain
{e.g., 3 CSTBL strain and/or a 129 strain}. In some embodiments, the non-haman ammals
provided herein can be a mouse derived from any combination of the aforementioned

strains.

- 45 -



WO 2016/044745 PCT/US2015/050975

181221 In some embodiments, the non-human animal provided herein is avat. In
some embodiments, the rat is selected from a Wistar rat, an LEA strain, a Sprague Dawley
strain, a Fischer strain, F344, ¥6, and Dark Agouti. In some embodiments, the rat straim is a
mix of two or more strains selected from the group consisting of Wistar, LEA, Sprague
Dawley, Fischer, F344, F6, and Dark Agouti.

[3123] In certain embodiments, the genetically modified non-human antmals or ES
cells comprise in their genome and/or germline CAR loct, a humanized MHC class T«
chain locus, a humanized B-2-microglobulin locus, a humanized MHC class H ¢ chain
tocus, a humanized MHC class I B chain locus, a humanized CDE o chain locus, a
bumantzed CDE § chain locus and/or a humanized CB4 locus. In some embodiments, the
humanized MHC class 1 & chain locus is located at an endogenous MHC class | o chain
locus. Tn soroe erobodiraent, the bursanized B-2-mucroglobubin locus is located at an
endogencus B-2-microglobulin locus. In some embodiments, the humanized MHC class [T g
chain locus 1s located at an endogenous MHC class H « chain locus. In some embodiments,
the humanized MHC class H § chain locus is located at an endogenous MHC class H §
chain locus. In some embodiments the hurnanized CDR o chain locus 1s located at an
endogenous CDE g chain locus. In some embodiments, the bumanized CDE § chain locus is
focated at an endogenous CDR8 B chain locus. In some embodiments the huranized CD4
focus is located at aun endogenous CD4 locus. To sore emboditaents, the genetically
modified non-human animal does not express endogenous MHC class { o chain
polypeptides, endogenous P-2-microglobulin polypeptides, endogenous MHC class H o
chain polypeptides, endogenous MHC class {1 B chain polypeptides, endogenous CDS a
chain polypeptides, endogenous CDR B chain polypeptides and/or endogenous CD4
polypeptides. Such animals are described in, for example, U.S. Pat. Pub. Nos.
2013/0111617, 2013/0185819, 2014/0245466 and 2014/0245467, and U.S. Patent Nos.
®,847,005 and 9,043,990, each of which is incorporated by reference herein,

(8124} In certain aspects, the genctically modificd non-hurman animal cxpresses 4
CAR polypeptide described heren. In soroe erobodiaents, the genetically rmuodified non-
human animal expresses a CAR comprising two CAR polypeptides. In certain
erabodimeunts, the CAR has binding specificity for a peptide/MHC coroplex. To some
cembodiments, the CAR is expressed on T cells (e.g., CD4 T cells or CDE T cells) in the

non-human animal. In some embodiments, the non-human animal does not cxpress an off
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TCR. In some embodiments, the CAR expressing T cells undergo positive selection during
T cell development. In some embodiments, the CAR expressing T cells undergo negative
selection during T cell development.

[6125] 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 m U.S. Patent Nos. 6,586,251, 6,596,541, 7,105,348, and Valenzucla er ¢, (2003)
“High-throughput engineering of the mouse genome coupled with high-resolution
expression analysis” Nar. Biotech. 21{(6): 652-659, cach 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 zine finger nuciease (ZFN) systern. In some embodiments, modifications are made
using a CRISPR/Cas system, as described, for examiple, in U.S. Pat. App. Nos. 14/314,866,
14/515,503, 14/747,461 and 14/731,914, cach of which 1s incorporated by reference. In
some embodiments, variable region gene segments are serially added to a CAR locus
through a serics of targeting events in which large targeting vectors are sequentially added
to an expanding CAR locus one after another. In some embodiments, multiple large
targeting vectors {e.g., two or more) are simultancously incorporated into the CAR locus in
a single targeting event {e.g., a double-targeting event). Exemplary methods of making such
genetically modified non-human animals and ES cells are provided herein in Example 2.
16126} ES celis 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 gencrate genetically modified mice using the
VELOCIMOUSE® method, as described in U.S. Pat. No. 7,294,754 and Poucymirou ef al.,
Nature Biotech 25:91-99 (2007}, cach of which is hereby incorporated by reference.
Resulting mice can be bread to homozygosity.

Methods of Using the Genetically Modified Non-Human Animals

18127} The genetically modified non-human animals described heretn can be used
i1 any process for which an animal expressing 2 CAR might be useful. For example such
non-human animals can be used to make CARs, to make a T cells expressing CARS, to
make T cell hybridomas expressing CARs, to make nucleic acids encoding rearranged Ig

variable regions, and to make antibodics or antibody fragments.
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18128} In certain embodiments of the methods described herein include the
tmmounization of a transgenic non-human animal in order o induce a T cell imnune
response against a peptide/MHC complex. In some embodiments a genetically modified
non-human animal described herein is exposed to an antigen comprising a peptide such that
the peptide 1s presented on a MHC in the non-human animal.

3129} In some embodiments, any method of exposing the genetically modified
non-hurman aniroal deseribed herein to an antigen comprising a peptide such that the
peptide is presented on a MHC in the non-human animal such that a T cell response to the
peptide 18 induced in the animal can be used.

13136} In some embodiments, the MHC on which the peptide is presented is a class
I MHC. In some cmbodiments, the class I MHC is HLA-A, HLA-B, HLA-C, HLA-E,
HILA-F or HLA-G. v soroe erobodiroents, the peptide 18 8-10 amino acids in length.
16131} In some embodiments, the MHC on which the peptide is presented is a class
I MHC. In some embodiments, the class H MHC s HLA-DM, HLA-DO, HLA-DP, HLA-
DO or HLA-DR. In some embodiments, the peptide is 10-25 amino acids in length. In some
embodiments, the peptide is 13-25 armino acids i length. In some embodiments, the peptide
is 15-18 aming acids in length.

(8132} In some cmbodiments, the peptide comprises an epitope of a cancer-
associated antigen. Examples of cancer-associated antigens include, but are not brnited to,
adipophilin, AIM-2, ALDHIAI, alpha-actinin-4, alpha-fetoprotein ("AFP”"), ARTCH, B-
RAF, BAGE-1, BCLX (1), BCR-ABL fusion protein b3aZ, beta-catenin, BING-4, CA-125,
CALCA, carcinoembryonic antigen ("CEA"), CASP-5, CASP-§, CD274, CD45, Cde27,
CDK12, CDK4, CDEN2A, CEA, CLPP, COA-1, CPSF, CSNK1AT, CTAGI, CTAGE,
cyclin D1, Cyelin-Al, dek-can fusion protein, DKK1, EFTUD2, Elongation factor 2,
ENAH (hMena), Ep-CAM, EpCAM, EphA3, epithclial tumor antigen ("ETA™), ETV6-
AML] fusion protein, EZH2, FGFS, FLT3-ITD, FN1, GZ50/MN/CAIX, GAGE-1,2,8,
GAGE-3,4,5,6,7, GAST, glypican-3, GnTV, ¢gpl00/Pmell7, GPNMB, HAUS3, Hepsin,
HER-2/neu, HERV-K-MEL, HLA-A 1L, HLA-A2, HLA-DORB, hsp70-2, 1DO1, IGF2B3,
1L13Ralpha?, Intestinal carboxyl esterase, K-ras, Kallikrein 4, KIF20A, KK-LC-1, KKECT,
KM-HN-1, KMHNT also known as CCDCHO, LAGE-1, LDLR-fucosyltransferascAS
fusion protein, Lengsin, M-CSF, MAGE-A1, MAGE-A10, MAGE-A12, MAGE-AZ,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-C1, MAGE-C2, malic enzyrue,
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mammaglobin-A, MART2, MATN, MCIR, MCSP, mdm-2, ME1, Melan-A/MART-1,
Meloe, Midkine, MMP-2, MMP-7, MUCT, MUCSAC, mucin, MUM-1, MUM-2, MUM-3,
Myosin, Myosin class I, N-raw, NARR-A, neo-PAP, NFYC, NY-BR-1, NY-ESO-1/LAGE-
2, 0A1, OGT, O8-9, P polypeptide, p33, PAP, PAXS, PBF, pmi-RARalpha fusion protein,
polyroorphic epithelial roucin ("PEM™), PPPIR3B, PRAME, PRDXS, PSA, PSMA,
PTPREK, RAB3IE/NY-MEL-1, RAGE-1, RBAF600, RGSS, RhoC, RNF43, RU2AS, SAGE,
sccernin I, SIRTZ, SNRPD, SOX10, Spi7, SPA17, 58X-2, S5X-4, STEAPI, survivin,
SYT-S8X1 or -S8X2 fusion protein, TAG-1, TAG-2, Telomerase, TGF-betaR1i, TPBG,
TRAG-3, Triosephosphate 1somerase, TRP-1/gp75, TRP-2, TRP2-INTZ, tyrosinase,
tyrosinase (“TYR™), VEGF, WT1, XAGE-1b/GAGED2a. In some embodiments, the
antigen is a neg-antigen.

16133} In some embodiment, the peptide comprises an epitope of an antigen
expressed by an infectious pathogen. In some embodiments, the pathogen is a virus, a
bacteria, a fungus, a helminth, or a protozoa For example, 1o sore erobodiments, the virus
ts HPV, HBV, hepatitis C Viras {HCV), retroviruses such as buman immunodeficiency
virus (HIV-1 and HIV-2), herpes virases such as Epstein Barr Virus (EBV),
cytomegalovirus {CMV), HSV-1 and HSV-2, and influenza virus. In some embodiments,
the parasite 1s malaria. In sorac erabodirnents, pathogen 1s dspergilfus, Brugia, Candida,
Chlamydia, Coccidia, Cryptococeus, Divofilaria, Gonococcus, Histoplasma, Leishmania,
Mvcobacterium, Mycoplasma, Paramecium, Pertussis, Plasmodium, Preumococcus,
Preumaocysiis, Ricketisia, Salmonella, Shigella, Staphviococcus, Streptococcus,
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 ducreyi, Granuloma inguinale, Lymphopathia venereum, Treponema pallidum,
Brucelia abortus. Brucella melitensis, Srucella suis, Brucella canis, Campvlobacter fetus,
Campylobacter fetus intestinalis, Leptospiva pomona, Listeria monocytogenes, Brucella
ovis, Chiamyvdia psittaci, Trichomonas foetus, Toxoplasma gondil, Escherichia coll,
Actinobacillus equuli, Salmonella abortus ovis, Salmonelia abortus equi, Pseudomonas
aervginosa, Corynebacterium equi, Corynebacterium pyogenes, Actinobaccilus seminis,

Mycoplasma bovigenitalium, Aspergillus fumigatus, Absidia ramosa, Trypanosoma
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equiperdum, Bahesia caballi, Clostridium tetani, Clostridium botulinum; or, a fungus, such
as, e.g., Paracoccidioides brasiliensis; or other pathogen, e.g., Plasmodium falciparum.
16134] In some embodiments, the peptide comprises an epitope of an protein that i3
the target of an autoreactive T cell in an inflammatory disease, skin or organ transplantation
rejection, graft-versus-host discase (GVHD), or autoiramune discases. Examples of
autoimmune diseases inchade, for example, glomeralar nephritis, arthritis, dilated
cardioryopathy-like discase, ulceous colitis, Sjogren syndrome, Crohn disease, systemic
erythematodes, chronic rheumatoid arthritis, multiple sclerosis, psoriasis, allergic contact
dermatitis, polymyosits, pachyderma, periarteritis nodosa, rheumatic fever, vitiligo vulgaris,
insulin dependent diabetes mellitus, Behceet discase, Hashimoto discase, Addison disease,
dermatomyositis, myasthenia gravis, Reiter syndrome, Graves' discase, anacmia perniciosa,
Goodpasture syndrome, steriity disease, chronic active hepatitis, pemphigus, autoimmune
thrombopenic purpura, and autoimmune hemolytic anenia, active chronic hepatitis,
Addison’s disease, anti-phosphohipid syndrome, atopic allergy, autoimmune atrophic
gastritis, achlorhydra autoimmune, celiac disease, Cushing’s syndrome, dermatomyositis,
discoid lupus, erythematosis, Goodpasture's syndrome, Hashimoto's thyroiditis, idiopathic
adrenal atrophy, idiopathic thrombocytopenia, insulin-dependent diabetes, Lambert-Eaton
syndrorae, lupoid hepatitis, some cases of lymphopenia, mixed connective tissuc disease,
pemphigowd, pemphigus vulgans, permicious anema, phacogenic uveitis, polyarteritis
nodosa, polyglandular autosyndromes, primary biliary cirrhosis, primary sclerosing
cholangitis, Raynaud’s syndrome, relapsing polychondritis, Schruidt's syndrome, hmited
scleroderma {or crest syndrome), sympathetic ophthalmia, systemic lupus erythematosis,
Takayasu's arteritis, tomporal arteritis, thyrotoxicosis, type b insulin resistance, ulcerative
colitis and Wegener's granulomatosis. Exemplary proteins include targeted by autoreactive
T cells include, for example, p203, insulin, thyroid-stimulating hormone, tyrosinase, TRP1,
and myelin.

[8135] In some cmbodiments, the genetically roodified non-human animal s
exposed to the peptide by administering to the von-human anumal with a virus {e.g,, a
retrovirus, an adenovirus, a vaccinia virus or g lentivirus ) comprising a nucleic acid
sequence encoding the peptide. Methods for viral vaccination are provided, for example, in
U.S. Pat. Nos, 6,001,349, 8,663,622, 8,691,502, 8,377,088, as well as Precopio ef al, JEM

204:1405-1416 (2007}, cach of which is hereby incorporated by reference in ifs entirety. In

- 50 -



WO 2016/044745 PCT/US2015/050975

some embodiments, the nou-human animal 1s administered the virus divectly, such that the
non-human animal processes the antigen and presents it on its MHC, In some embodiments,
a cell {e.g., an antigen presenting cell, such as a dendritic cell) is tnfected with the virus in
vitro or ex vive which is then administered to the non-human animal. In some
embodiments, the virus encodes a peptide/MHC complex {e.g., & single-chain peptide/MHC
complex). Hxamples of single-chain peptide/MHC based vaccines are provided in Truscott
et al, J Immunol, 178:0280-6289 (2007, EP1773383, Kim ¢f al., Vaccine 30:2178-2186
{2012y, Kim et al., J. Immunol. 184:4423-4430 (2010}, cach of which are hereby
meorporated by reference

[3136] In some embodiments, the genetically modified non-human animal is
exposed to the peptide by administering to the animal a nucleic acid encoding the peptide
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. Examples of single-chain peptide/MHC based vaccines are provided in Truscott
ot al., J. Immunol, 178:6280-6289 (20073, EP1773383, Kim ef al,, Vaccine 33:2178-2186
2012y, Kim et al., J. Immunol. 184:4423-4430 (2010), cach of which are hercby
incorporated by reference. In certain embodiments, the nucleic acid is a BNA vector. The
delivery of nucleic acids can be by any technique known in the art including viral mediated
gene trausfer and liposome mediated gene transfer. A polynucleotide of inferest is
associated with a liposome to form a gene delivery vehicle as described in, for example,
U.S. Pat. Nos. 6,770,291, 7,001,614, 6,749,863, 5,512,295 and 7,112,338, cach of which is
hereby incorporated by reference. In some embodiments, the nucleic acid 1s an mRNA
vector. Exemplary methods for generating and administering mRNA vectors are deseribed
in, for example, U.S. Pat. No. 8,278,030 and U.S. Pat. Pub. Nos. 2813/151736 and
2012/135805, each of which is hereby mcorporated by reference.

16137] In some embodiments, the genetically modified non-human animal is
exposed to the peptide by admunistering to the genctically moditied non-human animal a
peptide/MHC complex. In some embodiments, the non-human amimal is admimstered a
single chain peptide/MHC complex {e.g., a single chain ecto-MHC/B-2-
microglobulin/peptide protein complex). In sorne embodiments, the peptide/MHC complex
is administered as a multimer {e.g., dimer, a trimer, a tetramer). In some embodiments, the

peptide/MHC complex is present on the surface of a cell. Exemplary methods for
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generating and administening peptide/MHC coraplexes are provided in U.S. Pat. Nos.
6,045,796, 5,869,270 and 7,141,656, as well as Truscott et al., J. Immunol. 178:6280-6289
(2007, EP1773383, Kim et af,, Vaccine 30:2178-2186 (2012), Kim ef al, J. fmmunol.
184:4423-4430 (2010) and Livingstone Methods: A Companion to Methods in Enzymology
9:422-429 (1996), cach of which is hereby incorporated by reference.

18138} In some embodiments of the methods described herein, the method 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 certain embodiments, any method known in
the art can be used to obtain such T cells, For example, such T cells can be obtained from
the spleen, lymph nodes and/or peripheral blood of the animal. Such T cells can be screened
for binding specificity using methods available in the art. For example, cells expressing a
CAR specific for a specific peptide/MHC complex can be purified using peptide MHC
complex loaded onto a solid support, such as a column or beads, such as magnetic beads, or
fabeled peptide/MHC can be used to stain such T cells, which then can be purified using
fluorescence-~activated cell sorting (FACS) and/or magnetic-activated cell sorting {MACS).
16139} In some embodiments, the methods described herein inchude the step of
making a T cell hybridoma from a T cell. Methods useful for making a T cell hybridoma
are known in the art and described, for example, in Hedrick ef af,, Celi 30:141-152 {1982)
and Kruisheek Curr. Protoc. fmmunol. Chapter 3 (2001) and White et af., Methods in
Molecular Biology 134:185-193 (2000}, each of which 18 hereby incorporated by reference.
16146} In some embodiments, the methods provided herein toclude the step of
isolating a nucleic acid encoding an Ig variable domain of a CAR from a T cell. In some
cmbodiments of the methods deseribed herein, any method can be used to isolate the
nucleic acid comprising encoding the Ig variable domain.

0141} In some embodiments, the step of 1solating 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. For example, in sore erobodiraents the nucleic acid amplification
process 18 polymerase chain reaction (PCR}, ligase chain reaction (LCR), strand
displaceroent amplification (8D A), transcription mediated arophfication (TMA), self-

sustained sequence replication (3SR}, QP replicase based amplification, nucleic acid
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sequence-based amplification (NASBA), repair chan reaction {RCR), boorocrang DNA
amplification (BDA) or rolling circle amplification (RCA).

[6142] In some embodiments, the nucleie acid 1s isolated by sequencing the
rearranged fg variable region gene in a CAR locus of the T cell or the T cell hybridoma and
synthesizing a muecleie acid sequence coraprising the rearranged fg variable region gene.
Exemplary nucleic acid sequencing processes include, but are not limtted to chain
termination sequencing, sequencing by ligation, sequencing by synthesis, pyrosequencing,
ion semiconductor sequencing, single~-moleculde real-time sequencing, 454 sequencing,
and/or Dilute-"N'-Go sequencing.

3143 Once DNA fragments encoding a beavy and light chain Ig variable region
scgments are obtained, these DNA fragments can be further manipulated by standard
recorabinant DNA techniques, for example to convert the variable region genes to full-
fength antibody chain genes, to Fab fragment genes or to a scFv gene. In these
manipulations, a variable domam-encoding DNA fragroent 1s operatively hoked to another
DNA fragment encoding another protein, such as an antibody constant domain or a flexible
Huker. The terrn “operatively hinked”, as used in this context, is intended to racan that the
two DNA fragments are joined such that the amino acid sequences encoded by the two
DNA fragments remain in-frame.

18144} The isolated DNA encoding the heavy chain variable domain can be
converted to a full-length heavy chain gene by operatively linking the variable domain-
encoding DNA to another DNA molecule encoding heavy chain constant dorains (CHI,
(CH?2 and CH3). The sequences of human heavy chain constant region genes are known in
the art {sce e.g., Kabat, E. A, er al. {1991} Scquences of Proteins of Irirmunoclogical
Interest, Fifth Edition, U.S. Department of Health and Human Services, NHH Publication
No. 91-3242) and DNA fragments cncompassing these regions can be obtained by standard
PCR amplification. The heavy chain constant domain can be an 1gG1, 1gG2, 1gG3, 1gG4,
IgA, IgE, TgM or IgD constant doraain, but most preferably s an IgG1l or IgG4 constant
doraain. For a Fab fragment heavy chain gene, the Vig-encoding DNA can be operatively
linked to another DNA molecule encoding only the heavy chain CHI constant domain.
[6145] The isolated DNA encoding the light chain Ig variable domain can be
converted to a full-length light chain gene (as well as a Fab light chain gene) by operatively

hinking the variable domain-encoding DNA to another DNA molecule encoding the hight
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chain constant domain, such 48 a x or A constant dormain. The sequences of human light
chain constant region genes are known in the art (sce e.g., Kabat, E. A, er o/ (1991)
Sequences of Proteins of Imrmounological oterest, Fifth Edition, U.S. Department of Health
and Human Services, NIH Publication No. 91-3242) and DNA fragments encompassing
these regions can be obtained by standard PCR amplification.

18146} Thus, in some embodiments, the methods described herein inchude the step
of operably linking a nucleic acid sequence encoding a heavy chain Ig vartable domain with
a nucleic acid sequence encoding a heavy chain Ig constant domain in a host cell such that
the host cell expresses an Ig heavy chain polypeptide coruprising the Ig heavy chain
variable domain and the Ig heavy chain constant domain. In some embodiments, the
nmethod inchudes the step of operably linking a nucleic acid sequence encoding a light chain
1g variable dorsain with a nucleie acid sequence encoding a hght chain Ig counstant 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 counstant domain. In some
embodiments, the method includes the step of operably linking a nucleic acid sequence
encoding a 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 sucleic acid sequence
encoding a light chain Ig varigble domain with a nucleic acid sequence encoding a hght
chain Ig constant domain in the host cell such that the host cell expresses an antibody
having a heavy chain comprising the heavy chain Ig variable domain and the heavy chain ig
constant dorain and a light chain coraprising the light chain Ig variable domain and the
fight chain g constant domain. {g variable regions can be linked with Ig constant regions
using standard molecular biclogy techniques well known 1o the art. In some cmbodiments,
any host cell capable of expressing an immunoglobulin polypeptide can be used. In some
embodiments the cell is a CHO cell, a HEK-293 cell, a BHE cell, a NSO cell, a SP2/0 cell
ora Vero cell.

16147} In some cmbodiments, the methods provided herein include the step of
operably Hokiog a nucleic acid sequence cucoding a 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) 1o 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 erabodiments, the methods include operably hinking 2
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nucleic acid sequence cocoding a light chain Ig variable domain with a nucleic acid
sequence encoding a TCR constant domain {e.g., a TCRJ constant domain or a TCRa
constant dornain) in a cell {e.g, a haman cell, such as a human T cell) such that the cel
expresses a CAR polypeptide comprising the Ig Hght chain variable domain and the TCR
constant domain. In some embodiments, the methods mclude operably linking a nucleic
acid sequence encoding a heavy chain Ig variable domain and a first TCR constant domain
{e.g., a TCRP constant domain or a TCRo constant domain) in a cell (e.g., a human cell,
such as a human T cell) and operably linking a nucleic acid sequence encoding a light chain
Ig variable domain and a nucleic acid sequence encoding a second TCR constant domain
{e.z., a TCRP constant domain if the first TCR constant domain is a TCRg constant domatn
or a TCRa constant domain if the first TCR constant domain is 2 TCRP constant domain) in
the cell such that the cell expresses an CAR having a first CAR chain polypeptide
comprising the heavy chain Ig variable domain and the first TCR constant domain and a
second CAR polypeptide comprising the light chain [g variable dovoain and the second
TCR constant domain. In some embodiments, the TCR constant domains are human TCR
constant dornains. Ig vanable regions can be linked with TCR constant regions using
standard molecular biology techniques well known in the art. In some embodiments, the
ceil 1s an ex-vive cell {e.g., an ex vivo human cell, such as an ex vivo human T cell) isolated
from a sabject,

Antibodies

16148 In certain aspects, provided herein are antibodies that bave binding
specificity for a peptide/MHC complex (e.g., a peptide/class | MHC complex ora
peptide/class T MHC complex). In some embodiments, the antibodies are fully human. In
some embodiments, the CARS are obtainable and/or obtained according to a method
described herein {e.g., using a non-human animal comprising CAR loct as described
herein}.

[6149] In certain embodiments, the antibodies and antibody fragments provided
hervein are able to specifically bind a peptide/MHC complex with a dissociation constant of
no greater than 10,107, 10 or 107 M. In some embodiments, the binding affinity of the
antibody to a peptide/MHC complex (as expressed by Kp) is at least 10 fold less, at least
100 fold less or at least 1000 fold less than the affinity of the antibody for the peptide for

the same MHC protein presenting an unrelated peptide. Standard assays to cvaluate the
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binding ability of the auntibodies are known 1o the art, including for example, ELISAs,
Western blots and RIAs. The binding kinctics {e.g., binding affinity} of the antibodics also
can be assessed by standard assays known in the art, such as by Biacore analysis.

#1506 In some cmbodiments, the antibody is specific for a peptide/MHC class {
complex. In some embodiments, the MHC class 1is HLA-A, HLA-B, HLA-C, HLA-E,
HLA-F or HLA-G. In some embodiments, the peptide is 8-10 amino acids in length.

18151} In some embodiments, the antibody 18 specific for a peptide/MHC class 1
complex. In some embodiments, the MHC class 11 is HLA-DM, HLA-DO, HLA-DP, HLA-
DQ or HLA-DR. In some embodiments, the peptide 1s 10-25 armno acids m length. In some
embodiments, the peptide 1s 13-25 amino acids in length. In some embodiments, the peptide
is 15-18 amino acids in length.

16152] In some ernbodiments, the peptide comprises an epitope of a cancer-
associated antigen. Examples of cancer-associated antigens include, but are not limited to,
adipophilin, AIM-2, ALDHIAI, alpha-actinin-4, alpha-fetoprotein ("AFP”), ARTCL, B-
RAF, BAGE-1, BCLX (L), BCR-ABL fusion protein b3a2, beta-catenin, BING-4, CA-123,
CALCA, carcinoembryonic antigen ("CEA™), CASP-5, CASP-8, D274, CD45, Cdel7,
CDK12, CDK4, CDKN2A, CEA, CLPP, COA-1, CPSF, CSNKI1AL, CTAGI, CTAGZ,
cyclin D1, Cyclin-Al, dek-can fusion protein, DKKI, EFTUDZ, Elongation factor 2,
ENAH (bMena), Ep-CAM, EpCAM, EphA3, eptthelial tumor antigen ("ETA”), ETV6-
AMLI fusion protein, EZHZ, FGFS, FLT3-1TD, FN1, G250/MN/CAIX, GAGE-1,2.8,
GAGE-3,4,5,6,7, GASY, glypican-3, GnTV, gpl00/Pmell7, GPNMB, HAUSS, Hepsin,
HER-2/neu, HERV-K-MEL, HLA-A1L, HLA-A2, HLA-DOB, hsp70-2, IDOI, IGF2B3,
IL13Ralpha2, Intestinal carboxyl esterase, K-ras, Kallikrein 4, KIF20A, KK-LC-1, KKLCI,
KM-HN-T, KMHN1 also known as CCDCHI0, LAGE-1, LDLR-fucosyliransferaseAS
fusion protein, Lengsin, M-CSF, MAGE-A1, MAGE-A1(, MAGE-A12, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-AS, MAGE-C1, MAGE-C2, malic enzyme,
mammaglobin-A, MART2, MATN, MCIR, MCSP, mdm-2, ME1L, Meclan-A/MART-1,
Meloe, Midkine, MMP-2, MMP-7, MUC1, MUCSAC, mucin, MUM-1, MUM-2, MUM-3,
Myosin, Myosin class {, N-raw, NA8S-A, neo-PAP, NFYC, NY-BR-1, NY-ESG-1/LAGE-
2, OAL, OGT, 0S-9, P polypeptide, pS3, PAP, PAXS, PBF, pral-RARalpha fusion protein,
polymorphic epithelial mucin ("PEM™), PPPIR3B, PRAME, PRDXS, PSA, PSMA,
PTPRK, RAB3IS/NY-MEL-I, RAGE-1, RBAF600, RGSS, RhoC, RNF43, RU2AS, SAGE,
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secermin 1, SIRT2, SNRPD1, SOX10, Spl7, SPAT7, SSX-2, 88X-4, STEAPT, survivin,
SYT-88X1 or -88X2 fusion protein, TAG-1, TAG-2, Telomerase, TGF-betaR1l, TPBG,
TRAG-3, Triosephosphate isoraerase, TRP-1/gp73, TRP-2, TRP2-INTZ, tyrosinase,
tyrosinase (“"TYR”), VEGF, WT1, XAGE-1W/GAGED2a. In some embodiments, the
antigen is a nco-antigen.

3153 In some embodiment, the peptide comprises an epitope of an antigen
expressed by an infectious pathogen. In some embodiments, the pathogen is a virus, a
bacteria, a fungus, a helminth, or a protozoa For example, in some embodiments, the virus
18 HPV, HBV, hepatitis C Virus (HCV), retroviruses such as human imrounodeficiency
virus (HIV-1 and HIV-2), herpes viruses such as Epstein Barr Viras (EBV},
cytomegalovirus (CMV), HSV-1 and HSV-2, and influenza virus. In some embodiments,
the parastite is malaria. In some embodiments, pathogen is Aspergiflus, Brugia, Candida,
Chilamyvdia, Coccidia, Crvptococcus, Divofilaria, Gonococcus, Histoplasma, Leishmania,
Mycobacterium, Mycoplasma, Paramecium, Pertussiz, Plasmodium, Pneumococcus,
Preumocystis, Rickettsia, Salmonella, Shigella, Staphviococcus, Streptococcus,
Toxoplasma and Vibriocholerae. Excraplary species include Neisseria gonorrhea,
Mycobacterium tuberculosis, Candida albicans, Candida tropicalis, Trichomonas
vaginalis, Haemophiius vaginalis, Group B Streptococcus sp., Microplasma hominis,
Hemaophilus ducrevi, Granuloma inguinale, Lymphopathia venereum, Treponema pallidum,
Brucella abortus. Brucella melitensis, Brucella suis, Brucella canis, Campylobacter fetus,
Campylobacter fetus intestinalis, Leptospiva pomona, Listeria monocytogenes, Srucella
ovis, Chlamyvdia psittaci, Trichomonas foetus, Toxoplasma gondii, Escherichia coli,
Actinobacillus equuli, Salmonelia abortus ovis, Saimonella abortus equi, Pseudomonas
aeruginosa, Corvnebacterium eqid, Corvanebacterium pyogenes, Actinobaccilus seminis,
Mycoplasma bovigenitalium, Aspergillus fumigatus, Absidia ramosa, Trypanosoma
equiperdum, Babesia caballi, Clostridium tetani, Clostridium borulinum; or, a fungus, such
as, e.g., Paracoccidioides brasifiensis; or other pathogen, e.g., Plasmodium falciparum.
18154] In some embodiments, the peptide comprises an epitope of an protein that is
the target of an autoreactive T cell in an inflammatory disease, skin or organ transplantation
rejection, grafi-versus-host disease (GVHD), or autoimmune diseases. Examples of
autoimmune diseases inchude, for example, glomerular nephritis, arthritis, dilated

cardiomyopathy-like discase, ulceous colitis, Sjogren syndrome, Crohn discase, systemic

- 57 .



WO 2016/044745 PCT/US2015/050975

ervthematodes, chronic rheumatoid arthritis, multiple sclerosis, psoriasis, allergic contact
dermatitis, polymyosiis, pachyderma, periarteritis nodosa, rheumatic fever, vitiligo vulgaris,
insulin dependent diabetes mellitus, Behcet disease, Hashimoto disease, Addison disease,
dermatomyositis, myasthenia gravis, Reiter syndrome, Graves' disease, anacmia perniciosa,
Goodpasture syndrome, sterility disease, chronic active hepatitis, peraphigus, autoimurune
thrombopenic purpura, and autoimmune hemolytic anemia, active chronic hepatitis,
Addison's discase, anti-phospholipid syndrome, atopic allergy, antoimraune atrophic
gastritis, achlorhydra autoimmune, celiac disease, Cushing’s syndrome, dermatomyositis,
discoid hapus, erythematosis, Goodpasture's syndrorue, Hashimoto's thyroiditis, idiopathic
adrenal atrophy, idiopathic thrombocytopenia, insulin-dependent diabetes, Lambert-Eaton
syndrome, lupoid hepatitis, some cases of lymphopenia, mixed connective tissue discase,
pemphigoid, pemphigus vulgaris, pernicious ancma, phacogenic uveitis, polyarteritis
nodosa, polyglandular autosyndromes, primary biliary cirrhosis, primary sclerosing
cholangitis, Raynaud’s syndrome, relapsing polychondritis, Schmidt's syndrome, Himuted
scleroderma (or crest syndrome), sympathetic ophthalmia, systemic lupus erythematosis,
Takayasu's arteritis, temporal arteritis, thyrotoxicostis, type b msulin resistance, uleerative
colitis and Wegener's granulomatosis. Exemplary proteins include targeted by autoreactive
T cells include, for example, p205, insulin, thyroid-stimulating hormone, tyrosinase, TRPI,
and myehn.

[3155] In some embodiments, the antibodies provided herein comprise human
heavy chain variable domains. In some embodiments, the antibodics comprise haman heavy
chain constant domains. In some embodiments, the antibodies provided herein comprise a
1gGl, 1gG2, 1gG3, 1g(G4, IgA, IgE, IgM or IgD constant domain. The scquences of human
beavy chain constant domains are known in the art (see e.g,, Kabat, E. A, er al. (1991)
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health
and Human Services, NIH Publication No. 91-3242). In some embodiments, the antibodies
provided herein fack a heavy chain constant domain or a portion thereof,

13156} In some cmbodiments, the antibodies provided heren coraprises a modified
Fc domain {e.g.,. 2 mmtation that alters the interaction between the Fe and a Fe receptor).
For example, in some embodiments, the antibodies provided herein comprise modification
to their Fc domain at position 235, 2306, 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
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some embodiments, the modification is selected from the group consisting of L235A,
G236E, G237F, S2Z39E, S239D, D265E, D2635S, 8267E, 82670, S267G, H268E, H268D,
E269L, D270N, D270E, S298A, K326A, K326, A327H, A327V, A3271L, A3301, A3308,
1332E, T350V, L351Y, T366L, K392M, K392L, T3%4W, F4035A and/or Y407V {(using the
EU nurnbering system). In some embodiments, the antibodies comprise multiple
modifications to their Fe domain. In some embodiments, the multiple modifications are
sclected from the group consisting of D270N/K326D, S239E/S298A/K326A/A327H,
235A/823GE/D26SE/AS2TH, G236E/G237F/8239E, G237F/S239E/D265E,
(G327F/S239E/H268D, G236E/D2TON/A32TV/IZ32E, G237F/R239E/A327TH
F23TF/A3ZTL/AZ30L, SZ39D/D2655/8298A/I332E, S230E/D2655/H208VI332E,
S239E/D265S/1332E, 8239E/S267E/H268D, SZ39E/A3271L/A3301, D265E/S267TD/A3308S,
S267G/H26RE/D2T0E, H268DVEZ69L/S29RA/KI326A/A32TH, H268D//K326A/A327H.

7

Additional Fc medifications 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, 8,216,803, 8,218 ,K05,
8,388,955 and 8,937,158, and U.S. Patent Publication Nos. 2005/0054832, 2006/0222653,
2006/0275282, 2006/0275283, 2007/0190063, 2008/0154025, 2009/0042291
2013/0108623 and 2013/0089541, cach of which 18 hereby incorporated by refercnce.
181571 In some embodiments, the antibody is a bi-specific antibody. In some
embodiments, In some embodiments, the two antigen binding domains of the bi-specific
antibody have distinet heavy chaim variable domains but have ideotical hight chain variable
domains. In some embodiments, the Fe domains of the heavy chains comprise
modifications to facilitate heavy chain heterodimer formation and/or to imhibit heavy chain
homodimer formation. Such modifications are provided, for example, in U.S. Pat. Nos.
5,731,168, 5,847,706, 5,821,333, 7,642,228 and §,679,785 and in U.S. Pat. Pub. No.
2013/0195849, each of which is hereby incorporated by reference.
[B158] In some cmbodiments, the antibodies provided hercin have human light
chain variable domains. In some embodiments, the light chamn 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 sorne crabodiraents, the light chain constant domains are « light chain
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counstant domains. The sequences of human hght chain constant domains are known in the
art (sec e.g., Kabat, E. A, ef /. (1991) Sequences of Proteins of Immunological nterest,
Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-
3242

13159} In some embodiments, the antibodies described herein are intact anfibodies.
In some embodiments, the antibodies described heretn are antibody fragment that retain
antigen binding. In sore embodiments, the antibody fragment is g Fab, Fab', F{ab'),, Fv,
scv, disulfide tinked Fv, ¥d, single~-chain antibodies, isolated CDRH3 or another antibody
fragroent that retain at least a portion of the variable domain of an ntact antibody.
Chimeric Anfigen Recepiors

8166} In certain aspects, provided herein are chimeric antigen receptors (CARs)
having binding specificity for a peptide/MHC complex {e.g., a peptide/class | MHC
complex or a peptide/class I MHC complex). In some embodiments, the CARS are fully
huran. In some embodiments, the CARSs are obtaimable and/or obtained according to a
method described herein {(e.g., using a non-human animal comprising CAR loct as
described herein).

16161} In some embodiments, the CAR binds to the peptide/MHC complex with an
affinity corresponding to a K, of less than 107 M, 10° M or 107 M. In some embodiments,
the binding affinity of the CAR to a peptide/MHC complex (as expressed by Kp) is at least
10 fold less, at least 100 fold less or at least 1000 fold less than the affinity of the CAR for
the peptide when not presented by the MHC. In some embodiments, the binding affinity of
the CAR to a peptide/ MHC complex (as expressed by Kp} is at least 10 fold less, at {east
100 fold less or at least 1000 fold less than the affinity of the CAR for the peptide for the
same MHC protein presenting an unrelated peptide. Standard assays to evaluate the binding
ability of CARs are known in the art, including for example, ELISAs, Western blots and
RIAs. The binding kinetics {e.g,, binding affinity) of the CARs also can be assessed by
standard assays known in the art, such as by Biacore analysis.

18162} In some cmbodiments, the CAR is specific for a peptide/MHC class |
complex. In some embodiments, the MHC class 1 is HLA-A, HLA-B, HLA-C, HLA-E,
HILA-F or HLA-G. v soroe erobodiroents, the peptide 18 8-10 amino acids in length.
[#163] In some cmbodiments, the CAR is specific for a peptide/MHC class {
complex. In some embodiments, the MHC class It is HLA-DM, HLA-DO, HLA-DP, HLA-
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DO or HLA-DR. In some embodiments, the peptide is 10-23 amino acids in length. Insome
embodiments, the peptide is 13-25 amino acids in length. In some embodiments, the peptide
is 15-18 aroino acids in length,

[6164] In some embodiments, the peptide compriscs an epitope of a cancer-
associated antigen. Examples of cancer-associated antigens include, but arc not hirnited to,
adipophilin, AIM-2, ALDHIAL, alpha-actinin-4, alpha-fetoprotein (“AFP”), ARTCH, B-
RAF, BAGE-1, BCLX (L), BCR-ABL fusion protein b3aZ2, beta-catenin, BING-4, CA-125,
CALCA, carcinoembryonic antigen ("CEA”), CASP-3, CASP-R, CD274, CD45, Cdel7,
CDK12, CDK4, CDKN2A, CEA, CLPP, COA-1, CPSF, CSNK 1AL, CTAGI, CTAGZ,
cyclin D1, Cyelin-Al, dek-can fusion protein, DKK1, EFTUD2, Elongation factor 2,
ENAH (hMena), Ep-CAM, EpCAM, EphA3, epithelial tumor antigen ("ETA™), ETV6-
AMLI fusion protein, EZH2, FGFS, FLT3-ITD, FNI1, G250/MN/CAIX, GAGE-1,2,8,
GAGE-3,4,5,6,7, GAST, glypican-3, GnTV, ¢pl100/Pmell7, GPNMB, HAUS3, Hepsin,
HER-2/neu, HERV-K-MEL, HLA-A 1L, HLA-A2, HLA-DORB, hsp70-2, 1DO1, IGF2B3,
1L13Raipha?, Intestinal carboxyl esterase, K-ras, Kallikrein 4, KIF20A, KK-LC-1, KKLCI,
KM-HN-1, KMHNI also known as CCDCHO, LAGE-1, LDLR-fucosyltransferascAS
fusion protein, Lengsin, M-CSF, MAGE-A1, MAGE-A10, MAGE-AT2, MAGE-A2,
MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-C1, MAGE-C?2, malic enzyrue,
mammaglobin-A, MART2, MATN, MCIR, MCSP, mdm-2, ME1, Melan-A/MART-1,
Meloe, Midkine, MMP-2, MMP-7, MUCT, MUCSAC, mucin, MUM-1, MUM-2, MUM-3,
Myosin, Myosin class I, N-raw, NARR-A, neo-PAP, NFYC, NY-BR-1, NY-ESO-1/LAGE-
2, 0A1, OGT, O8-9, P polypeptide, p33, PAP, PAXS, PBF, pmi-RARalpha fusion protein,
polyroorphic epithelial roucin ("PEM™), PPPIR3B, PRAME, PRDXS, PSA, PSMA,
PTPREK, RAB3IE/NY-MEL-1, RAGE-1, RBAF600, RGSS, RhoC, RNF43, RU2AS, SAGE,
sccernin I, SIRTZ, SNRPDIL, SOX10, Spi7, SPA17, 58X-2, S5X-4, STEAPI, survivin,
SYT-S8X1 or -S8X2 fusion protein, TAG-1, TAG-2, Telomerase, TGF-betaR1i, TPBG,
TRAG-3, Triosephosphate 1somerase, TRP-1/gp75, TRP-2, TRP2-INTZ, tyrosinase,
tyrosinase (“TYR”), VEGF, WT1, XAGE-1b/GAGED2a. In some embodiments, the
antigen is a neg-antigen.

[6165] In some embodiment, the peptide comprises an epitope of an antigen
expressed by an infectious pathogen. In some embodiments, the pathogen is a virus, a

bacteria, a fungus, 4 helminth, or a protozoa For exanmple, in some embodiments, the virus
- 5 3 X 3 b
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18 HPV, HBV, hepatitis C Viras {HCV), retroviruses such as buman imrounodeficiency
virus (HIV-1 and HIV-2), herpes viruses such as Epstein Barr Virus (EBV),
cytomegalovirus ({CMV), HSV-1 and HSV-2, and influcnza virus. lu sorme emobodiments,
the parasite is malaria. In some embeodiments, pathogen is Aspergiffus, Brugia, Candida,
Chiamvdia, Coccidia, Cryptococcus, Divofilaria, Gonococcus, Histoplasma, Leishmania,
Mvcohacterium, Mycoplasma, Paramecium, Pertussis, Plasmodium, Pneumococcus,
Preumocystis, Rickettsia, Salmonelia, Shigella, Staphviococcus, Streprococcus,
Toxoplasma and Vibriocholerae. Exemplary specigs inchude Neisseria gonorrhea,
Mycobacterium tuberculosis, Candida albicans, Candida tropicalis, Trichomonas
vaginalis, Haemophilus vaginalis, Group B Streptococcus sp., Microplasma hominis,
Hemophilus ducreyi, Granuloma inguinale, Lvmphopathia venereum, Treponema pallidum,
Brucella abortus. Brucella melitensis, Brucella suis, Brucella canis, Campviobacter fetus,
Campylobacter fetus intestinalis, Leptospiva pomona, Listeria monocytogenes, Brucella
ovis, Chiamyvdia psittaci, Trichomonas foetus, Toxoplasma gondii, Escherichia coli,
Actinobacillus equuli, Salmonella abortus ovis, Salmonelia abortus equi, Pseudomonas
aeriuginosa, Corynebacterium equi, Corynebacterium pyogenes, Actinobaccilus seminis,
Mycoplasma bovigenitalium, Aspergillus fumigatus, Absidia ramosa, Trypanosoma
equiperdum, Babesia caballi, Clostridium tetani, Clostridium botulinum; or, a fungus, such
as, e.g., Paracoccidioides brasiliensis; ov other pathogen, e.g., Plasmodium falciparum.
[3166] In some embodiments, the peptide comprises an epitope of an protein that is
the target of an avtoreactive T cell i an inflararoatory disease, skin or organ transplantation
rejection, graft-versus-host disease (GVHD), or autoimmmune discases. Examples of
autoimmune discases inchude, for example, glomerular nephritis, arthritis, dilated
cardiomyopathy-like disease, ulceous colitis, Sjogren syndrome, Crohn disease, systemic
erytheratodes, chronic rheumatoid arthritis, multiple sclerosis, psoriasis, allergic contact
dermatitis, polymyosits, pachyderma, periarteritis nodosa, rheumatic fever, vitiligo vulgaris,
msulin dependent diabetes meliitus, Behceet disease, Hashimoto disease, Addison disease,
dermatomyositis, myasthenia gravis, Reiter syndrome, Graves' disease, anacmia perniciosa,
Goodpasture syndrome, steritity disease, chronic active hepatitis, pemphigus, autoimmune
thrombaopenic purpura, and autoimmune hemelytic anemia, active chrouic hepatitis,
Addison's disease, anti-phospholipid syndrome, atopic allergy, autoimmune atrophic

gastritis, achlorhydra autoimmune, celiac disease, Cushing’s syndrome, dermatomyositis,
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discoid hapus, erythematosis, Goodpasture's syndrore, Hashimoto's thyroiditis, idiopathic
adrenal atrophy, idiopathic thrombocytopenia, insulin-dependent diabetes, Lambert-Eaton
syndrome, lupoid hepatitis, some cases of lyrmphopenia, roixed connective tissue discase,
pemphigoid, pemphigus vulgaris, pernicious anema, phacogenic uveitis, polyarteritis
nodosa, polyglandular autosyndroracs, primary biliary cirrhosis, primary sclerosing
cholangitis, Raynaud’s syndrome, relapsing polychondritis, Schmidt's syndrome, Himited
scleroderma (or crest syndromce), sympathetic ophthalmia, systermc lupus erythematosis,
Takayasu's arteritis, temporal arterttis, thyrotoxicosis, type b insulin resistance, ulcerative
colitis and Wegener's granulomatosis. Exeraplary proteins include targeted by autoreactive
T cells include, for example, p2035, nsulin, thyroid-stimulating hormone, tyrosinase, TRP1,
and myclin.

16167} In some embodiments, such CARs comprise a first CAR polypeptide
comprising an {g heavy chain variabic domain and a TCRP constant domain and a second
CAR polypeptide comprising an Ig light chain variable domain {e.g., an Ig « variable
domain or an Ig A variable domain} and a TCRo constant domain. In some embodiments,
the Ig heavy chain variable domain and/or the Ig hight chain variable domain are human Ig
variable domains. In some embodiments, the TCRP constant domain and/or the TCRy
constant domain are non-human constant domains {e.g., rat or mouse constant domains). In
some embodiments, the TCRP constant domain and/or the TCRa constant domain are
human constant domains. The Ig variable domains of the CAR can be generated using the
methods described herein or using any other method known in the art. For example, an anti-
peptide/ MHC antibody can be generated using a method known in the art (e.g., using phage
display or veast display) and then a nucleic acid sequence encoding the variable domains of
the antibody can be linked to TCR constant domain genes. Examples of antibodies having
binding specificity for peptide/MHC complexes and methods for producing such antibodies
are provided, for example, in U.S. Pat. Nos, 6,992,176, 7,718,777 and 8,815,528, as well as
in Stewart-Jones er al., Proc. Nat'l Acad. Sci. USA 106:5784-88 (2009) and Hulsmever ef
al.. J. Biol. Chem. 280:2972-80 (2003), cach of which is hereby mcorporated by reference.
Pharmacentical Compositions

16168] In certain erobodirents, provided herein is a composition, e.g., 4

pharmaceutical composition, containing at least onc agent described herein {e.g., an
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antibody described hercin and/or a CAR described herein) formulated together with a
pharmaceutically acceptable carrier.

[6169] The pharmaceutical corapositions provided herein may be specially
formulated for administration in solid or liquid form, including those adapted for the
following: (1) oral administration, for cxample, drenches (aqueous or non-aqucous
solutions or suspensions), tablets, e.g., those targeted for buccal, sublingual, and systemic
absorption, boluses, powders, granules, pastes for apphication to the tongue; or (2}
parenteral administration, for example, by subcutancous, intramuscular, intravenous or
epidural injection as, for example, a sterile solution or suspension, or sustained-relcase
forrmlation.

18176} Pharmaceutical compositions provided herein suitable for parenteral
administration coraprise one or wore agents described herein in combination with one or
more pharmaccutically-acceptable sterile isotonic aqueous or nonagqueous solutions,
dispersions, suspensions ot eraulsions, ot 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.

19171} Examples of suitable squeous and nonaqueous carricrs which may be
employed 1u the pharmaceutical compositions provided herein include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glyveol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
cthyl 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.

[6172] In certain ernbodirents, the compositions coraprise a an antibody and/or a
CAR described herein in a concentration resulting in a w/v appropriate for a desired dose.
The antibody and/or CAR may be present in the composition at a concendration of at least 1
wg/ml, at least 5 mg/mol,, at least 10 mg/ml., at least 15 mg/ml, at least 20 mg/ml., at least
25 mg/mL, at least 30 mp/mi., at lcast 35 mg/mL, at least 40 mg/mL, at least 45 mg/mL, at
least 50 mg/rol, at least 55 mg/md, at least 60 mg/ml, at least 65 mg/ml., at least 70
mg/mL, at least 75 mg/mL., at lcast 80 mp/mL, at least 85 mg/mL, at least 90 mp/mL, at

fcast 95 mg/ml, at least 100 mg/mL, at least 105 mg/mL, at least 110 mg/mL, at least 115
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wg/ml, at least 120 mg/rl, at least 125 vog/ml, at least 130 mg/ml, at least 135 mg/mi,
at least 140 mg/mL, at least 150 mg/mL, at least 200 mg/mL, at least 250 mg/ml, or at least
360 mg/ml..

[6173] In some cmbodiments, the composiion comprises one or more active
compounds as necessary for the particular indication being treated, typically those with
complementary activities that do not adversely affect cach other. Such additional active
compounds are suitably present in combination in amounts that are effective for the purpose
intended.

16174} In some cmbodiments, compositions are prepared by mixing an antibody
and/or CAR described herein with optional physiologically acceptable carriers, excipients
or stabilizers, including, but not hmited to buffering agents, saccharides, salts, surfactants,
solubilizers, polyols, dituents, binders, stabilizers, salts, lipophilic solveuts, arnino acids,
chelators, preservatives, or the like (Goodman and Gilman's The Pharmacological Basis of
Therapeutics, 12th edition, L. Brunton, ¢t al. and Remungton'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, excipionts, or stabilizers are
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
armmonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium
chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben;
catechol; resorcinol; cyclohexanol; 3-pentancl; and m-cresol); low molecular weight (less
than about 10 residucs) polypeptide; proteins, such as scrum alburmin, gelatin, or
immunoglobuling; hydrophilic polymers such as polyvinyipyrolidone; amino acids such as
glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including trehalose, glucose, mannese, 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).

[6175] In some cmbodiments, the buffering agent is histidine, citrate, phosphate,

glycine, or acctate. The saccharide excipient may be trehalose, sucrose, mannitol, maltose
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or raffinose. The surfactant may be polysorbate 20, polysorbate 48, polysorbate 80, or
Pluronic F68. The salt may be NaCl, KCl, MpCi2, or CaCl2

16176} 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 53X, 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 slall in
the art understands that the pH of a composition generally should not be equal to the
isoelectric point of the particular antibody or CAR to be used in the composition. Typicaily,
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 ¢itri¢ acid, ascorbic acid, gluconic acid, carbonic acid, tartaric acid, succinic acid,
acetic acid, or phthalic acid; Tris, tromcthamine 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. o certain embodiments, the buffering
agent is chosen from histidine, citrate, phosphate, glycine, and acetate. In a specific
cmbodiment, the butfering agent 1s histidine. In another specific embodiment, the butfering
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 hustidine or glycine as understood 1n the art, e.g., as described in The Merck Index,
13th ed., O'Neil et al. ed. (Merck & Co., 2001).

181774 In certain embodiments, the composition comprises histidine as a buffering
agent. In certain embodiments the histidine 1s present in the composition at a conceniration
of at least about 1 mM, at least about 5 mM, at least about 10 mM, at lcast about 20 mM, at

feast about 30 mM, at least about 40 mM, at least about 58 mM, at least about 75 mM, at
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fcast about 100 mM, at feast about 1530 mM, or at least about 200 M 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 §
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 180 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 73 mM,
between about 20 mM and about 50 mM, between about 20 mM and about 40 miM, or
between about 20 mM and about 30 mM histidine. In a further embodiment, the
composition comprises about 1 mM, about 5 mM, about 18 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 maM, 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 histiding,

13178} In some embodiments, the composition comprises a carbohydrate excipient.
Carbohydrate cxcipients can act, e.g., as viscosity erhancing 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 §.1% to about
20%, between about 0.1% to about 15%, between about §.1% to about 3%, 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 $.1% to
20%, between 5% to 15%, between 8% to 10%, between 10% and 15%, between 15% and
20%, between about §.1% to about 5%, between about 5% to about 10%, or between about
15% to about 20%. In still other specific embodiments, the carbohvdrate 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 153%, or at 20%.

18179} In some cmbodiments, the composition comprises a carbohydrate cxcipient.
Carbohydrate excipients suitable for use in the compositions include, but are vot himited to,
monosaccharides such as fructose, maltose, galactose, glucose, D-mannose, sorbose, and
the like; disaccharnides, such as lactose, sucrose, trehalose, cellobiose, and the hike;
polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches, and the

fike; and alditols, such as mannitol, xylitol, maktitol, lactitol, xylitol sorbitol {glucitol) and
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the like. Tu certain embodiments, the carbohydrate excipients for use n the composttions
provided herein are chosen from sucrose, trehalose, lactose, mannitol, and raffinose. Ina
specific ernbodiment, the carbobydrate excipient is trebalose. In another specific
embodiment, the carbohydrate excipient is mannitol. In yet another specific embodiment,
the carbohiydrate excipient 1s sucrose. In still another specific ernbodiment, the
carbohydrate excipient is raffinose. The purity of the carbohydrate excipient should be at
least 9896, or at least 99%, or at least 99.5%.

[61848] In some embodiments, the composttion comprises trehalose. In certain
cmbodiments, a cornposition 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 embediment, 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 33%, 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 1596, about 20%, about 30%, or about
4% trehalose. In a specific embodiment, a composition comprises about 4%, about 6% or
about 15% trehalose.

18181} In certain embodiments, the composition comprises an excipient. In a
specific embodiment, a composition compriscs 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 CaClZ,
and MgCl12. In a specific embodiment, the corposition comprises NaCl

3182} In some embodiments, the composition comprises an amino acid, e.g.,
tysine, arginine, glycine, histidine or an amino acid salt, The coraposition may comprise af
least about 1 mM, at least about 10 mM, at least about 25 mM, at least about 530 mM, at
fcast about 100 mM, at lcast about 150 mM, at lcast about 200 mM, at least about 250 mM,
at feast about 300 mM, at feast 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 160
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,
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between about 30 mM and about 3080 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 160 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 aming acid. In a further ernbodiment, a
compesition comprises about 1 mM, 1.6 mM, 25 mM, about 50 mM, about 100 mM, about
1530 mM, about 200 mM, about 250 mM, about 300 mM, about 350 mM, or about 400 mM
of an amino acid.

[6183] In some cmbodiments, 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 1onic group. Surfactants can be classified,
depending on the charge of the surface-active moicty, into anionic, cationic, and nonionic
sarfactants. Surfactauts are often used as wething, enmulsifying, solubilizing, and dispersing
agents for various pharmaceutical compositions and preparations of biclogical materials.
Pharmacecutically acceptable surfactants like polysorbates {e.g., polysorbates 20 or 80);
polyoxamers {e.g., poloxamer 188}; Triton; sodivm octyl glycoside; tauryl-, myristyl-,
tinoleyl-, or stearyl-sulfobetaine; laurvl-, myristyl-, hnoleyl- or stearyl-sarcosine; linoleyi-,
myristyl-, or cetyl-betaine; lauroarmidopropyl-, cocamidopropyl-, imolearmidopropyl-,
niyristamidopropyl-, palmidopropyl-, or isostearamidopropyl-betaine {e.g.,
laurcarmidopropyl);, myristamidopropyl-, palmidopropyi-, or isostearamidopropyl-
dimethylamine; sodium methyl cocoyl-, or disodium methy! oleyl-taurate; and the
MONAQUA® serics {Mona Industries, Inc., Paterson, N1}, polyethyl] glveol, polypropyl
glycol, and copolymers of ethylene and propylene glycol {e.g., PLURONICS® PF6R, etc.),
can optionally be added to the cornpositions to reduce aggregation. In certain embodiments,
a composition comprises Polysorbate 20, Polysorbate 40, Polysorbate 68, or Polysorbate
80. Surfactants arc particularly usetul if a pump or plastic container is used to administer
the corposition. 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 8.001% to about 1%, or about
0.001% to about §.1%, or about 0.01% to about 0.1%. In other specitic ecmbodiments, the

compositions comprise a polysorbate which is at a concentration of 0.001%, or $.002%, or
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$3.003%, or 8.004%, or 0.005%, or 0.006%, or 8.007%, or 0.008%, or $.009%, or 0.01%, or
0.015%, or 0.02%.

[6184] In some embodiments, the composttion comprises other excipients and/or
additives including, but not limited to, diluents, binders, stabilizers, lipophilic solvents,
preservatives, adjuvants, or the like. Pharmaceutically acceptable exeipients and/or
additives may be used in the compositions provided herein. Commonly used
excipionts/additives, such as pharmaceutically acceptable chelators (for example, but not
Hmited to, EDTA, DTPA or EGTA) can optionally be added to the compositions to reduce
aggregation. These additives arc particularly useful if a pump or plastic container 15 used to
administer the composition.

[B185] In some embodiments, the composition comprises a preservative.
Preservatives, such as phenol, m-cresol, p-cresol, o-cresol, chiorocresol, benzyl alcobol,
phenylmercuric nitrite, phenoxyethanol, formaldehyde, chlorobutanol, magnesium chloride
{(for example, but not limited to, hexahydrate), alkylparaben (methyl, ethyl, propyl, butyl
and the like}, benzalktonium chioride, benzethonium chloride, sodium dehydroacetate and
thiracrosal, or mixtures thereot can optionally be added to the compositions at any suitable
concentration such as between about $.001% to about 5%, or any range or value therein.
The concentration of prescrvative used in the cormpositions is a concentration sufficiont to
yield a microbial effect. Such concentrations are dependent ou the preservative selected and
are readily determined by the skilled artisan.

16186} In some embodiments, the composition is isotonic with human blood,
wherein the compositions have cssentially the same osmotic pressure as human blood. Such
isotonic compositions will generally have an osmotic pressure frora about 250 waOSm to
about 350 mOSm. Isotonicity can be measured by, for example, using a vapor pressure or
ice-freczing type osmometer. Tonicity of a composition 18 adjusted by the usc of tonicity
modifiers. "Tonicity modifiers” are those pharmacentically acceptable inert substances that
can be added to the composition to provide an isotonity of the cornposition. Tonicity
wmodifiers suitable for the compositions provided herein include, but are pot himited to,
saccharides, salts and amino acids.

16187} In certain erobodirents, the composition is a pyrogen-free composition
which is substantially free of endotoxins and/or related pyrogenic substances. Endotoxins

mclude toxins that are confined inside a mucroorganism and are released only when the
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microorganistos are broken down or die. Pyrogenic substances also inchude 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 adrmimistered pharmaceutical drug solutions. The Food & Drug
Administration ("FI3A”) 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)3:223 (2000)). When
therapeutic proteins are adrainistered 1o amounts of several hundred or thousand rotlligrars
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
erabodimeunts, the endotoxin and pyrogen levels in the coraposition are less than 10 EU/mg,
or less than 5 EU/mg, or less than | EU/mg, or less than 8.1 EU/mg, or less than 0.01
EUug, or less than 0.001 EU/mg.

1318%] When used for in vivo administration, the composition described herein
should be sterile. The composition may be sterilized by vartous sterilization methods,
including sterile filtration, radiation, etc. In certain embodiments, composition is filter-
stertlized with a presterthized 0.22-maicron filter. Sterile compositions for injection can be
formulated according to conventional pharmaceutical practice as deseribed in “Remmngton:
The Science & Practice of Pharmacy”, 21st ed., Lippincott Williams & Wilkins, (2005).
Compositions comprising proteins of nterest {e.g., antibodies or CARs) such as those
disclosed herein, ordinarily will be stored in lyophilized form or in solution. It i
contemplated that sterile compositions comprising proteins of mterest (e.g., antibody or
CAR) are placed into a container having a sterile access port, for example, an intravenous
solution bag or vial having an adapter that allows retricval of the composition, such as a
stopper pierceable by a hypodermic injection needle. In certain embodiments, a
composition 18 provided as a pre-filled syringe.

[8189] In certain embodiments, the composition is a lyophilized formulation. The
termn “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 motsture has been

removed.
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181946} Regardless of the route of adnunistration selected, agents provided herein,
which may be used in a suitable hydrated form, and/or the pharmaceutical compositions of
the provided herein, are formulated mto pharmaceutically~-acceptable dosage forms by
conventional methods known to those of skill in the art.

Therapeutic Methods

3191 In certain aspects, provided herein are methods of treating a disease or
disorder comprising administering to a subject an antibody or CAR described herein {e.g., a
fully human antibody that bas binding specificity to a peptide/MHC complex or a fully
huran CAR that has binding specificity to 4 peptide/MHC). In some embodiments, the
antibody and/or CAR is an antibody and/or CAR obtained from or obtainable using the
methods described herein (e.g., using a non-human animal comprising CAR loct as
described herein).

16192} In certain embodiments, provided herein are methods of treating cancer in a
sabject coraprising administering to the subject a pharmaceutical composition described
herein (e.g., a pharmaceutic composition comprising an antibody described herein, such as
a fully human antibody that has binding specificity to a peptide/MHC). In some
embodiments, the methods described herein can be used to treat any cancerous or pre-
cancerous tumor, Cancers that ruay treated by methods and corapositions described herein
include, but are not limuted to, cancer cells from the bladder, blood, bone, bone marrow,
brain, breast, colon, esophagus, gastrointestine, gum, head, kidney, hiver, fung,
nasopharynx, neck, ovary, prostate, skin, stomach, 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; carcinoma; carcinoma, undifferentiated; giant and spindle ceil
carcinoma; small cell carcinoma; papiilary carcinoma; squamous cell carcinoma;
tymphoepithclial carcinoma; basal cell carcinorna; pilomatrix carcinora; transitional cell
carcinoma; papillary transttional cell carcinoma; adenocarcinoma; gastrinoma, malignant;
cholangiocarcinoma; hepatocellular carcinoma; corabined hepatocellular carcinoma and
cholangiocarcinoma; trabecular adenocarcinoma; adenoid cystic carcinoma;
adenocarcinoma in adenomatous polyp; adenocarcinoma, familial polyposis coli; solid
carcinoma; carcinoid tumor, malignant; braunchiolo~alveolar adenocarcinoma; papillary
adenocarcinoma; chromophobe carcinoma; acidophil carcinoma; oxyphilic
adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma; granular cell carcinoma;
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follicular adenocarcinoma; papillary and follicular adenocarcinoma; nonencapsulating
sclerosing carcinoma; adrenal cortical carcinoma; endometroid carcinoma; skin appendage
carcinoma; apocrine adenocarcinoma; sebaceous adenocarcinoma; Cerurmnous
adenocarcinona; mucoepidermoid carcinoma; 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 discase,
mammary; acinar cell carcinoma; adenosquamous carcinoma; adenocarcinoma w/squamous
metaplasia; thymorna, malignant; ovarian stromal tumor, malignant; thecoma, malignant;
granulosa cell tumor, malignant; and roblastoma, malignant; sertoli cell carcinoma; leydig
cell tumor, malignant; lipid cell tumor, malignant; paraganglioma, malignant; cxtra-
maromary paraganghora, malignaot; pheochromocytoma; glomangiosarcoma; maliguant
melanoma; amelanotic melanoma; superficial spreading melanoma; malig melanoma in
giant pigroented nevus; epithehioid cell melanora; blue nevus, roalignant; sarcoma;
fibrosarcoma; fibrous histiocytoma, malignant; myxosarcoma; liposarcoma;
letomyosarcoma; rhabdomyosarcoma; embryonal thabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcoma; mixed tumor, malignant; maullerian mixed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner

tumor, malignant; phyllodes turoor, malignant; synovial sarcoma; mesothelioma, mahigoant;

dysgerminoma; embryonal carcinoma; teratoma, malignant; struma ovarii, malignant;
choriocarcinoma, mesonephroma, roalignant; hemangiosarcoma; hemangioendothelioma,
malignant; kaposi's sarcoma; hemangiopericytoma, malignant; lymphangiosarcoma;
osteosarcoma; juxtacortical osteosarcoma; chondrosarcorma; chondroblastoma, malignant;
mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma, malignant; ependymoma;
astrocytora; protoplasmic astrocytoma; fibrillary astrocytoma; astroblastoma;
ghoblastoma; oligodendroglioma; oligodendroblastoma; prinutive neuroectodermal,
cercbellar sarcoma; ganghioneuroblastoma; neuroblastoma; retinoblastoma; olfactory
neurogenic tumor; mentngioma, malignant; ncurofibrosarcoma; neurilemmoma, roalignant;
granular cell tumor, malignant; malignant lymphoma; Hodgkin's discase; Hodgkin's

tymphorna; paragranuloma; malignant lymphoma, small Iyraphoeytic; malignant
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fymphoroa, large cell, diffuse; malignant lyrophoma, follicular; mycosis fungotides; other
specified non-Hodgkin's fymphomas; malignant histiocytosis; multiple myeloma; mast cell
sarcoma; immunoproliferative small intestinal disease; leukemia; ymphoid leukemia,
plasima cell leukemia; erythroleukemia; lymphosarcoma cell leukemia; myeloid leukemia;
basophilic leukemia; cosinophilic leukemia; monocytic leukemia; mast cell leukemia;
megakaryoblastic leukemia; myeloid sarcoma; and hairy cell leukemia.

16193} In certamn embodiraents, the antibody and/or CAR in the pharmaceutical
composition administered to the subject has binding specificity for a peptide/MHC
complex, wherein the peptide comprises an epitope of a cancer-associated antigen {e.g., an
epttope expressed by the cancer being treated). Examples of cancer-associated antigens
mnclude, but are not limited to, adipophilin, AIM-2, ALDHIAL, alpha-actinin-4, alpha-
fetoprotein (“AFP”), ARTCI, B-RAF, BAGE-1, BCLX (L), BCR-ABL fusion protein
b3al, beta-catenin, BING-4, CA-125, CALCA, carcinoembryonic antigen ("CEA™}, CASP-
5, CASP-8, CD274, CD4S, Cde27, CDK12, CDK4, CDKNZA, CEA, CLPP, COA-1,
CPSF, CSNKIATL, CTAGE, CTAG2, cychin DM, Cyclin-Al, dek-can fusion protein, DKKI,
EFTUD2, Elongation factor 2, ENAH (hMcna), Ep-CAM, EpCAM, EphA3, epithelial
tumor antigen {(“ETA”), ETV6-AMLI fusion protein, EZHZ, FGF3, FLT3-ITD, FNI,
G250/MN/CATX, GAGE-1,2,8, GAGE-3,4,5.6,7, GAS7, ¢glypican-3, GnTV,
gpl00/Pmel 17, GPNMB, HAUS3, Hepsin, HER-Z2/nen, HERV-K-MFEL, HLA-A 1L, HLA-
A2, HLA-DOB, hsp70-2, IDOL, IGF2B3, IL13Ralpha?, Intestinal carboxyl esterase, Koras,
Kallikrein 4, KIF20A, KK-LC-1, KKLCT, KM-HN-1, KMHN1 also known as CCDBC116,
LAGE-1, LDLR-fucosyitransferaseAS fusion protein, Lengsin, M-CSF, MAGE-A1,
MAGE-A10, MAGE-A12, MAGE-AZ, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-AS9,
MAGE-C1, MAGE-C2, malic enzyme, mammaglobin-A, MARTZ, MATN, MCIR, MCSP,
madm-2, ME1, Melan-A/MART-1, Meloe, Midkine, MMP-2, MMP-7, MUCT, MUCSAC,
mucin, MUM-1, MUM-2, MUM-3, Myosin, Myosin class {, N-raw, NASS-A, neo-PAP,
NFYC, NY-BR-1, NY-ESO-1/LAGE-2, OA1, OGT, O5-9, P polypeptide, p53, PAP,
PAXS, PBF, prol-R ARalpha fusion protein, polymorphic epithelial roucin ("PEM™),
PPPIR3B, PRAME, PRDXS, PSA, PSMA, PTPRK, RAB38/NY-MEL-1, RAGE-1,
RBAF600, RGSS5, Rho(C, RNF43, RUZAR, SAGE, secernin 1, SIRT2, SNRPDH, SOX16,
Spl7, SPA17, S8X-2, §5X-4, STEAPI, survivin, SYT-58X1 or -88X2 fusion protein,
TAG-1, TAG-2, Telomerase, TGF-betaRIl, TPBG, TRAG-3, Trioscphosphate isomerase,
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TRP-1/gp75, TRP-2, TRP2-INTZ, tyrosinase, tyrosivase ("TYR”), VEGF, WT1, XAGE-
1b/GAGED2a. In some embodiments, the antigen 1S a neo-antigen.

16194} In certain erobodiments, provided herein are methods of treating a subject
suffering from an infection, including a viral infection, a fungal infection, a bacterial
mfection, a helminth infection, or g protozoan infection, comprising administering to the
subject a pharmaceutical composition described herein {e.g., a pharmaceutic composition
comprising an antibody described herein, such as a fully human antibody that has binding
specificity to a peptide/MHC}. In some embodiments, the method comprises the treatment
of viral infectious discases, including HPV, HBY, 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
sorae ewbodiments, the racthod comprises the treatment of parasites, such as malaria. In
some embodiments, the method comprises the treatment of bacterial, fungal and other
pathogentc diseases, such as Aspergillus, Brugia, Candida, Chiamydia, Coccidia,
Cryptococcus, Dirofilaria, Gonococcus, Histoplasma, Leishmania, Mycobacterium,
Mycoplasma, Paramecium, Pertussis, Plasmodium, Preumococcus, Preumocysiis,
Rickettsia, Salmonella, Shigella, Staphviococcus, Streptococcus, Toxoplasma and
Vibriocholerae. Excmplary specics include Neisseria gonorrhea, Mycobacterium
weherculosis, Candida albicans, Candida tropicalis, Trichomonas vaginalis, Haemophilus
vaginalis, Group B Streptococcus sp., Microplasma hominis, Hemophilus ducreyi,
Granuloma inguinale, Lymphopathia venereum, Treponema pallidum, Brucella abortus.
Brucelia melitensis, Brucella suis, Brucelia canis, Campylobacter fetus, Campylobacter
Jetus intfestinalis, Leptospira pomona, Listeria monocytogenes, Brucella ovis, Chlamydia
psittact, Trichomonas foetus, Toxoplasma gondii, Escherichia coli, Actinobaciilus equuli,
Salmonelia abortus ovis, Salmonella abortus egui, Pseudomonas aeruginosa,
Corvaebacterium equi, Corvaebacterium pyogenes, Actinobaccilus seminis, Mycoplasma
bovigenitalium, Aspergilius fumigatus, Absidia ramosa, Trvpanosoma equiperdum, Babesia
caballl, Clostridium tetani, Clostridium botulinum; or, a fungus, such as, e.g.,
Paracoccidivides brasiliensis; or other pathogen, e.g., Plasmodium falciparum.

[6195] In certain erobodiments, the antibody and/or CAR in the pharmaceutical

composition administered to the subject has binding specificity for a peptide/MHC
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complex, wherein the peptide comprises an epitope of an antigen expressed by an infectious
pathogen {e.g., an epttope expressed by the mfectious pathogen being treated).

16196] In some embodiments, provided herein 18 a rethod of treating an
inflammatory discase, skin or organ fransplantation rejection, graft-versus-host disease
{(GVHD), or automumune discases, comprising adroinistering to a subject a pharmaccutical
composition described herein (e.g,, a pharmaceutic composition comprising an antibody
described herein, such as g fully human antibody that has binding specificity to a
peptide/MHC). Examples of autotmmune diseases include, for example, glomernlar
nephritis, arthritis, dilated cardiomyopathy-like discase, ulceous colitis, Sjogren syndrorae,
Crohn discase, systemic erythematodes, chronic rheumatoid arthritis, multiple sclerosis,
psoriasis, allergic contact dermatitis, polymyosiis, pachyderma, periarteritis nodosa,
rheamatic fever, vitiligo vulgaris, insulin dependent diabetes melittus, Behceet discase,
Hashimoto disease, Addison disease, dermatomyositis, myasthenia gravis, Reiter syndroime,
Graves' disease, anactma perniciosa, Goodpasture syndrore, sterility discase, chrouic
active hepatitis, pemphigus, autoimmune thrombopenic purpura, and antoimmune
hemolytic anemia, active chronic hepatitis, Addison's discase, anti-phospholipid syndrome,
atopic allergy, auteimmune atrophic gastritis, achlorhydra autoimmune, celiac disease,
Cushing’s syndrome, dermatomyositis, discoid lupus, erythematosis, Goodpasture's
syndrorne, Hashimoto's thyroiditis, idiopathic adrenal atrophy, 1diopathic
thrombocytopenta, insulin-dependent diabetes, Lambert-Eaton syndrome, lupoid hepatitis,
soroe cases of lymphopenia, mixed connective tissue disease, peraphigoid, peraphigus
vulgaris, pernicious anema, phacogenic uveitis, polyarteritis nodosa, polyglandular
autosyndromes, primaary biliary cirrhosts, primary sclerosing cholangitis, Raynand’s
syndrome, relapsing polychondritis, Schmidt's syndrome, limited scleroderma {(or crest
syndrome), sympathetic ophthalmia, systemic lupus crythematosis, Takayasu's arteritis,
temporal arteritis, thyrotoxicosis, type b insulin resistance, ulcerative colitis and Wegener's
granulormatosis.

181971 In certain embodiments, the antibody and/or CAR 1n the pharmaceutical
composition administered to the subject has binding specificity for a peptide/MHC
complex, wherein the peptide comprises an epitope of a protein that is the target of an
autoreactive T cell in the discase being treated {e. 2., an cpitope targeted by autoreactive T

cells 1n an autoimymnune discase). Exemplary proteins include targeted by autoreactive T
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cells include, for exaraple, p208, msulin, thyroid-stimulating hormone, tyrosinase, TRP1,
and myclin.

16198} The pharmaceutical corapositions described herein 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 corapositions arc delivered generally ( e.g., via oral or parenteral
administration).

[#199] Actual dosage levels of the active ingredicents in the pharmacceutical
compositions described herein may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a particular
patient, compaosition, and mode of administration, without betng toxic to the patient.
6260 The selected dosage level will depend upon a variety of factors including the
activity of the parhicular agent employed, the route of administration, the time of
administration, the rate of excretion or metabolism of the particular compound being
emplovyed, the duration of the treatment, other drugs, compounds and/or materials used in
combination with the particular compound employed, the age, sex, weight, condition,
general health and prior rocdical history of the patient being treated, and like factors well
known in the medical arts.

3281 A physician or veterinarian having ordinary skill in the art can readily
deterroine and prescribe the effective amount of the pharmaceutical composition reguired.
For example, the physician or veterinarian could prescribe and/or administer doses of the
antibodies and/or CARs employed in the pharmacceutical corposition at levels lower than
that required in order to achieve the desired therapeutic effect and gradually increase the
dosage until the desired effect 18 achieved.

16262} In some embodiments, the CAR receptors described here are used for T cell
based therapy. For example, in certain crabodiments, T cells expressing a CAR described
hevein are adrmimstered to a subject to induce a T cell based immune response in the
subject. Methods useful in T cell based therapy is described in, for example, in Schumacher
Nat. Rev. Immunol. 2:512-519 (2002) and Bitton ef al., Frontiers in Bioscience 4:d386-393

{1999}, cach of which is incorporated by reference herein.
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10263} In some aspects, provided herein is a roethod of jnducing an immune
response {¢.g., a T cell based immune response) in a subject. In some cmbodiments, the
method inchudes adrministering to the subject a cell {e.g, ahuman T cell, such as a CD4 T
cell or a CD8 T cell) expressing a CAR comprising a first CAR polypeptide comprising a
hurnan Ig heavy chain variable domain and 8 huraan TCRp constant dornain and a second
CAR polypeptide comprising a human Ig light chain variable domain (e.g,, an g « 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 1 MHC complex. In some embodiments, the
peptide/MHC complex is a peptide/class ] MHC complex.

162041 In some embodiments, the subject is a subject in need thereof. In some
erbodiments, the subject is a subject with cancer. In such embodiments, the peptide in the
peptide/ MHC complex recognized by the CAR is a peptide of a cancer antigen.

13265] In certain embodiments, provided herein are methods of treating cancer
comprising administering o the subject a T cell expressing a CAR described herein. In
sorac ernbodiments, the mcthods 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 limited to, cancer cells from the bladder, blood, bone, bone
marrow, brain, breast, colon, esophagus, gastrointestine, gam, head, kidney, biver, lung,
nasopharynx, neck, ovary, prostate, skin, stomach, testis, tongue, or uterus. In addition, the
cancer may specifically be of the following histological type, though it is not fumited to
these: neoplasm, malignant; carcinoma; carcinoma, undifferentiated; giant and spindle cell
carcinoma; small ccl carcimoma; papillary carcinoma; squamous cell carcinorna;
bvmphoeptthelial carcinoma; basal cell carcinoma; pilomatrix carcinoma; transitional cell
carcinoma; papiilary transitional cell carcinoma; adenocarcinoma; gastrinoma, malignant;
cholangiocarcinoma; hepatocelinlar carcinoma; combined hepatocellular carcinoma and
cholangiocarcinorna; trabecular adenocarcinoma; adenoid cystic carcinoma;
adenocarcinoma in adenomatous polyp; adenocarcinoma, familial polyposis coli; solid
carcinoma; carcinoid tumor, malignant; branchiolp-alveolar adenocarcinoma; papillary
adenocarcinoma; chromophobe carcivoroa; acidophil carcinoma; oxyphilic
adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma; granular cell carcinoma;

follicular adenocarcinoma; papillary and follicular adenocarcinoma; noncncapsulating
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sclerosing carcimoma; adrenal cortical carcinoma; endowetroid carcinoma; skin appendage
carcinoma; apocrine adenocarcinoma; sebaccous adenocarcinoma; coruminous
adenocarcinoma;, mucoepidermoid carcinowa; cystadenocarcinoma; papillary
cystadenocarcinoma; papillary serous cystadenocarcinoma; mucinous cystadenocarcinoma;
mucinous adenocarcinoma; signet ring cell carcinoma; infiltrating duct carcinora;
medullary carcinoma; lobular carcinoma; inflammatory carcinoma; paget's disease,
maramary; acinar cell carcinoma; adenosquamous carcinoma; adenocarcinoma w/squamous
metaplasia; thymoma, malignant; ovarian stromal tumor, malignant; thecoma, malignant;
gramulosa cell tumor, maligonant; and roblastoma, malignant; sertoli cell carcinoma; leydig
cell tumor, 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; Hposarcoma;
feiomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar
rhabdomyosarcoma; stromal sarcoma; mixed tumor, malignant; roullerian mixed tumor;
nephroblastoma; hepatoblastoma; carcinosarcoma; mesenchymoma, malignant; brenner
tumor, malignant; phyllodes turnor, malignant; synovial sarcoma; mesothelioma, maligoant;
dysgerminoma; embryonal carcinoraa; teratoma, raalignant; struma ovarii, maligonant;
choriocarcinoma; mesonephroma, malignant; hemangiosarcoma; hemangioendothelioma,
malignant; kapost's sarcoma; hemangiopericyioma, raalignant; lymphangiosarcoma;
osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma; chondroblastoma, malignant;
mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pincaloma, malignant; chordoma; glioma, malignant; ependymoma;
astrocytoma; protoplasmic astrocytoma; fibrillary astrocytoma; astroblastoma;
ghioblastoma; oligodendroghioma; oligodendroblastoma; primitive neuroectodermal;
cerebellar sarcoma; ganghoneuroblastoma; neuroblastoma; retinoblastoma; olfactory
neurpgonic timor; meningioma, malignant; neurofibrosarcoma; neurilemmoma, malignant;
granular cell tumor, malignant; malignant lyraphoma; Hodgkin's disease; Hodgkin's
fymphorma; paragranuloma; malignant lymphoma, small lymphocytic; malignant

tymphorna, large cell, diffuse; malignant lyraphoma, follicular; mycosis fungoides; other
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specified non-Hodgkin's tymphomas; walignant histiocytosis; multiple myeloroa; voast cell
sarcoma; immunoproliferative small intestinal discase; leukemia; lymphoid leukemia;
plasma cell leukemia; erythroleukerma; tymphosarcoroa cell leukemia; rayeloid feakenua;
basophilic lcukemia; cosinophilic leukemia; monocytic leukemia; mast cell leukemia;
megakaryoblastic leukerma; myeloid sarcoma; and hatry cell leukernia.

[3266] In certain embodiments, CAR expressed by the T cell administered to the
subject has binding specificity for a peptide/MHC complex, wherein the peptide comprises
an epitope of a cancer-associated antigen {e.g., an epitope expressed by the cancer being
treated). Examples of cancer-associated antigens include, but are not limited to, adipophilin,
AIM-2, ALDHIAI, alpha-actinin-4, alpha-fetoprotein ("AFP”), ARTCI, B-RAF, BAGE-1,
BCLX (L}, BCR-ABL fusion protein b3a2, beta-catenin, BING-4, CA-125, CALCA,
carcinoembryonic antigen (“CEA”), CASP-5, CASP-8, (D274, CD45, Cde27, CDK12,
CDK4, CDKNZA, CEA, CLPP, COA-1, CPSF, CSNK1A1L, CTAGH, CTAQG2, cyclin D1,
Cyclin-Al, dek-can fusion protetn, DKK, EFTUDZ, Elongation factor 2, ENAH (hMeua),
Ep-CAM, EpCAM, EphA3, epithelial tumor antigen (“ETA”), ETV6-AML1 fusion protein,
EZHZ2, FGFS, FLT3-ITD, FN1, GISO0/MN/CALX, GAGE-1,2.8, GAGE-3,4,5.6,7, GAST,
glypican-3, GuTV, gpl00/Pmell?, GPNMB, HAUSS, Hepsin, HER-2/neu, HERV-K-MEL,
HLA-A1l, HLA-AZ, HLA-DOR, hsp70-2, IDO1L, IGF2B3, 1L 13Ralpha?, Intestinal
carboxyl esterase, K-ras, Kallikrein 4, KIF20A, KK-LC-1, KKLCH KM-HN-1, KMHN1
also known as CCDC110, LAGE-1, LDLR-fucosyltransferaseAS fusion protein, Lengsin,
M-CSF, MAGE-AT, MAGE-A10, MAGE-A12, MAGE-A2, MAGE-A3, MAGE-A4,
MAGE-AS, MAGE-A9, MAGE-C1, MAGE-CZ2, malic enzyme, mammagiobin-A,
MARTZ, MATN, MCIR, MCSP, mdm-2, ME!L, Mclan-A/MART-1, Mcloe, Midkine,
MMP-2, MMP-7, MUCT, MUC3AC, mucin, MUM-1, MUM-2, MUM-3, Myosin, Myosin
class I, N-raw, NARS-A, neo-PAP, NFYC, NY-BR-1, NY-ESO-1/LAGE-2, OAl, OGT,
(8-9, P polypeptide, p33, PAP, PAXS, PBF, pmi-RARalpha fusion protein, polymorphic
eptthelial mucin ("PEM™), PPPIR3B, PRAME, PRDXS, PSA, PSMA, PTPRK,
RAB38/NY-MEL-I, RAGE-1, RBAF600, RGSS, Rho(C, RNF43, RUZAS, SAGE, sccernin
1, SIRTZ, SNRPDT, SOX10, Spl7, SPA17, S5X-2, 858X-4, STEAPI, survivin, SYT-88X1
or -SSX2 fusion protein, TAG-1, TAG-2, Telomerase, TGF-betaR1, TPBG, TRAG-3,

Triosephosphate isomerase, TRP-1/gp75, TRP-2, TRPZ-INT2, tyrosinase, tyrosinase
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{(“TYR”), VEGF, WT1, XAGE-1b/GAGEDZa. In some embodiments, the antigen is 4 neo-
antigen.

162871 In some embodiments, the subject s a subject who has been infected with a
pathogen. In such embodiments, the peptide in the peptide/MHC complex recognized by
the CAR 1is a peptide of a pathogenic antigen.

13268} Thus, 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 subjecta T
cell expressing 2 CAR described herein. For example, in some embodiments, provided
herein are methods of treating viral infectious diseases, inchuding HPV, HBY, hepatitis C
Virus (HCV), retroviruses such as human imnmunodeficiency virus (HEV-1 and HIV-2),
herpes virases such as Epstein Barr Vs (EBV), eytomegalovirus (CMV), HSV-1 and
HSV-2, and mnfluenza 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,
Cryprococcus, Divofilaria, Gonococcus, Histoplasma, Leishmania, Mycobacterium,
Mycoplasma, Paramecium, Pertussis, Plasmodium, Pneumococcus, Preumocystis,

7

Rickettsia, Salmonella, Shigella, Staphviococcus, Streprococcus, Toxoplasma and
Vibriocholerae. Exemplary species include Neisseria gonorrhiea, Mycobacterium
tuberculosis, Candida albicans, Candida ropicalis, Trichomonas vaginalis, Haemophilus
vaginaliz, Group B Streprococcus sp., Microplasma hominis, Hemophilus discreyi,
Granuloma inguinale, Lymphopathia venereum, Treponema pallidum, Brucella abortus.
Brucella melirensis, Brucella suis, Brucella canis, Campylobacter fetus, Campylobacter
fetus intestinalis, Leptospira pomona, Listeria monocytogenes, Brucellia ovis, Chlamyvdia
psittaci, Trichomonas foetus, Toxoplasma gondii, Escherichia coli, Actinobacillus equuli,
Salmonella abortus ovis, Salmonella ahortus equi, Pseudomonas aeruginosa,
Corvrebacterium equi, Corvnebacterium pyogenes, Actinobaccifus seminis, Mycoplasma
bovigenitalivm, Aspergillus fumigatus, Absidia vamosa, Trvpanosoma equiperdum, Babesia
caballi, Clostridium tetani, Clostridium botulinum;, or, a fungus, such as, e.g.,
Paracoccidioides brasiliensis; or other pathogen, e.g., Plasmodium falciparum.

6269} In certain embodiments, the CAR expressed by the T cell administered fo the

subject has binding specificity for a peptide/MHC complex, wherein the peptide comprises
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an epitope of an antigen expressed by an infectious pathogen {e.g., an epitope expressed by
the infectious pathogen being treated).

162148] In certain aspects, provided herein is a method of inducing an imaroune
response to a peptide/MHC complex in a subject {e.g., a human subject). In some
cmbodiments, the method includes solating a T cell {e.g., a CD4 T ecli or a CDE T celi)
from the subject. In some emwbodiments, the method includes inducing expression by the T
cell of a CAR that has binding specificity for the peptide/MHC complex. In some
embodiments, the method inchudes administering the T cell to the subject. In some
embodiments, the mcthod comprises transfecting the T cell with a first vector comprising a
nucleic acid sequence encoding the first CAR pelypeptide and a second vector comprising a
nucleic acid sequence encoding the second CAR polypeptide. In some embodiments, the
method comprises transfecting the T cell with a vector comprising a nucleic sequence
encoding the first CAR polypeptide and a nucleic acid sequence encoding the second CAR
polypeptide. In sore crobodiments, the rocthod comprises the step of inhibiting expression
by the T cell of endogenous TCRa and/or TCRB.

16211} In some embodiments, the subject 18 4 subject with an autoimmune disease.
In such embodiments, the T cell is a regulatory T cell (i e, a suppressor T cell) and the
peptide in the peptide/ MHC complex recognized by the CAR 18 a self-antigen to which the
sabject 1s undergoing an autoiamune respouse.

182124 In some aspects, provided herein is a method of inhibiting an immune
response 10 4 subject. In some embodiments, the method includes administening to the
subject a regulatory T cell (e.g., a CD4', CD-25" and Foxp3 regulatory T cell or a Tregl?
T cell) expressing a CAR coraprising a first CAR polypeptide comprising a human Ig heavy
chain variable domain and a human TCRJ constant domain and a second CAR polypeptide
comprising a human Ig light chain variable domain {e.g., an g x variable dorsain or an Ig A
variable domain} and a human TCRu counstant 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 1T MHC complex.

16213 In certain aspects, provided herein is a method of inhibiting an immune
response to a peptide/MHC complex in a subject {e.g., a human subject). In some

embodiments, the method includes isolating a regulatory T cell {e.g., a CD4", CD-25 " and
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Foxp3' regulatory T cell or a Tregl7 T cell) from the subject. In some embodiments, the
method includes inducing expression by the T cell of a CAR that has binding specificity for
the peptide/MHC complex. In some embodiments, the method 1ncludes administeting the T
cell to the subject. In some embodiments, the method comprises transfecting the T cell with
a first vector comprising a nucleie acid sequence encoding the first CAR polypeptide and a
second vector comprising a nucleic acid sequence encoding the second CAR polypeptide.
In some cmbodiments, the method corprises transfecting the T cell with a vector
comprising a nucleic sequence encoding the first CAR polypeptide 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
TCRE.

16214} In some embodiments, the subject is a subject with an autoimmune discase.
In such embodiments, the T cell is a regulatory T cell (i e, a suppressor T cell) and the
peptide in the peptide/MHC complex recognized by the CAR 1s a self-antigen to which the
subject is undergoing an autoimmune response.

16215} Thus, in some embodiments, the methods described herein may be used to
treat discases or disorders related to a deleterious immune response, such as asthma,
mtlammatory discase, skin or organ transplantation, graft-versus-host discase (GVHD), or
autoimmune diseases. Examples of autoimomune diseases include, for example, glomerular
nephritis, arthritis, dilated cardionyopathy-like disease, ulceous colitis, Sjogren syndrome,
Crohn disease, systemic erythematodes, chronic rheumatoid arthuitis, multiple sclerosis,
psoriasis, allergic contact dermatitis, polymyosiis, pachyderma, periarteritis nodosa,
rheurnatic fever, vitiligo vulgaris, insulin dependent diabetes mellitus, Beheet disease,
Hashimoto disease, Addison disease, dermatomyositis, myasthenia gravis, Reiter syndrome,
Graves' discase, anacmia perniciosa, Goodpasture syndrome, sterility disease, chronic
active hepatitis, pemphigus, auteimmune thrombopenic purpura, and autoimmune
hemolytic anerma, active chronic hepatitis, Addison's discase, anti-phospholipid syndrome,
atopic allergy, autoimmune atrophic gastritis, achlorhydra autoimmuue, celiac discase,
Cushing’s syndrome, dermatomyositis, discoid lupus, erythematosis, Goodpasture's
syndrome, Hashimoto's thyroiditis, idiopathic adrenal atrophy, idiopathic
thrombocytopenia, insulin-dependent diabetes, Lambert-Eaton syndrome, lupoid hepatitis,

some cases of lyrmphopenia, mixed connective tissue discase, pemphigoid, pemphigus
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vulgaris, pernicious anema, phacogenic uveitis, polyarteritis vodosa, polyglandular
autosyndromes, primary biliary cirrhosis, primary sclerosing cholangitis, Raynaud’s
syndrome, relapsing polychondritis, Schimidt's syndrome, liroited scleroderma (or crest
syndrome}, sympathetic ophthalnia, systemic lupus erythematosis, Takayasu's arteritis,
temporal arteritis, thyrotoxicosis, type b insulin resistance, ulcerative colitis and Wegener's
granujomatosis.

8216} In certain ermbodiments, CAR expressed by the T cell administered to the
subject bas binding specificity for a peptide/MHC complex, wherein the peptide comprises
an epitope of a protein that s the target of an autoreactive T cell in the disease being treated
{e.z., an epitope targeted by autoreactive T cells in an autoimmune disease). Exemplary
proteins include targeted by autoreactive T cells inchade, for example, p2035, insulin,
thyroid~-stunulating hormone, tyrosinase, TRPI, and myelin.

Nucleic Acid Molecules

182171 Provided herein are nucleic acid molecules that encode the antibodies, CARs
and portions of antibodies and CARs described herein. In some embodiments, the nucleic
acid encodes a variable domain {e.g., a heavy and/or light chain variable dornain) of an
antibody or CAR described herein. The nucleic acids may be present, for example, in whole
cells, in a cell lysate, or in a partially purified or substantially pure form.

10218} In certain aspects, provided herein are mucleic acids encoding an antibody
and/or CAR polypeptide described herein or a portion thereof. The nucleic acids may be
present, for example, in whole cells, in a cell tysate, or in a partially purified or
substantially pure form. Nucleic acids described herein can be obtained using standard
molecular biology technigues. For exaraple, nucleic acid molecules deseribed herein can be
cloned using standard PCR techniques or chemically synthesized. For nucleic acids
encoding CARs or antibodics expressed by hybridomas, ¢cDNAs encoding cach chain of the
antibody or CAR made by the hybridoma can be obtained by standard PCR amplification or
cDINA cloning technigues.

18219] In certain aspects, provided herein is a nucleic acid composition cormprising
a first nucleic acid sequence encoding a first CAR polypeptide comprising an Ig heavy
chain variable domain and a TCRP constant domain and a second nucleic acid sequence
encoding a second CAR polypeptide comprising an Ig light chain variable domain {e.g., an

Ig ¥ vartable domain or an Ig A varable domain) and a TCRa constant domain, wherein a
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CAR comprising the first CAR polypeptide and the second CAR polypeptide has binding
specificity for a peptide/MHC complex. In certain embodiments, the g heavy chain
variable domain and/or the Ig light chain variable domain are human Ig variable domaius.
In some embodiments, the TCRY constant domain and/or the TCRa constant domain are
rodent constant dormains {e.g., rat constant domains or mouse constant domains}. In some
embodiments, the TCRP constant domain and/or the TCRe constant domain are human
constant dornains. In some embodiments, the first nucleic acid sequence and the second
nucleic acid sequence are on a single nucleic acid molecule. In some embodiments, the first
nucleic acid sequence and the second nucleic acid sequence are on separate nucleic acid
molecules.

8226} In certain aspects, provided herein s a nucleic acid composition comprising
a first nucleie acid sequence encoding the heavy chain of an antibody described herein and
a second nucleic acid sequence encoding a light chain of an antibody described herein {e.g.,
an Ig x hight chain or an Ig A light chain), wherein a an antibody coruprising the heavy chain
and the light chain has binding specificity for a peptide/MHC complex. In certain
erubodiments, the Ig heavy chaim variable domain and/or the g light chain variable domain
are human Ig variable domains. In some embodiments, the Ig heavy chain constant domain
and/or the Tg light chain constant domain are rodent constant domains {e.g., rat constant
domains or mouse constant domains). In some embodiments, the Ig heavy chain constant
domain and/or the Ig light chain constant domain are human constant domains. In some
emabodiments, the first nucleic acid sequence and the second vucleic acid sequence arc on a
single macleic acid molecule. In some embodiments, the first nucieic acid sequence and the
second nucleic acid sequence are on separate nucleic acid molecules,

182211 In certain embodiments, provided herein are vectors that contain the nucleic
acid molecules described hercin. As used herein, the term “vector,” refers to 4 nucleic acid
molecule capable of transporting another nucleie acid to which it has been linked. One type
of vector 1s a “plasmid”, which refers to g circular double stranded DNA loop into which
additional DNA segments may be higated. Avnother type of vector is a viral vector, wherein
additional DNA segments may be ligated into the viral genome. Certain vectors are capabic
of autonomous replication in a host cell into which they are introduced {e.g., bacterial
vectors having a bacterial origin of replication and episomal mammalian vectors). Other

vectors {e.g., non-cpisomal maramalian vectors) can be integrated mto the genorae of a host
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cell upoun infroduction into the host cell, and thereby be replicated along with the host
genome. Morecover, certain vectors are capable of directing the expression of genes. Such
vectors ave referred to herein as “recombinant expression vectors” {or siaply, “expression
vectors”).

18222} In certain embodiments, provided herein are cells that contain a mucleic acid
described herein {e.g., a nucleic acid encoding an antibody or CAR described hereinor a
portion thereot). The ecll can be, for example, prokaryotic, cukaryotic, manumalian, avian,
murine and/or human. In certain embodiments the nucleic acid described herein is operably
finked to a transcription control element such as a promoter. In some ermnbodiments the cell
transcribes the nucleic actd desceribed herein and thereby expresses an antibody, antigen
binding fragment thereof or polypeptide described herein. The nucleic acid molecule can be
integrated 1onto the genome of the cell or it can be extrachromasomal.

[6223] MNucleic acid molecules provided herein can be obtained using standard
wolecular biology technigues. For exaraple, nucleic acid molecules described herein can be
cloned using standard PCR techniques or chemically synthesized.

10224} Once DNA fragments encoding a Vi and Vi scgments are obtained, these
DNA fragments can be further manipulated by standard recombinant DNA techniques, for
example to convert the variable region genes to full-length antibody chain genes, to Fab
fragroent genes ot to a scFv gene. Tn these wanipulations, a Vi~ or Vi-encoding DNA
fragment is operatively linked to another DNA fragment encoding another protein, such as
an antibody constant region or a flexible Hinker. The term “operatively Huked”, as used in
this context, is intended to mean that the two DNA fragments are joined such that the anuno
acid sequences encoded by the two DNA fragments remain in-frame.

[3225] The isolated DNA encoding the heavy chain variable region can be
converted to a full-length heavy chain gene by operatively linking the heavy chain varnable
region BNA to another BNA molecule encoding heavy chain constant regions {e.g., CHI,
(CH2 and CH3). The sequences of human heavy chain constant region genes are known in
the art {see e.g., Kabat, E. A, et al. (1991) Sequences of Proteius of Immunological
Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH Publication
No. 81-3247) and DNA fragments encompassing these regions can be obtained by standard
PCR amplification. The heavy chain constant region can be an IgG1, IgG2, 1gG3, 1pG4,

IgA, IgE, TgM or IgD constant region, but most preferably is an IgG1 or 1gG4 constant
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region. For a Fab fragment heavy chain gene, the V-encoding DNA can be operatively
linked to another DNA molecule encoding only the heavy chain CH1 constant region.
16226} The isolated DNA encoding the light chain variable region can be converted
to a full-length light chain gene {as well as a Fab light chain gene) by operatively linking
the light chain variable region encoding DNA to another DNA molecule encoding a light
chain constant region. The sequences of human light chain constant region genes are known
i the art (sce e.g., Kabat, E. A ct al. (1991} Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and Human Services, NiH Publication
No. 91-3242) and DNA fragments encompassing these regions can be obtained by standard
PR amplification. The light chain constant region can be a kappa or lambda constant

region, but most preferably is a kappa constant region.

EXAMPLES

Example §. Activation of T Cells Bearing Chimeric Antigen Recepiors

132274 Sequences encoding VH and VL domains of antibodies recognizing peptide-
MHC complexes (NY-ESO-1 and MAGE-1 peptides, see Stewart-Jones et af. {2009)
Rational development of high-affinity T-cell receptor-like antibodies, Proc. Nat'l. dcad.
Sci. USA 106:5784-8% and Hillsmeyer ef ¢f. (2005) A Major Histocompatibility Complex
Peptide~restricted Antibody and T Cell Receptor Molecules Recognize Their Target by
Distinct Binding Modes, /. Biol. Chem. 280:2972-80, respectively, incorporated herein by
reference) were incorporated futo synthetically prodaced 1.9 kb vucleotide sequences,
where the immunoglobulin Vi and Vy domain sequences were placed upstream of TCRA
C and TCRB C sequences, respectively (FIG. 3). Stewart-Jones ef af. describe an antibody
recognizing NY-ESO-1 peptide (SLLMWITQVNY, SEQ 1D NO: 1) complexed with HLA-
A2; Hillsmeyer ef af. describe an antibody recognizing MAGE-1 peptide (EADPTGHSY,
SEQ ID NO: 2) complexed with HLA-AL

3228] Synthesized sequence comprising anti-NY-ESO-1/A2 and anti-MAGE-1/A1
VHs and VLs also comprised ROR leader sites (US Patent No. 7,534,604, incorporated
berein by reference} upstream of both Vi and Vi, with a furin cleavage site and self-
cleaving F2A peptide for bicistronic expression (Yang et ¢/, (2008) Development of
optimal bicistronic ientiviral vectors facilitates high-level TCR gene expression and tumor

cell recognition, Gene Ther, 15:1411-1423, incorporated by reference). Synthesized DNA
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was obtained from Blue Heron. As a negative control, germbine Ve1-305eS [JULCT-3%% or
Vie3-20khe1 [ULC3-20] and Vy3-23Ju4d [UHC] were incorporated into lentiviral vectors
upstream of TCRA € and TCRA B, respectively (see US Patent Application Publication
Nos. US 2011/6195454 for ULC1-39 and ULC3-20 and US 2014/0245468 for UHC, both
incorporated herein by reference).

[#229] Each synthesized 1.9 kb DNA sequence (i.e., sequence encoding MAGE-1
CAR, NY-ESO-1 CAR, ULCI-39UHC and ULC3-20UHC CAR) was higated into a
nuktiple cloning site of pLVX EFla IRES-PURQ lentiviral vector {Clontech). Constructs
were packaged with delta 8.9 and PMDG via transient transtection of 2937 cells, and viral
supernatant was produced and subsequently used to transduce JRT3-T3.5 {13} cells, which
are derived from Jurkat T cells but lack the ability to produce TCRaf heterodimers or
express CD3 on their plastoa membrane. Jurkat {CD4+CDSR- T cells were used as a control.
After transduction, T3 celis were screened via FACKS sorting for their ability to express cell-
surface CD3, and all CAR transduced T3 cells exhubited expression of CD3, indicating that
CAR molecules were expressed on cell surface.

8236} T cell activation of T3 cells transduced with either CARs comprising VL and
VH of NY-ESO-1 or VL and VH of MAGE-1 was deterroined by ELISPOT assay
{Czerkinsky er af. (1983} A solid-phase enzyme-linked immunospot (ELISPOT) assay for
cnurncration of specific antibody-secreting cells, /. fmmunol. Methods 65:109-121, and
Miyahira ef a/l. {1995} Unantification of antigen specific CD8+ T cells using an ELISPOT
assay. J. fmmunol. Methods, 181: 45-54, incorporated by reference) that detected secretion
of human 1L-2. The human 1L-2 ELISPOT kit was obtained from BID Biosciences (Catalog
# 551282)

19231 Specifically, T3 cells, either alone or expressing MAGE-1 CAR
(AIMAGECAR), NY-ESO-1 CAR (AINYESOCAR) or ULCI-39UHC CAR, were added
to wells of an ELISPOT plate at a concentration of 5x10° cells/well. Target K562 cells (a
MHC free cell line), either alone or expressing human HEA-AT (K562 A1) or human
HLA-A2 (K562 A2), were added at concentration of 1107 cells/well (5:1 ratio of effectors
to target cells). Appropriate peptides (MAGE-1, HLA-AT restricted or NY-ESO-1, HLA-
A2 restricted) were added to the wells at a concentration of 10 pg/mlL, the plate was

mneubated at 37°C for 16-20 hours, and developed according to manufacturer’s instructions.
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183321 Activation of T cells was assessed based on the number of cytokine-
secreting cells detected by the black-blue colored precipitate that forms at the site of
cytokine localization. As shown i FIG. 4, activation only occurred in cells expressing
AIMAGECAR that were treated with MAGE-1 HLA-A1 restricted peptide (MAGE-Al} in
the presence of effector colls expressing HLA-AT (K562 Al), and did not occur in effector
cells expressing HLA-AZ (K562 A2} or wild type K562 cells (K362WT). Moreover, T3
cells expressing AIMAGECAR were not activated by K562 cells expressing HLA-AT i
the presence of an unrelated peptide. Similarty, only T3 cells expressing AZNYESGCAR
that were treated with NY-ESO-1 HLA-AZ restricted peptide (ESO-1) in the presence of
effector cells expressing HLA-AZ (K562 AZ) were activated, as evident by L-2 secretion.
T3 cells expressing ULCI-39UHC CAR (negative control) were not activated by of any
peptide-MHC complex.

Example 2. Genevation of a genetically modified mouse expressing a chimeric antigen
recepior

Example 2.1, Construction of chimeric human {gi variahle — mouse TCRA constant locus
[6233] A VELOCIMMUNE® Igx large targeting vector {LTVEC) containing all
human I, segments and 4 functional human V, segments (“VI-17, see Macdonald er a/.
{2014) Precise and i situ genetic humanization of 6 raB of mouse immunoglobulin genes,
Proc. Natl Acad. Sci USA 111:5147-52 and Supplemeuntal lnformation) was modified by
Bacterial Homologous Recombination (BHR) to replace the 5" mouse « arm and neo-tk-
loxp cassette with a chloramphenicol {CM)-resistance cassette flanked by unique -Ceul
and AsiSE sites (Fig. 5, step 1.). In step 2, the construct generated in step 1 was further
modificd by BHR to replace the 3’ mouse x arrn and Spec cassette with a loxp-neo-loxp
cassette flanked by unigue Notl and PI-Scel sites. Subsequently (step 3), an I-Ceul-AsiS]
nucleic acid fragroent containing a 16 kb distal mouse Tera arm and an Frt-Hyg-Frt cassctte
was ligated into the construct of step 2 to replace the UM cassette. Finally {step 4), a Notl-
Pl-Scel nucletc acid fragment countaining a 24 kb proximal mouse Tera arm and a Spec
cassette, was ligated into the Notl and Pi-Scel sites of the construct of step 3 replacing the
loxp-neo-loxp cassette, creating the final LTVEC, designated MAID 6548,

16234} The final LTVEC contained from 5" {0 37 {1} a 16kb 5" mouse Tera arm for
homologous recombination in ES cells (genome location 14:52411629-52427793, all

coordinates based on mouse assermbly GRCm3R), (2) a Fri-Hyg-Frt cassette for selection in
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E. coli ov ES cells, (33 111 kb of human x locus DNA containing the 4 most proximal Vi
segments and all 5 J, segments (J1-15}, (4) a 24 kb 3’ mouse TCRA arm for homologous
recorabination 1o ES cells, which includes the TCRA constant geue (genome location
14:54218920-54243117), and (5) a Spec cassette for selection in £, cofi.

[9235] The LTVEC (MAID6548) has the following junction sequences, where

MOUse sequences are in parentheses, human sequences are in normal font, multiple cloning

sttes are bolded, and Frt sequences are wtalicized (Table 1)

Table 1: Junction Sequences of Igx V- Tera € Large Targeting Vector (8 te 37}

Junction Seg ID No Sequence

raouse Tera/Frt 3 {ATGGAGTAGTCAGAACACACTCTTCA
GAAGGGACTCCTGATITCAAAGGGGG
GTACCGGGCCCCCCCTCGAGAAGTTCC
TATTCCGAAGTTCOTATICTC

Fri/lumean Igx 4 TCCCGAAGTTCCTATTCTCTAGAAAGTATA
GGAACTTCCTAGGGCGATCGCGTGCATG
GCACTGACATAGGCCATIGTTAACAGGS
TCCCAGCAGCTGGTC

Human IgK/mouse Tcra 5 GATAAATTATTTTGTCAGACAACAATAA
AAATCAATAGCACGCCCTAAGAGCGGOC
GCCACCGCGGTGGAGUTCAGGTTITCCG
GTACTTAACAACAGAGCACAGATTTAGT
GGTGAGGGACTCT)

18236} MAID6548 was used to electroporate into MAID 1540 het ES cells (see FIG.
4A of U.S. Patent No. 9,113,616, incorporated herein by reference), in which all of the
mouse TCRA 'V and J segiments have been deleted and replaced with a Neo cassette {FIG.
6). The junction sequence of the resulting locus are the same as described in Table 1 above.
Hyg-resistant ES cells were screened using TAQMAN® assays to identify correctly
targeted clones (see, e.g., Lie and Petropoulos, 1998, Curr. Opin. Biotechnology 9:43-48,
incorporated herein by reference) (Table 2; LOA =loss of allele; GOA=gain of allele,

regions recognized are indicated in FIG. 6).
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Gene Assay | Fwd Privoer Probe Rev Primer

Neo LOA | GGTGGAGAGGCT TOGGCACAACAG GAACACGGC
ATTCGGC (SEQ ID ACAATCGGOTG (SEQ 1D NOT) GGCATCAG (SEQID
NO:6) NO:E)

Hye GOA | TGCGGCCGATCT ACGAGCOGOTTC TTGACCGAT
TAGCC (SEQID GGCCCATTC (SEQ ID NG TCCTTGCGG (SEQ ID
INSRY NG i)

higKe GOA | GTCAAGCACTGCT AACCCTTGTGCT TGTTGTAGA
GUCACAC (SEQ ID ATTGAATTGCTATGCTGTCAG CCCTCOGCCAL (SEQ
NO:12) {(SEQ ID NO:13) D NO: 14y

higK35 GOA | CCCCETCCTCCTO TCATGTCCATTA TGCAAGTGCT
CTITITC (SEQ ID ACCCATTTACCTTTTGCCCA GCCAGCAAG (SEQ 1D
NG:15) (SEGQ 1D NO:16) NG

Parental CAGTAAGGOAAG TGCACACTGCTC TGCTGGTGGE

1540 md AGACTACAACAGC | ACCACTGCAAGCTAT (SEQID CCCATCT (SEQ D
AT (SEQ ID NO:18) NG:19) N3:20)

Parental GAACTCAGCTAT CAGCCCAGCAG GCTCAGGGAG
1540 m3 GATAGTGTCGAATG | CTGTGGGTTCTIC (SEQ IDNG:22) | AACACAGAACTTAG
TA (SEQ ID NO:21) A {SEQID NGZ3)
16237} It desired, additional human V, segments can be added to the TCR variable

region locus using LTVECs having the same 16 kb 5" mouse Tera homology arm described

above linked to human Igx sequences that overlap with the initial insertion.

[0238]

Different strategics can by utilized to generate such ES cells. One approach,

summarized in FIG. 7, involves double targeting or co-clectroporation of two different large

targeting vectors into ES cells. In this approach, the first large targeting vector (labeled as

MAID 1710, derived from a restriction digest of a vector constructed as described in LS.

Patent Application Publication No. 2012/0096512A1, incorporated herein by reference)

COMPIises a .

30 kb homology arm that includes the sequence of human Vii-3 and Vxl1-6

gene segments, a 120 kb sequence that comprises human Vi3-7 to Vi3-15 gene segments,

and a 5 20 kb region ("overlap region”) that comprises human Vi1-16 gene segment. The

second large targeting vector {labeled as MAID 6600, also derived from a vector

constructed as described in U.S. Patent Application Publication No. Z012/0096512A1)

comprises a 3’ 20 kb overlap region {region coraprising buran Vi 1-16 gene segment, saroe
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as in the first vector), a 140 kb sequence comprising human Vi 1-17 to Vx2-30 gene
segments, a FRT-Ub-Neo-FRT selection cassette and a 15.5 kb 3" mouse TCR A homology
arm. The ES cells generated in FIG. 6 (MAID 6548, heterozygous for all human Jx
segments and four functional human Vx gene scgraents) were electroporated with the two
targe targeting vectors described above along with a nucleic acid encoding a modified Zinc
Finger Nuclease (ZFN) that targets the hygromycin geoe at nucleotide sequence
TGCOATCGCTGCOGCCGALettagCCAGACGAGCGGOTTCGE (with cleavage site in
lower case letters; SEQ D NO:24) and promotes double stranded breaks at the Hyg
sequence. The two co-clectroporated large targeting vectors were inserted by homologous
recombination info the DNA sequence, replacing the region contaiming and surrounding the
Hyg selection cassette. The resulting ES cells contained at the endogenous TCRa locus a
hurnan imrounoglobulin variable region coraprising human Jcl to JiS and Ved-1 to Vk2-
30 gene segments. Successful incorporation of the two large targeting vectors was
confirmed using the TAQMAN® assays described above {Lic and Petropoulos, supra),
using probes and primers indicated in FIG. 7 and listed in Table 3 below (GOA= gain of
allele; LOA=loss of allele; copy number = check for copy number of sequence to trace
transgenic integration vs. targeted integration; hArm! = 30kb 3" homology arm of the first
farge targeting vector (MAID 1710); hArm?2 = 20kb overlap of the first (MAID 1710) and
the second (MAID 6600) large targeting vectors, mArm = 15.5kb 5" homology arm of the
second targeting vector (MAID 6600}, WT mouse control — sequences present at the rouse

TCRa locus).

Table 3: TAQMAN Primers and Probes

Gene Assay Fwa Primer Probe Rev Primer

HYG LOA TGCGGUOGATC ACGAGCGGETTCG TTGACCGATTC
TTAGCC(SEQID | GCCCATTC (SEQID | CTTGCGG (SEQ
NG2S) N(:26) IBNOG:2T

HYG-U LOA CGACGTCTGETC AGTTCGACAGCGTG | CACGCCCTCCTA
GAGAAGTTTCTG | TCOGACCTGA (SEQ | CATCGAA (SEQ
(SEQ IDNO2Y) 1D NG:29) 1D NO:30)

Hyg-D LOA TGTCGGGOGTAC | CCGTCTGGACCGAT | GGGOGTCGETTT
ACAAATCG (BEQ | GGCTETGT (SEQ 1D | CCACTATC (SEQ
IDNG:31) NO:32) 1D NO:33)
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PGKpl (Hyg | LOA CAAATGGAAGT | CTCGTGCAGATGGA | CCGCTGCCCCAA
Promoter) AGCACGTCTCAC | CAGCACCGC (SEQ | AGG (SEQ ID
TSEQIDNG:34) | 1D NO:3S) NO:36)
gk Copy nunber | GTCAAGCACTOC | AACCCTTOTOCTAT | TOTTGTAGACCC
of hArml TGGCACAC (SEQ | TGAATTGCTATGCT | TCCGCCAC (SEQ
IDNOAT) GTCAG (SEQ ID 1D NO:39)
NO3%)
higK 12 (MAID | GOA TIGCCTTICTCA | CAGCCCATCCTOIC | TOGCCCAACAGT
1719 insert) CACCTGCAG ACTTCGCTGGA ACAGCTCAG
(SEQ ID NO:40) (SEQ 1D NO:41) (SDQ ID NO:42)
hlgK i3 Copy number | TCAGTCAATCAC | TCCCCAGGTAGCCT | CACATTACTGAG
of hAtm? CTTTCCCAGC CATGAACCAATGTT | TCCCCACAGGG
(SEQ ID N(43) (SEQ 1D NO:44) (SBQ ID NO:45)
hieK 14 Copy rumber | CATTGTCAAAGA | ACCATIGCAGTITA | TCTTGCAATGGO
of ham2 AGCACTGGAAAT | CCCACGGTTAGGAT | ATCATCAGATG
G (SEQ IDNO:95) | TTTT (SEQ D NO6) | (SEQ ID NG:47)
Neo GOA GGTGGAGAGGC | TGOGGCACAACAGA | GAACACGGLGG
TATTCGGC (SEQ | CAATCGGCTG (SEQ | CATCAG (SEQID
1D NO4R) 1D NO:49) NO:50)
gk L5 GOA CAGGTGCAAAG | TGGGTCOTGCCCAT | UGCAGCUTGAGT
GTGACCACAG CCATGCA (SEQID | GTCAGAGC (SEQ
(SEQIDNO: 101) | NO: 102) 1D NO: 103)
higK2$ GOA GTTCAGGCCOCA | TCCTUTCTGGAGCA | CCTGAAGCCATG
CAGACTCTC ACCATGAAGTTCCC | AGGGCAG (SEQ
(SEQ ID NO:51) T (SEQ ID NO:S2) 10 NO:S3)
hUBC-D (Neo | GOA AGGGTAGGCTCT | ACAGGCGOCGGAC | COAAAGAAACT
Promoter) CCTGAATCG CTCTGGT SEQID | GACGCCTCAC
(SEQ ID NO:54) N():55) (SEQ ID NO:56)
TCRA Armd | Copy number | GCOUCACATGAA | TGTACCCAATCTIC | GGUATCCTGTCT
of mATm TTTGACCAG CAAAGAAAGAGCT | TCOCTTC (SEQ IR
(SEQ ID NO:5T) G (SEQ ID NCkS8) NO:59)
Parental WTmouse | CAGTAAGGGAA | TGCACACTGCTCAC | TGCTGGTGGCCC
1540mi control GAGACTACAAC | CACTGCAAGCTAT | CATCT (SEQ ID

AGCAT (SEQ ID
NO:60)

(SEQ 1D NO:61)

NO:62)
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Parental WT mouse GAACTCAGCTAT | CAGCCCAGCAGCTG | GCTCAGGGAGA
15340m3 control GATAGTGTCGAA | TGGGTTCTC (SEQ ACACAGAACTTA
TGTA(SEQ ID 1D NO:64) GA (SEQ 1D
NO:63) NO:6S)
higks MAID 6548 CCCCGTOCTOCT | TCATGTCCATTAAC | TGCAAGTGCTGO
sequence {(see | CCTTTTTC (SEQ CCATTTACCTTITTG | CAGCAAG (SEQ
Table 2) D NOo6) CCCASEQID 1D NO:68)
NOET)
182349 The resulting targeted locus in ES cells has the following junction

sequences, where mouse sequences are in parentheses, human sequences are in normal fout,

multiple cloning sites are bolded, and Frt sequences are italicized (Table 4}

Table 4: Junction Sequences of Locus Resulting from Double ES Cell Targeting (5" o

3%

Junction

Seg [0 Ng

Seguence

mouse Teora/5" Frt

64

(GTCTTTITTGTTICTTCACAGTTGAGCTTICA
TCAAAGTCACATGGGTTAAACTCTATGGAG
TAGTCAGAACACACTUTTCAGAAGGGACTC
CTGATTTCAAMAGGGYACCGAAGTITOCTATT
CCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTC

3" Fri/lmman IgK

~~1

GAAGTTCCTATTCCGAAGTTCCTATTOTCTAG
AABGTATAGGAACTICCTAGGGTITCALCCG
GTGGCGCGCCTAACAGAGAGGAAAGTCAAA
TTATAAAGAATATGAGATTCAGAATTCTGA
TTAACTGTGG

Human IgK/mouse Tcra

Same as in Table 1

19246}

Au altervative strategy for generating TCRa loci comprising additional

tmmunoglobulin variable region gene segments invelves serial targeting with large

targeting vectors comprising additioval variable gene segments (see, e.g., FIG. R}, ES cells

heterozygous for all human Ji gene segments and four functional human Vi gene segments

{(MAID 63548 see FIG. 6} are electroporated with a large targeting vector comprising, from

5"to 37 a 15.5 kb 5 mouse homology arm, an Frt-Ub-Neo-Fri sclection cassetie, an 120 kb

fragment comprising Vi3-7 to Vi3-15 gene segments, and a 30 kb 3" human homology arm

comprising Vil-5 and Vx1-6 gene segments {(also present in MAID 6548 sequence).
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Successtul incorporation is confirmed with Tagman assay described above, using primers
and probes that are histed in Table 3 above and indicated in FIG. 8: Hyg, higK$5, higKe,
high 12, Neo, parental 1540m3, parental 1540m1. An additional set of primers and probe,
higK 10, is also used to confirm successful incorporation: Fwd Primer —
CGATTATGACTGGTTAGGTAGAAAGGTG (SEQ 1D NG:71); Probe —
GCCACTGGTTTCTCCAAATGTTTTCAATCCAT (SEQ ID N(O:72); Rev. Primer
GGGAGTACTTGGAGATCCCTAAGC (SEQ 1D NOT73).

16241} The resulting targeted locus in ES cells has the following junction
sequences, where mouse sequences are in parentheses, hurman scquences are in normal font,

multiple cloning sites are bolded, and Frt sequences are italicized (Table 5).

Table 5: Junction Sequence of Locus Resulting from Single ES Cell Targeting (5" 10 37)

Jusction Seg [0 Ng Segquence

mouse Tera/5” Frt 74 {(TTGAGCTTCATCAAAGTCACATGGGTTAAA
CTCTATGGAGTAGTCAGAACACACTCTTCA)
GAAGGGACTCCTCATTTICAAAGGGTACCGA
AGTTCCTATTICCGAAGTTCUTATICTUTAG
AAAGTATAGGAALTTC

GAAGTTCCTATTCCGAAGTICCTATTCTCTAG
AAAGTATAGGAACTTCCTAGGGTTTCACCG
GTGGCGUCGUCAGGACCCAGGUTCTGACALT
CAGGUTGCCAATACAATTGCCATGAAGACA
GATGTTGATG

~
W

3’ Fri/buman fgK

Human IgK/mouse Tera Same as in Table 1

(8242} Upon completion of the single targeting depicted in FIG. 8 or the double

ey
I
i

targeting depicted in FIG. 7, the ES cells may be successively targeted with large targeting
vectors comprising additional Vi gene segments in order to incorporate a complete
repertoire of functional human mununeglobulin Vi gene scgmcents, e.g., all functional
hurman Vi gene segments in the proximal V cluster. As an alternative to either the double
or the successive single targeting racthods depicted in FIGs. 8 and 7, a triplc targeting

method can be used to generate ES cells comprising up to the entire repertoire of functional
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human immunoglobulin Vi gene segments, e.g., all functional human Vi gene segments in
the proximal V cluster. In this approach, which is depicted in FIG. 9, the first farge
targeting vector {(MAID 1710, trimmed with Asecl and Notd restriction enzymes, see above)
comprises a 3’ 30 kb homology arma that includes burosan V-5 and Vi 1-6 gene segment
sequences, a 120 kb sequence that comprises human Vi3-7 to Vx3-15 gene segment
sequences, and a 5" 28 kb region (“overlap region”) that comprises human Vie1-16 gene
segment. The second large targeting vector (MATD 6600, trivamed with Ascl and Notl
restriction enzymes, sce above) comprises a 3' 20 kb overlap region (region comprising
human Vicl-16 gene segment, same as in the first vector), an 80 kb sequence comprising
buman Vx1-17 to Vi2-24 gene segments, and a 37 60 kb region (“overlap region™) that
comprises human Vi3-25 to Vx2-30 gene segment. Finally, the third large targeting vector
{MAID6647, which is also derived from a vector constructed as described in U.S. Patent
Application Publication No. 2012/0096512A1, incorporated by reference) comprises a 5 60
kb overlap region coraprising huran Vi3-25 to Vx2-30, a 90 kb sequence comprising
Vi3-31 to Ve2-40 and an FRT-Ub-Neo-FRT selection cassette and a 15.5 kb 3" rmoouse
TCR A bowology arm. The HS cells generated in FIG. 6 (MAID 654X, heterozygous for all
human Ji segments and four functional human Vx gene segments) are electroporated with
the three large targeting vectors described above, along with a nucleic acid encoding a
wmodified Zinc Finger Nuclease (ZFN) that targets the hygromycin gene at nucleotide
sequence TGCGATCGCTOGCGOCCOALcttagCCAGACGAGCGOGTTICOG (with
cleavage site in lower case letters; SEQ 1D NO:76) and promotes double stranded breaks at
the Hyg sequence. The three co-clectroporated large targeting vectors are inserted by
homologous recormbination into the DNA sequence replacing the region containing and
surrounding the Hyg selection cassette. The resulting ES cells contain at the endogenous
TCRo locus a human imyounoeglobulin variable domaim comprising human Jxl to Jk8 and
Vr4-1 to Vx2-40 gene segments (1.¢., all functional human Vi gene segrents of the
proximal Vi cluster). Successful incorporation of the three large targeting vectors is
confirmed using the TAQMAN® assays described above (Lie and Petropoulos, supra),
using probes and primers indicated in FIG. 9 and listed in Table 6 below (GOA= gain of
allele; LOA=loss of allele; copy number = check for copy number of sequence to trace

transgenic integration vs. targeted integration; hArm] = 30kb 3" homology arm of the first
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farge targeting vector (MAID 1710) hArm?2 = 20kb overlap of the first (MAID 1710) and
the second (MAID 6600) large targeting vectors, mArm = 15.5kb 5" homology arm of the
second targeting vector (MAID 6600), hArm3 = 60kb overlap of the second (MAID 6600)

and the third (MAIDO647) targeting vectors, WT mouse controf — sequences present at the

mouse TCRa locus).

Table &: TAQMAN Primers and Probes

Gene Assay Fwd Primer Probe Rev Primer

HYG LOA TGCGGCCGATC ACGAGCGGGTTCG | TTGACCGATTC
TTAGCC (SEQID | GCCCATTC(SEQID | CTTGCGG (SEQ
NOTH NOT®) IDNDTY)

BYG-U LOA CGACGTCTGTC AGTTCGACAGCGTG | CACGCCCTCCTA
GAGAAGTTTICTG | TCCGACCTGA (SEQ | CATCGAA (SEQ
{SEQ D NO:BG) I NOS8T 1D NO:82)

Hveg-D LOA TGTCGGGOGTAC | CCGTCTGGACCGAT | GGGCGTCGGTTT
ACAAATCG(SEQ | GGCTGTGT (SEQ 1D | CCACTATC (SEQ
1D NOE3) N{84) 1D NOI8S)

higKe Capy GTCAAGCACTGC | AACCCTTGTGCTAT | TGTTGTAGACCC

oumber of | TGGCACAC (SEQ | TCGAATTGCTATGCT | TCCGCCAC (SEQ
hArmd DB NO:86) GTCAG (SEQ D D NO:8E)
NO:8T}

RgKi2 (MAID GOA TTGCCTTICTCA | CAGCCCATCCTGTC | TGGCCCAACAGT

1710 insert) CACCTGCAG ACTTCGCTGGA ACAGCTCAG
{(SEQ 1D NU:89) {SEQ 1D NG:90) {(SEQ IDNO:91)

higKi3 Copy TCAGTCAATCAC | TCCCCAGGTAGCCT | CACATTACTGAG

number of | CTTTCCCAGC CATGAACCAATGTT | TCCCCACAGGG
hArm2 (SEQ ID NO:92) (SEQ 1D NO:93) {(SEQ D NO:94)
higK1i4 Copy CATTGTCAAAGA | ACCATTGCAGTTITA | TCTTGCAATGGE
number of | AGCACTGGAAAT | CCCACGGTTAGGAT | ATCATCAGATG
hAmm2 G(SEQID NGS5y | TTTT (SEQ IDNO:96) | (SEQ ID NO:9T)

Neo GOA GGTGGAGAGGC | TGGGCACAACAGA | GAACACGGOGG
TATTCGGC (SEQ | CAATCGGCTG (SEQ | CATCAG(BEQ ID
D NO©OE) 1D NO99) NO:100)

higKis GOA CAGGTGCAAAG | TGGGTCCTGCCCAT | GGCAGCCTGAGT
GTGACCACAG CCATGCA (SEQ D GTCAGAGC (SEQ
(SEQID NGOG NG:102) D NO:183)

higK25 GUOA GTTCAGGOUCCA | TCCTCTCTGGAGCA | COTGAAGCCATG
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CAGACTCTC
(SEQ D NO:104)

ACCATGAAGTTCCC
T(SEQ ID NO:105)

AGGGCAG (SEQ
ID NO:166)

TCRA Armd

Copy
number of

tArm

GCGCCACATGAA
TTTGACCAG
(SEQ ID NO:16T)

TGTACCCAATCTTC
CAAAGAAAGAGCT
G {SEQ ID NO:108)

GGCATCCTOTCC
TCCCTTC (SEQ 1D
NO:109)

Parental 1540mi

WT mouse

control

CAGTAAGGGAA
GAGACTACAAC
AGCAT (SEQ ID
NO:116)

TGCACACTGCTCAC
CACTGCAAGCTAT
(SEQ IDNOG:11 1)

TOCTGOTGOCCC
CATCT (SEQ 1D
NO112)

Parental 1540m3

WT mouse

GAACTCAGCTAT

CAGCCCAGCAGCTG

GCTCAGGGAGA

cortrol GATAGTGTCGAA | TGGGTTCTC (SEQ ACACAGAACTTA
TGTA (SEQ ID DNG:114) GA (SEQ D
N(:113) NO:115)
higKs MAID CCCCOTCCTCCT | TCATGTCCATTAAC | TGCAAGTGCTGC
6544 CCTTTTTC {SEQ CCATTTACCTTTIG | CAGCAAG (SEQ
sequence IBNG:1E6) CCCA(REQ D IDNG:118)
{see Table NG: U7
2}
higKz2 Copy TGGCTCCAAGAA | CCCTGACTTTGCTG | GGTCCAGTGGAA
number of | CAGTTTGCC CTCAACTCACAGCC | TCTGCCATG
hAmm3 {SEG D NO:119) (SEQ 1D NOG:126) (SEQIDNG2L
higkz1 GOA CATTTGGCTACA | CCTGAGCCAGGGA | ACATGGCTGAGG
TATCAAAGCCG | ACAGCCCACTGATA | CAGACACC (SEQ
(SEQ ID NO:122) (SEQ ID NO:123) 1D NO:124)
higkae GOA TGGGCCGTTATG | TGGCTTTACCCCTT | CACAGCTGAAGC
CTAGTACCA TTGAAGGGCCC AGGATGAGC
(SEQ I3 NG:125) (SEQ ID NO:126) (SEQ IDNO:12T)
hIGK30 GOA TCTCTGAGCAGC | TTCTCCTTTGGTGT | ACCAGGCATGGC

CATCCCC (SEQ
1D NG:128)

AGAGGGCACCAGC
(SEQ 1D NO:129)

AGAAAGG (SEQ
IDRO130)
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19243] The resulting targeted locus in ES cells have the following junction
sequences, where mouse sequences are in parentheses, hmman sequences are in normal font,

ey
7

multiple cloning sites are bolded, and Frt sequences are talicized (Table 7).

Table 7: Junction Sequences of Locus Resuplting from Triple ES Cell Targeting (5" to

39
Junction Seg ID No Sequence
mouse Tera/S’ Frt 131 {(GTCTTTTTITGTTCTTCACAGTTGAGCTTCA

TCAAAGTCACATGGGTTAAACTCTATGGAG
TAGTCAGAACACACTCTTCAYGAAGGGACTC
CTGATTTCAAAGGGTACCGAAGTTCCTATT
CCOGAAGTTCCTATTICTCTAGAAAGTATAGGAACTIC

3" Fri/human IgK 132 GAAGTTCCTATICCGAAGTTCCTATICTCTAG
AAAGTATAGGAACTTCCTAGGGTTTCACCGGTG
GUGCGCCTCGAGTAGTGCTTTAGGTGTGTAATCA
CCAAAGATTTAGTGAAGTCCCTGTGCAAGGAG

Human IgK/mouse Tera Same as m Table 1

6244 In yet other alternative strategy, the triple, double or single targeting of
successive additional human Ig Vk gene segments into the locus depicted in FIG. 6 may be
accomplished using triple (three large targeting vectors), double {two large targeting
veetors), or single {one large targeting vector) targeting schemes that involve zine finger
nuclease- or CRISPR-mediated destruction of a selection {e.g., hygromycin} cassetie.
[6245] Targeted ES cells described above were used as donor ES cells and
ntroduced into an 8-cell stage mouse embryo by the VELOCIMOUSE® method (see, e.g.,
US Pat. No. 7,294,754 and Poucymirou ez af. {2007) F0 generation mice that arc essentially
fully dertved from the donor gene-targeted ES cells allowing immediate phenotypic
analyses Nature Biotech. 25(1):91-99). VELOCIMICE® (F0 mice fully derived from the
donor ES celly independently bearing a chimoeric human Igk V—mouse Tera C geune were
tdentified by genotyping using a modification of allele assay that detects the presence of the

URIGUS gOne SCquenoes,
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Example 2.2, Construction of chimeric human Igh variahle — mouse TCREB constant
focus

16246} Chimeric buman IgH variable — mouse TCRB constant loct are constructed
by onc of several different strategices.

19247] Straregy { 1s depicted in FIG. 11, In order to obtain large targeting vector
(LTVEC A) for use in this strategy, a VELOCIMMUNE® immunoglobulin heavy chain
LTVEC coraprising all human iramunoglobulin heavy chain Jiy and Dy scgroents and one
proximal Vi segraent (“VI-27) was modified in several BHR and restriction
digestion/ligation steps as depicted in FIG. 10 to gencrate a construct comprising all human
immunoglobulin Jiy and Dy segments (LTVEC B [MAID 65551}, The 5" mouse arm of the
LTVEC B contained trypsinogen genes (Try15-Try20), while the 3" arm contained the
mouse TCRB C2 and VB3 1 genes. LTVEC B also contained the mouse IgM enhancer (Eu)
for enhancement of immunoglobulin heavy chain vanable region recombination at the CAR
focus.

16248} In the next step, LTVEC B was further modified via several sieps of BHR,
restriction digestion/ligation, and CRISPR/Cas9-mediated isothermal BAC assembly (U.S.
Patent Application No, 14/747.461, filed June 23, 2018, mcorporated herein by reference)
to generate a large targeting vector {(LTVHC A) comprising, from 5" t0 3" (1) an Em7-Hyg
cassctte for selection in £, cofi; (2) a 20 kb 5" moouse arm for homologous recombination in
ES cells containing a trypsinogen gene (Try20, genome location 6:41504907-41525442);
{3) an Frt-Neco-loxP-Frt cassette for sclection in £, cofi or ES cells; (4) 145 kb of the human
IgH locus coutaining the 3 most proximal VH segments and all of the DH aund JH segments;
{5} 1296 bp of the mouse igH locus containing the IgM enhancer (Eu) (genome location
12:113427167-113428462) (alternatively, this sequence 18 excluded); and {(6) a 40 kb 37
mouse arm for homologous recombination in ES cells contaiming the Trbe2 constant gene
{genome location 6:41543957-41584559) (see FIG. 10).

132491 LTVEC A has the following junction sequences, where mouse sequences are
in parenthescs, human sequences are in normal font, multiple cloning sttes are bolded, and

Frt sequences are italicized (Table 8):
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Table 8: Junctional sequences of IgH V- TCRB C Large Targeting Vector (LTVEC A)
{5 t¢ 37}

Junction Seg ID No Sequence
mouse Terb {5 Try repeat 133 (ATAATAATTAATAATAATAAATAGTAAATTT
endy/Fri CTGTAGAATCATAATGAGGTCTAGACCLCCG

GGOTCGATAACTATAACGGTCCTAAGGTAG
CGGTACCGAAGTTCCTATIOCGAAGTT

Frt/human fgH (V, D, ] 134 TCOTAGAAAGTATAGGAACTTCCTAGGGYTTICA

portion} CCGGTGGCGCGCCGAGCTTTCTGGTTICAGCC
AGGCGACACAGAACCAGGAAGACATCOTOOCTT
TICTA

human IgH (V, B, ] 135 CTTTGGAAAATGGGACTCAGGTTGGGTGOGTC

portion)ymouse IgH (Ep TGATGGAGTAACTGAGCCTCTAGACTGAGCA

portion} TTGCAGACTAATCTTGCGATATTTIGTCOCTGAG
GGAGCCGGCTO)

mouse gH (Ey 136 {AAACTTICTTAAAATTACTCTATTATTICTTCOCC

portionymouse TCR B TCTGATTATTGOGTCTCCAYCTCGAGTGCCATTY

{(TCR C containing end) TCATTACCTCYTTICTCCGCACCCGACATAGA

TAAAGCTT(GGAGACAGCTCTCAACTTCACCC
TTTCTGGGGGAGCGGGATGAAAAGGGA)

162548] In Strategy 1, following the cloning steps to generate LTVEC A, the
chimeric locus was introduced into ES cells in a single targeting step. As depicted in FIG.
11, human IgH V, D, and T segments were inserted downstream of the moouse 37 trypsinogen
{(TRY) genes (mouse TRY geunes are not depicted to scale; the TCR B locus contains a
number of TRY genes) and upstream of mouse TCRB C2 in ES cells bearing a TCRB locus
comprising deletion of all mouse TCRB V segments between the two frypsinogen repeats
{MATD 15435, sce FIG. 8A of U.S. Patent No. 9,113,616, incorporated herein by reference).
Thus, mouse TCRB D1-J1-C1 and D2-J2 were replaced with the human V, D, and J
segments, while the majority of mouse V segments were deleted. The mouse IgM enhancer
{Eu) was also ioserted 5" of TCRB C2, but it may also be deleted, e.g., in a targeting vector
used for electroporation, using methods known in the art. Optionally, the mouse TCR V{331
gene may also be deleted.

(6251} To make additional insertions of human IgH Vi segments, the Hyg genc in
MAID 1545 1s inactivated (see also FIG. 11). This can be done either before or after
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targeting by: (1) jutroducing a small indel mutation into the Hyg coding sequence using
CRISPR/Cas9 or zinc finger nuclease (ZFH) so that a functional Hyg protein can no longer
be made (See U.S Patent Application No. 14/731,914, filed June 5, 2013, 1ncorporated
herein by reference); or (2) replacing with Loxp-Neo-Loxp cassctte by homologous
recombination and subsequently removing the cassette with Cre.

132521 The junction sequences of the resuiting CAR Jocus are the same as listed in
Table 8 above. Neo-resistant ES cells are screened by TAQMAN® assay to identity
correctly targeted clones. Since the 1545 allele contains an upstream Hyg-Loxp cassetie,
Loxp site in LTVEC A allows determination of which TCRB allele 1s targeted in 154Shet
ES cells; therefore, Cre deletion of the region between the fwo Loxp sites is used to
determine which clones are targeted to the 1545 allele as opposed to the wild-type Terb
allele.

8253 In Strategy 2, the basic organization of the Terb locus (V segments between
the 5" and 3" Try gene clusters, and D and F segments between the 3" Try gene cluster and
the Terb2 constant) is preserved. Specifically, ES cells comprising 14 human TCRB V
scgments and all human TCRB D and J scgments (sce Fig. 7 of U8, Patent No. 9,113,616,
incorporated herein by reference) were modified by first replacing the region comprising
hurnan TCRB D and ¥ segments with tmrounoglobulin heavy chain B and J segments
utilizing a large targeting vector (LTVEC B, see FIG. 12) comprising from 5710 37: (1) a 5’
homology arm comprising mouse Try genes {mouse Try genes are depicted not to scale; the
TCR B locus contains a number of Try genes), {2) a HYG selection cassette, and (3} all
human immunoglobulin heavy chain D and J segments, (4) mouse Ep gene sequence, and
{5} 3" homology arm comprising mouse TCR B constant region, mouse Ef gene, and
mouse TCR V31 gene segment (step 1 of FIG. 13)

18254} Following this modification, and the removal of the sclection cassettes, ES
cells were further modified by electroporation with a large targeting vector (LTVEC D, see
FI1G. 12} comprising from 5” to 3": (1} a 5 homology arm comprising a mouse Try gene
{Try7), (2} a NEO selection cassette, (3) three human immunoglobulin heavy chain variable
gene segments, and (4) a 37 homology arm comprising a mouse Try gene (Try4) (see step 3
of FIG. 13},

[8255] The resulting ES cells comprise buman immunoglobulin heavy chain V gene

segments Val-3, Vgi-2, and Vy6-1, all human imemunoglobulin heavy chain D and T gene
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segments, as well as mouse immunoglobulin Eu enhancer, mouse TCR B constant region,
mouse TCR B enhancer, and a distal 3° mouse TOR V31 gene segment. At each step in
the strategy, successful introduction of a particular LTVEC was confirmed using a
TAGMAN® assay as described above.

16256] The final TCR B locus in the ES cells coutained the following junction

sequences, where mouse sequences are in parentheses, human sequences are in normal font,

wmultiple cloning sites are bolded, and Frt sequences are italicized:



WO 2016/044745

PCT/US2015/050975

Table 9: Junction sequences of the TCR B CAR locus of Strategy 2 (8 16 3%)

Junction Seg 1D | Seguence

No
mouse TCR | 137 (GGGGGGGTGOGEETGGAGGAGGAGGGTACAGCATCTCCTCTCCTTT
B {5 Try CICTOYWGGTACCGAAGTTICCTATTICCGAAGTTCCTATTCTUTAGAAAGT
repeal ATAGGA
end) Frt
Frt/human 138 TATTCTCTAGAAAGTATAGGAACTTCCTAGGGTTTICACCGGTGCGATY
fgH{V CGCATATCCATGTGTGTCCATTCTGGTTCAGCCAGGGACACAGAAL
segments) CAGGAAG
human Ighl 139 CAGGCTTGCAGTCCTGGGCAGACTCCGTCACCTCTCTATGCCTCAGC
v CTTGGCGCGCC(TTTICAAATTGTTGTTGAGTTCAAAGTGGGCAACA
segmentsym GAAAAGGOGOGTGTGAG)
ouse TCR B
3 Try
repeat end)
mouse TCR | 140 {(AATAATTAATAATAATAAATAGTAAATTTCTGTAGAATCATAATGA
B {3 Try GGITCTAGACCCUCCGGGUTCGATAACTATAACGGTCCTAAGGTA
repeat GCGAACCGOTATAACTTCGTATAAGGTATCUTATACGAAGTTATCTCG
end)/lox237 AGGGGGGGCCCGGTACCGATTCAATGTCCACACCCGGGGUTGGA
2/human {gH GOGTAGCCATGAGCCACGC
{(Dand}
segmenis)
human IgH 141 CTTTGGAAAATGGGACTCAGGTTGGGTGCGTC
{(Dandl TGATGGAGTAACTGAGOCTCTAGA(CTGAGCA
scgments)/m TTGCAGACTAATCTTGGATATTITGTCCCTGAG
ouse IgH GGAGCCGGCTG)
{Eu portion}
mouse IgH 142 {(AAACTTCTTAAAATTACTCTATTATICTTICCC

{Ey portion)/
mouse TCR
B{TCRC
containing

end)

TCTGATTATTGGTCTCCAYCTCGAGTGCCATY
TCATTACCTCTITOTCCGCACCCGACATAGA
TAAAGUCTHGCGAGACAGCTCTCAACTTCACCC
TTTCTGOGGUAGCGGGATOAAAAGGGA)

- 104 -




WO 2016/044745 PCT/US2015/050975

13257} As an alternative of the Strategy 2 described above, wnstead of introduction
of LYVEC B, LTVEC C (sce FIG. 12}, which does not comprise a mouse Ep, was
mtroduced. Additional strategies for generating chimeric TCR B CAR locus are described
in the provisional applications, U.S. Patent Application Nos. 62/052,947, 62/676,836,
62/094,603, 62/167,650, incorporated herein by reference. Finally, as depicted in FIG. 13,2
distal 3° TCR V31 can be deleted using various strategies, including using CRISPR/Cas9
technology.

[3258] Auy selection cassettes remaining may be removed using either Cre or Flpo
enzymes (see, e.g., FIG. 13). If desired for cither Srrategy {1 or Srrategy 2, additional hurnan
Vi segments are added to the TCR variable region locus using LTVECs having a 5" mouse
Terb homology arrn described above hinked to human IgH sequences that overlap with the
initial insertion.

16239] Targeted ES cells described above were used as donor ES cells and
introduced nto an 8-cell stage mouse embryo by the VELOCIMOUSE®R method.
VELOCIMICE® (FO mice fully derived from the donor ES celly independently bearing a
chimeric human IgH V — mouse Terb C gene were tdentified by genotyping using a
modification of allele assay that detects the presence of the unique gene sequences.
Example 2.3. Construction of Chimeric Antigen Receptor Mice

16268] Mice bearing chimeric human fgk V — mouse Tera C gene and chimeric
hurnan IgH V — mouse Terb C gene are bred together to generate mice comprising both
chimeric loci. Mice comprising both such chimeric loci express on their T cell surface a
chimeric antigen receptor {CAR) comprising a T cell receptor constant domain and an
imrounoglobulin variable domain (a voouse T cell receptor coustant domain and human
mmmunoglobulin variable domain}. Progeny are bred to homozygosity with respect to cach
chimeric gene.

8261} Alternatively, ES cells comprising either chimeric human Igx — mouse Tera
C gene or chimeric hurman IgH V — mouse Terb C gene are used to infroduce 4 targeting
vector comprising the other chimeric gene (chimeric human igH V — mouse Terb C gene or
chimeric human Igx — mouse Tera C gene, respectively), and ruice carrying both chimeric
genes are generated from these ES celis via VELOCIMOUSE® method as described above.
18262} Expression of chimeric human Igik — mouse Tera C/chimeric human IgH V -

mouse Torb C antigen receptors is detected on the cell surface. One method for detection
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combines: {1} FACS analysis to detect TCR constant region expression {anti-TCR alpha
antibody F1 (3AR) #TCR 1145, Thermo-Pierce; anti-TCR beta antibody F1 (8A3)
H#TCR1151, Thermo-Pierce; anti-TCR alpha-beta heterodimer antibody clone TI0BS. 1A~
31, BD-Pharmigen; anti-TCR alpha-beta heterodimer antibody clone 1P26; eBigscience)
using standard techniques, with (2) Western blotting to confirm the size of the chimeric
proteins using the same antibodies, and with (3) RT-PCT using forward primer
combinations that anneal to the immunoglobulin variable segment sequences and a primer
that anneals to the TCR constant region sequence to confirm the expression of the chimerie
transcripts. Additionally, a corabination of anti-CD3 and anti-TCR alpha-beta antibodies
can be used to confirm the formation of TCR/CD3 complex on the cell surface. Next-
generation sequencing as described above s also used to contirm expression of chimeric
transcripts.

Example 3. Human Igx Variable Region Segment Usage in T Cells in Mice Harboring
an fgr/TCRa Chimeric Antigen Receptor Locus

18263 Thymocytes and spienocytes were harvested from three mice comprising in
their genome a CAR locus in which a TCRa variable region was replaced by a partial
human Igx variable region (4 functional V, and 3 functional k in FIGs. 14 and 15 — see
mice generated as depicted 1o FIG. 6; 16 functional V and 5 functional J, in FIGs. 16 and
17 — see rmce generated as depicted 1o FIG. 7). T cells were posttively enriched from total
splenocytes by magnetic cell sorting using anti-CD90.2 magnetic beads and MACS®
colurims (Miltenyi Biotech). Total RNA was wsolated frovo the purified splenic T cells and
thymocytes using an RNeasy Plus RNA isolation kit (Qiagen} according to manufacturer’s
mstructions.

13264] Reverse transcription was performed to generate ¢cDNA containing TCRa
constant region sequence, using 8 SMARTer™ RACE ¢DNA Amplification Kit {Clontech)
and a TCRa specific primer (5 -TCAAAGTCOGGTGAACAGGCAGAG- 37, SEQ ID NO:
143}). During this process, a DNA scquence (PHA: 5" —
CCCATGTACTCTGCOGTTGATACCACTGCOTT -3/ SEQ 1D NGO 144) was attached to
the 3’ end of the newly synthesized ¢cDNAs. The cDNAs were purified by the
NUCLEQSPIN® Gel and PCR Clean-Up Kit {(Clontech).

[6265] Purificd cDINAs were then amplified by PCR using a PHA specific primer
{5 -
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GTCGACTGOAGTTCAGACGTOGTGCTCTTCCCGATCTAAGCAGTGGTATCAACGCAG
AGT -3 SEQ D NO: 145) and a TCRa specific primer (57 -
ACACTCTTTCCCTACACGACGUTCTTCCGATCTACAGCAGOTTCTGGOTTCTGG
ATG- 35 SEQ ID NO: 146}, PCR products were separated on 2% agarose gels and
fragroents between 400-700 bp 1o length were isolated and purified using a gel extraction
kit (Qiagen}). These fragments were further amplified by PCR using following primers: 5" -
AATGATACGGCGACCACCGAGATCTACACK XXX XXACACTCTTTCCCTACACG
ACGUTCTTCCGATC -3 and 5'-
CAAGCAGAAGACGGCATACGAGATXX XX XGTGACTGGAGTTCAGACGTGTGCT
CTTCCGATCT -3 (SEQ 1D N 147 and SEQ 1D NO: 148, respectively; “XXXXXX”
represents a 6bp index sequences to enable nwltiplexing samples for sequencing). PCR
products between 400bp-600bp were isolated, purified, and quantified by gPCR usimg a
KAPA Library Quantification Kit {(KAPA Biosystems) before loading onto a Miseg
sequencer (Hlumina) for sequencing.

13266] For bioinformatic analysis, the resulting Hhumina sequences were sorted
based on the sample index perfect maich and trimmed for quality. Overlapping mate-pairs
were then assembled and annotated based on alignment of rearranged Igx sequences to
huran germline V and J segments database and rearranged TCRo sequences to mouse
gerrnline V oand J segments database using local installation of igblast (NCBI, v2.2.25+). A
sequence was marked as ambiguous and removed from analysis when mmltiple best hits
with ideuntical score were detected. A set of perl seripts was developed to analyze results
and store data in mysgl database.

(8267} For mice comprising 4 functional V and 5 functional X, as shown in FIG.
14, sequence analysis revealed that the Ig x variable domain in the CAR locus underwent
VIrecombination in T cells and thyroocytes of the CAR transgenic mouse, with ~80% of
reads containing the most proximal Vi gene segment (IGVK4-1}, which rearranged with
different Jx gene scgraents in both the spleen and thymus. As shown in FIG. 15, the
wmajority rearranged human Ige VI sequences amplified from splenuc T cells were
productive.

16268 For mice comprising 16 functional Ve and S functional J, as shown in FIG.
16, sequence analysis revealed that the Ig « variable domain in the CAR locus underwent

Vi recornbination in splenic T cells and thymocytes of the CAR transgenic mouse. These
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rearrangements involved all functional human Vi and Jx segroents, with ~40% of reads
containing the most proximal Vi gene segment (IGVK4-1). As shown in FIG. 17, ~2/3 of
rearranged huroan Ig x VI sequences araplified from splenic T cells and thymus were
productive.

Example 4. Human IgH Variable Region Segment Usage in T Cells in Mice Harboring
an fgH/TCRE Chimeric Antigen Recepior Locus

[6269] Thymocytes from four mice comprising in their genome a CAR locus in
which a TCRp variable region was replaced by a partial hurean IgH variable region (3
functional human VH and all functional hurnan D and JH gene segments, See FIG. 13}, and
splenocytes from three mice comprising in thetr genome the same CAR (IgH+TCRCR)
focus, were harvested. T cells were positively enriched from total splenocytes by magnetic
cell sorting using anti-CD90.2 magnetic beads and MACS® columns (Miltenyi Biotech).
Total RNA was isolated from the purified splenic T cells and thymocyies using an RNeasy
Plus RNA 1solation kit (Qiagen) according to manufacturer’s mstructions.

162781 Reverse transeription was performed to generate cIDNA containing TCRJ
constant region sequence, using a SMARTer™ RACE cBNA Amplification Kit (Clontech)

and a TCRP specific primer (5" — CGAGGGTAGCCTTTTGTTTGTTITGC -3 SEQ ID

NQO: 149). During this process, a DNA sequence (57—
CCCATGTACTCTGCGTTGATACCACTGCTT -37; SEQ ID NO: 150) was attached to
the 3’ end of the newly synthesized cDNAs. The cDBNAs were purified by the
NUCLEOSPIN® Gel and PCR Clean-Up Kit (Clontech).

18271 Purified cDNAs were then amplified by PCR using primers 57~
ACACTCTTITCCCTACACGACGCTCTTCCGATCTGACCTTIGGGTGGAGTCACATTT
CTC -3 and 5°-
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTAAGCAGTGGTATCAACGCAG
AGT -37 (SEQ 1D NOs: 151 and 152, respectively). These fragments were further amplified
by PCR using following primers: 57 —
AATGATACGGCGACCACCGAGATCTACACK XX XX XACACTCTTTICCCTACALCG
ACGCTCTTCCGATCT -3 and 5°-
CAAGCAGAAGACGOCATACGAGATXX XXX XGTGACTGGAGTTCAGACGTGTGC
TCTTCCGATCT -3 ("XXXXXX” 18 a six-nucieotide barcode sequence; (SEQ 1D NOs:
153 and 154, respectively)). PCR products between 490-710 base pairs were isolated,
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purified, and guantified by gPCR using a KAPA Library Quantification Kit (KAPA
Biosystems) before loading onto a Miseq sequencer (Hlumina} for sequencing.

16272} For bioinformatic analysis, the resulting Hlumina sequences were
demultiplexed and trimmed for guality. Overlapping paired-end reads were then assembled
and annotated based on alignment of rearranged 1gH sequences to human germline V, D
and J segments database using local instailation of igblast (NCBI, v2.2.25+}). A sequence
was marked as ambiguous and removed frorn analysis when multiple best hits with
identical score were detected. A set of PERL scripts was developed to analyze results and
store data in roysgl database.

18273} For mice comprising 3 functional human Vy and all functional human D and
Ju, as shown in FI1G. 18, sequence analysis revealed that the IgH variable region in the CAR
locus underwent VIN recombination in spleen and thymus of the CAR transgenic mouse.
Analysis of Viy and Jy segments is shown. As shown in FIG. 19, the majority of rearranged
huran IgH VDI sequences amplified from spleen or thymus were productive.

Example 5: Generation of Antigen Binding Proteins from Mice Harboring Chimeric
Antigen Recepior Loci

16274} After breeding mice that contain engineered chimeric antigen receptor loct
hurnan Igx — mouse Tera € and human IgH V — mouse Terb C as described above in
Example 2, selected mice are imrouryzed with an antigen of iuterest {e.g., an antigen that
will be presented on MHC, such as a viral peptide-MHC antigen; tumor peptide-MHC
antigen; self-autoimmune peptide-MHC antigen). Following antigen challenge, antigen-
specific T cells are recovered from the animals by sorting with a labeled tertramerized
version of mmunogen. The sequences of Igk and 1gH variable regions of the sorted CAR T
cells are determmned and these variable region sequences are cloned n operable hnkage
upstream of the human TCRa and TCR constant regions, respectively. The chimeric
nucleic acid sequences are introduced into reporter T cell lines. Reporter T cell lines are
screened on target cells expressing the peptide-MHC complex used for immunization, and
(CARs having the desired property, e.g., affinity, selectivity, epitope, efc., for the antigen of
triterest are sclected. The sequences of Igk and 1gH variable regions of the selected CAR
are determined and these variable region sequences are cloned in operable hinkage upstream
of the human Igx and IgH constant regions, respectively, for generation of human
antibodies that are specific for the targeted peptide-MHC complex. These antibodies can be
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used to target infected or tumor cells that express the peptide-MHC of interest for
destruction. Alternatively, if the peptide-MHC target is involved in inducing autoimmunity,
these antibodies can be used to block the activation of autoimmune T-cells to alleviate the
symptoms of disease. Additionally, the chimeric hnman CAR clone obtained from
mmmunization of the CAR mouse described herein can be used, e.g., for introduction into 2

T cell obtained from a human patient for adaptive T cell transfer.

Incorporation by Reference

[8275] Al 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 individnally indicated to be incorporated by

reference. lu case of conflict, the present application, including any definitions herein, will

control.
Equivalents
18276} Those skilled 1n the art will recognize, or be able to ascertain using no more

than routine experimentation, many equivalents to the specific embodiments of the
mvention described herein. Such equivalents are intended to be encompassed by the

following claims.
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What 1s claimed is:

1. A genetically modified non-hursan aniroal comprisiog in its germbine a chimeric
antigen receptor (CAR) locus, the CAR locus comprising:

an unrearranged varigble region locus comprising unrearranged immunoglobulin
{1g) variable region gene segments; and

a constant region locus comprising a T cell receptor {TCR) constant region;

wherein the human unrearranged Ig variable region gene segments are operably
finked to the TCR constant region gene such that the genctically modified non-human
animal expresses a CAR polypeptide comprising an Ig variable domain encoded by a
rearranged Ig variable region gene derived from the unrearranged Ig variable region gene

segments and a TCR constaunt domain encoded by the TCR. constant region gene.

2. The genetically roodified non-human animal of claim 1, wherein the unrearranged

Ig variable region gene segments are human,

3. The genetically modified non-human animal of claim 1 or claim 2, wherein the TCR

constant region gene is of endogenous specics origin.

4. The genetically modified non-human animal of claim 1 or claim Z, wherein the TCR
constant region gene is a mouse TCR constant region gene or a rat TCR. constant region

ene.

[4je]

5. The genetically modified non-human animal of any one of claims 1 to 4, wherein
the unrcarranged Ig variable region gene segrents are human Ig heavy chain (IgH)} varnable

region gene segments.
6. The genetically modified non-human auimal of any one of claims 1 to 4, wherein

the unrearranged Ig variable region gene segments are human {g Hght chain (Igh) variable

region gene segments.
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7. The genetically modified non-human animal of claim 6, wherein fgl. variable region
4 3 A

ene seements are huinﬁn K Cene sepments.
4 & E3 =

&. The genetically modified non-human animal of claim 6, wherein IgL variable region

gene segments arc A gene segments.

9. The genetically modified non-human animal of any one of claims | to 8, wherein

the TCR constant region gene is a TCRa constant region gene.

10, The genetically modified non-human animal of claim 9, wherein the genetically

modified non-human animal does not express a functional TCRa chain.

11.  The genctically modified non-human animal of claim 9, wherein the CAR locus is

focated at an endogenous TCRea locus.

12, The genetically modified non-human animal of claim 9, wherein the unrcarranged

human g variable region gene segments replace endogenous TCRa variable region gene

segments.
13, The genetically modified non-human animal of claim 11, wherein the TCRe

constant region gene is an endogenous TCRa constant region gene.

14, The genctically modified non-human animal of any one of claims 1 to 8, wherein

the TCR counstant region gene is a TCRE constant region gene,
gion g g

15.  The genetically modified non-human animal of claim 14, wherein the genetically

modified non-human animal docs not express a functional TCRP chaim.

16.  The genetically modified non-human animal of claim 14, wherein the CAR locus is

located at an endogenous TCRP locus.
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17.  The geuetically wodified non-human animal of claim 16, wherein the unrearranged
human g variable region gene segments replace endogenous TCRP variable region gene

segments,

18, The genctically roodified non-human animal of claim 16, wherein the TCR

constant region gene is an endogenous TCRP constant region gene.

19, A genetically modified non-human animal comprising in its germline a first CAR
focus and a second CAR locus,

the first CAR locus comprising a first unrearranged vartable region locus
comprising unrearranged immunoglobulin (Ig) Va, Dy and Jiy gene segments and a first
constant region locus coroprising a T cell receptor § (TCRP) counstant region geve, wherein
the unrearranged g Vy, Dy and Ji gene segments are operably linked to the TCRp constant
region gene such that the genetically wodified 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 unrearranged Ig Vi, Dy and Jy gene
segments and a TCRP coustant domain enceded by the TCRP constant region gene, and

the second CAR locus coraprising a second unrearranged vartable region locus
comprising unrearranged Ig V. and J¢ gene segments and a second constant region locus
comprising a T cell receptor o (TCRu) constant region gene, wherein the unrearranged I
Vi and k¢ gene segments are operably hinked to the TCRa counstant region gene such that the
genetically modified non-human animal expresses a second CAR polypeptide chain a
comprising an Ig  variable domain encoded by a rearranged Ig x 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,

wherein the genetically modified non-human animal expresses a CAR comprising

the first CAR pelypeptide chain and the second CAR polypeptide chain.

20.  The genetically modified non-human animal of claim 19, wherein the Ig Vy, Dy and

Ju gene segments and/or the Ig Vi and I gene segments are human.
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21, The genctically roodified non-human animal of claim 19 or 20, wherein the TCRP

constant region gene and/or the TCRa constant region gene 1s of endogenous specigs origin.

22, The gencetically modified non-human animal of claim 19 or 20, wherein the TCRp

constant region gene and/or the TCRo constant region gene 18 & mouse goene or & rat gene.

23, The genetically modified non-human animal of any one of claims 19 to 22, wherein
the genetically modified non-human animal does not express a functional TCRa chain

and/or a functional TCRP chain.

24, The genetically modified non-human animal of any one of claims 19 to 23, wherein

the second CAR locus is located at an endogenous TCRu locus.

25, The geunctically roodified non-human animal of claim 24, wherein the unrearranged

lo V. and ), cene segments replace endogenous TCRa variable region gene seaments.
é:» ) 5 §:~

26, The genetically modified non-human animal of claim 24 or 25, wherein the TCRy

constant region gene s an endogenous TCRa constant region gene.

27.  The genetically modified non-human animal of any one of claims 19 to 26, wherein

the first CAR locus is located at an endogenous TCRB locus.
28, The genctically moditfied non-human animal of any one of claims 27, wherein the
unrearranged Ig Vy, By and Ji gene segments replace endogenous TCRP variable region

gene segrments,

29, The genetically modified non-human animal of claim 27 or 28, wherein the TCRJ

counstaut region geue 18 an endogenous TCRP constant region gene.
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30, The genctically roodified non-human animal of any one of claims 1 to 29, wherein
the genetically modified non-human animal expresses one or more chimeric MHC class [ a
chain polypeptides comprising a human exiracelhular domain and a cytoplasmic domain of

endogenous species origin,

31, The genctically modified non-human animal of claim 30, wherein the one or more
chireric class T« chain polypeptides are selected from a group consisting of HLA-A, HLA-

B, HLA-C, HLA-E, HLA-F, HLA-g, HLA-K and HLA-L.

32. The genetically modified non-human animal of any one of claims 1 to 31, wherein
the genetically modified non-human animal expresses a human B-Z-microglobulin

polypeptide.

33, The genctically roodified non-human animal of any one of claims 1 to 32, wherein
the genetically modified non-human animal expresses one or more chimeric MHC class [ o
chain polypeptides comprising a human extracclhular domain and a cytoplasmic domain of
endogenous species origin and/or one or more chimeric MHC class H  chain polypeptides
comprising a hurman extraccllular domain and a cytoplasmic domain of endogenous species

origin.

34, The genetically modified nou-human animal of claira 33, wherein the one or wore
chimeric MHC class {1 o chain polypeptides are selected from a group consisting of HEA-
DMA, HLA-DOA, HLA-DPA, HLA-DQA and HLA-DRA, and/or the onc or more

chimeric MHC class 11 B chain polypeptides are selected from a group consisting of HLA-

DMB, HLA-DOB, HLA-DPB, HLA-DQB and HLA-DRB.

35, The genctically roodified non-human animal of any one of claims 1 to 34, wherein
the genetically modified non-hursan animal expresses a chimeric CDE o chain polypeptide
comprising a human extracellular imnunoglobulin domain and a cytoplasmic domain of
endogenous species origin and/or a chimeric CD8 B chaio polypeptide comprising a human
extracellniar immunoglobulin domain and a cytoplasmic domain of endogenous specics

origin.
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36.  The genctically roodified non-human animal of any one of claims 1 to 35, wherein
the genetically modified non-human animal expresses a chimeric CD4 polypeptide
comprising a human D1 imomunoglobulin domaim, a huwan D2 imvounoglobuolin dowain, a
human D3 immunoglobulin domain, 2 D4 immunoglobulin domain, and a cytoplasmic

domain of endogenous species origin,

37.  The genetically modified non-human animal of any onc of claims 1 to 36, wherein

the CAR has binding specificity for a peptide/MHC complex.

38.  The genctically modified non-human animal of any one of claims 1 to 37, wherein

the CAR 1s expressed on T cells of the genetically modified non-human animal.

39.  The genctically modified non-human animal of claim 3%, wherein the T cells
undergo positive and negative selection in the thyrous of the geoetically modified non-

human animal.

44.  The genetically modified non-human animal of any one of claims 1 to 39, wherein

the genetically modificd non-hurnan animal 18 a rodent,

41.  The genetically modified non-human animal of claim 40, whercin the rodent is a
mouse,
42, A method of making T cell expressing & CAR specific to a peptide presented on a

MHC comprising:
{a) exposing a genetically modificd non-human animoal of any one of claims 1 to
41 to an auntigen comprising a peptide or a nucleic acid encoding an antigen comprising a
& &
peptide such that the peptide is presented on a MHC 1 the non-human animal; and
(by  obtaining a T cell expressing a CAR specific for the peptide presented on the

MHC from the genctically modified non-humman animal of (a).

43. A T cell made according to the method of claim 42.
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44, A method of making T cell hybridoma expressing a CAR specific to a peptide
presented on a MHC comprising:

(a3 exposing a genetically modified non-human animal of any one of claims 1 to
41 to an antigen comprising a peptide or a nucleic acid encoding an antigen comprising a
peptide such that the peptide is presented on a MHC 1 the non-human animal;

{b) obtaining a T cell expressing a CAR specific for the peptide presented on the
MHC from the genetically modified non-hurnan animal of (a); and

(¢} making a T cell hybridoma from the T cell of step {(b).

45, AT cell hybridoma made according to the method of claim 44,

46, A method for making a nucleic acid encoding an g variable domain specific to a
peptide presented on a MHC comprising:

{a) exposing a non-human amimal of any oune of claims 1 to 41 to an antigen
comprising a peptide or a nucieic acid encoding an antigen comprising a peptide such that
the peptide is presented on a MHC 1n the non-huran animal;

(b) obtaining a T cell expressing a CAR specific for the peptide presented on the

MHC from the genetically modified non-human animal of (a); and

(<) isolating a vucleic acid encoding an Ig variable domawm of the CAR from the
T cell.
47. A mucleic acid encoding an Ig variable domain specific to a peptide presented on a

MHC made according to the method of claim 46

48, A method for making an antibody specific to a peptide presented on a MHC
comprising:
(a) exposing a non-human animal of any one of claims 1 to 41 to an antigen

comprising a peptide or a nucleic acid encoding av antigen comprising a peptide such that
the peptide is presented on a MHC in the non-human animal;
(by  obtaining a T cell expressing a CAR specific for the peptide presented on the

MHC from the genetically modified non-human animal of (a);
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isolating a vucleic acid encoding an Ig variable domawm of the CAR from the

(c)

T cell;
operably Huoking the nucleic acid encoding the Ig variable domaim with an Ig

(d)
constant domain in a host cell; and
culturing the host cell under conditions such that the host cell expresses an

{e)
antibody comprising the Ig variable domain and the Ig constant domain.

The method of claim 48, wherein the Ig constant domain is a human Ig constant

49,

dornain.
An antibody specific to a peptide presented on a MHC made according to the

50.
method of claim 48 or 49,

A wmethod for making a human cell expressing a CAR comprising a buman Ig

st
variable domain and a human TCR constant domain comprising:
cxposing a non-hurnan anirnal of any one of claims 1 to 41 to an antigen

{a)

comprising a peptide or a nucleic acid encoding an antigen comprising a peptide such that

the peptide 18 presented on a MHC in the non-human animal;
{b) obtaining a non-human avimal T cell expressing a CAR specific for the

peptide presented on the MHC from the genctically modified non-human animal of (a);

isolating a nucleic acid encoding an Ig variable domaiu of the CAR from the

non-human animal T cell; and

(e)
operably hinking the nucleic acid encoding the Iy variable domain with
nucleic acid encoding a human TCR constant domain in a human cell such that the human

(d)
cell expresses a CAR coraprising the Ig variable domain and the hurman TCR counstant

domain.
52. The method of clatrn 51, wherein the hurnan cell is 3 human T cell.
53 The method of claim 52, wherein the human T cell 15 an ex-vive isolated human T
cell.
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54. A human cell expressing a CAR comprising a human Ig vanable domaim and a

human TCR constant domain made according to the method of any one of claims 51 to 53,

55. A cell expressing a CAR obtained from or obtainable from a genetically modified

non-human animal of any one of claims 1 to 41

56. The cell of claim 55, wherein the cell is a T cell
37.  Theccll of elaim 55, wherein the cell 18 a T cell hybridoma.
58, A nucleic acid comprising a rearranged Ig variable region gene obtained from or

obtainable from a genetically roodified non-human animal of any one of claims 1 to 41,

59, The nucleic acid of claim 58, wherein the nucieic acid encodes a CAR.

60. A nucleic acid comprising a rearranged Ig variable region gene obtained from or

obtainable from a cell of any one of claims 55 to 57.

61. The nucleic acid of claim 60, wherein the nucieic acid encodes a CAR.

62.  The nucleic acid of any one of claims 60 to 61, wherein the rearranged Ig variable

region gene encodes an g variable domain specific for a peptide presented on a MHC.

63. A CAR specific for a peptide presented on a8 MHC obtained from or obtainable from

a genetically modified non-human animal of any one of claims 1 to 41,

64. A CAR specific for a peptide presented on a MHC obtained from or obtainable from

a cell of any one of claims 55 to 57,
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65. A von-human embryouie stern (ES) cell coraprising in its genome a chiweric
antigen receptor (CAR) locus, the CAR locus comprising:

an unrcarranged variable region locus coroprising unreartanged froraunoglobulin
{Ig} variable region gene segments; and

a constant region locus comprising a T cell receptor (TCR) constant region gene;

wherein the unrearranged Ig variable region gene segments are operably Hinked to

the TCR constant region gene.

66.  The non-human ES cell of clatm 65, wherein the unrearranged Ig variable region

gene segments are human.

67. The non-human ES cell of claim 65 or 66, wherein the TCR. constant region gene is

of endogenous specics origin,

68.  The non-human ES cell of claim 65 or 66, wherein the TCR constant region gene is

4 mouse constant region gene or a rat constant region gene,

69, The non-human ES cell of any one of claims 65 to 68, wherein the unrearranged Ig
variable region gene segrents are human Ig heavy chain (IgH) vanable region gene

scgments.
70. The non-human ES cell of any one of claim 65 to 6¥, wherein the unrearranged Ig
vartable region gene scgrents are human Ig light chain (Igl) variable region gene

segments.

71, The non-buman ES cell of claim 70, wherein Igl. variable region gene segments are

huran K gene scgracnts,

72.  The non-human ES cell of claim 70, wherein fgl variable region gene segments are

A gene segments.
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73.  The von-human ES cell of any one of clairas 65 to 72, wherein the TCR constant
region gene is a TCRa constant region gene.

~y
Ji
i

74, The non-human ES cell of claim 73, wherein the CAR locus 18 located at an

endogenous TCRau locus.

75, The non-human ES cell of claim 74, wherein the unrearranged human Ig variable

region gene segments replace endogenous TCRa variable region gene segments.

76. The non-human ES cell of claim 74 or 75, wherein the TCRa constant region gene

is an endogenous TCRa constant region gene.

77.  The non-human ES cell of any one of claims 68 to 72, wherein the TCR constant

region gene s a TCRP constant region gene.

78, The non-human ES cell of claim 77, wherein the CAR locus is located at an

endogenous TCRP locus.

79, The von-human ES cell of claim 78, wherein the unrearranged human Ig variable

region gene segments replace endogenous TCRP variable region gene scgments.

%0.  The non-human ES cell of claim 78 or 79, wherein the TCRJ constant region gene

1s an endogenous TCRP constant region gene.

81. A non-hurmnan ES cell comprising in its genome a first CAR locus and a second
CAR locus,

the first CAR locus comprising a first unrearranged variable region locus
comprising unrearranged immunoglobulin (Ig) Vi, Dy and Ji gene segments and a first
constant region locus comprising a T cell receptor B (TCRB) constant region gene, wherein
the vurearranged g Vi, Dy and I gene segments are operably hinked to the TCRp constant

region gene, and
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the second CAR locus comprisiog a second unrearranged variable region locus
comprising unrearranged Ig Vi and J, gene segments and a seccond constant region locus
comprising a T cell receptor o (TCRu) constant region gene, wherein the unrearvanged Ig

V and J gone segments are operably linked to the TCRa constant region gene.

82.  The von-human ES cell of any one of claims 65 to 81, wherein the non-buman ES
cell coraprises in its genorac one or more nucleic acid sequences encoding a chimeric MHC
class I o chain polypeptides comprising a human extracellular domain and a cytoplasmic

domain of endogenous species origin,

83.  The non-human ES cell of claim &2, wherein the MHC class I o chain polypeptide is
selected from a group consisting of HLA-A, HLA-B, HLA-C, HLA-E, HLA-F, HLA-g,
HLA-K and HLA-L.

84.  The von-human ES cell of any one of claims 65 to 83, wherein the non-buman ES
cell coraprises in its genore a nucleic acid sequence encoding a human B-2-microgiobulin

polypeptide.

85.  Thevon-human ES cell of any one of clairus 65 to 84, wherein the non-buman ES
cell comprises in its genome one or more nucleic acid sequences encoding a chimeric MHC
class I o chain polypeptide comprising a buman extracellular domain and a cytoplasmic
domain of endogenous species origin and/or one or more nucleic acid sequences encoding a
chimeric MHC class 1T B chain polypeptide comprising a human extracellular domain and 2

cytoplasmic domain of endogenous species origin.

%6, The non-human ES cell of claim 85, wherein the chimeric MHC class H ¢ chain
polypeptides are sclected from a group consisting of HLA-DMA, HLA-DOA, HLA-DPA,
HLA-DQA avd HLA-DRA and/or the MHC class U B chain polypeptide is selected from a
group consisting of HLA-DMB, HLA-DOB, HLA-DPB, HLA-DQB and HLA-DRB.
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87.  Thevon-human ES cell of any one of clairus 65 to 86, wherein the non-buman ES
cell comprises in its genome a nucieic acid sequence encoding a chimeric CP8 o chain
polypeptide comprising a human extracellular immunoglobulin domain and a cytoplasmic
domain of endogenous species origin and/or a nucleic acid sequence encoding a chimeric
CDS § chain polypeptides comprising a human extracellular immunoglobulin domain and a

cytoplasmic domain of endogenous species origin.

8&.  The non-human ES cell of any one of claims 65 to 87, wherein the non-human ES
cell comprises in iis genome a nucleic acid sequence encoding a chimeric CD4 polypeptide
comprising a buman D1 immunoglobulin domain, a human D2 immunoglobulin domain, a
human D3 immunoglobulin domain, 2 D4 immunoglobulin domain, and a cytoplasmic

domain of endogenous species origin.

89.  Thevon-human ES cell of any one of clairus 65 to B8R, wherein the non-buman ES

cell is a rodent ES cell

it The non-human ES cell of claim 89, wherein the rodent ES cell is a mouse ES cell

91. A wmethod of making a genetically medified noo-human animsal that expresses a

CAR, the method comprising using the non-human ES celi of any one of claims 65 to 90

92 A genetically modified non-human animal generated using or obtainable from the

mcthod of ¢laim 91.

93. A non-human erabryo comprising the non-human ES cell of any onc of clairas 65 to
90.
94. A chimeric auntigen recepior {CAR) locas comprising:

an unrcarranged variable region locus comprising unrearranged immunoglobulin
{Ig) variable region gene segments; and

a constant region locus comprising a T cell receptor (TCR) constant region;
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wherein the unrearranged Ig vaniable region gene segments are operably linked to

the TCR constant region gene.

95, The CAR locus of claim 94, wherein the Ig variable region gene segments are
hurnan.
96.  The CAR locus of claim 94 or claim 95, wherein the TCR constant region gence is a

rodent TCR constant region gene.

97.  The CAR locus of any one of claim 96, wherein the rodent TCR constant regionis a

mouse TCR constant region.

98. A CAR locus comprising an unrearranged variable region locus comprising
unrearranged imrounoglobulin (Ig) Vi, Dy and Jy geoe segments and a coustant region
focus comprising a T cell receptor 8 (TCRP) constant region gene, wherein the
unrcarranged Ig Vg, Dy and Ji gene scgments are operably linked to the TCR constant

region gene.

98, The CAR locus of claimn 98, wheremn the Ig Vi, Dy and Jir gene segments are

human.

100.  The CAR locus of claim 98 or 99, wherein the TCRJ constant region gene is a

mouse TCRP constant region geone.

101, A CAR locus comprising an unrcarranged variable region locus comprising
unrearranged Ig V. and J gene segmeunts and a constant region locus comprising a T cell
receptor o (TCRa) constant region gene, wherein the human unrearranged Ig Vy and J, gene

segments are operably Hoked to the TCRu constant region gene.

102.  The CAR locus of claim 101, wherein the Ig V. and J¢ gene segments are human.
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103, The CAR locus of claim 101 or 102, wherein the TCRu constant region gene is a

mouse TCRa constant region gene.

104. A chimeric antigen receptor {CAR) comprising a first CAR polypeptide comprising
an g heavy chain variable domain and a TCRP constant domain and a second CAR
polypeptide comprising an Ig light chain variable domain and a TCRg constant domain,

wherein the CAR has binding specificity for a peptide/MHC complex.

105,  The CAR of clatm 104, wherein the Ig light chain variable domam s an Ig ¢

variable domain.

106,  The CAR of claim 104, wheren the Ig hght chain variable domam s an Ig A

variable domain.

107.  The CAR of any one of claims 104 to 103, wherein the Ig heavy chain variable

domain and the Ig light chain variable domain are human Ig variable domains.

108. A chimeric antigen receptor (CAR) comprising a first CAR polypeptide comprising
an Ig heavy chain varnable domain and a TCRa constant domain and a second CAR
polypeptide comprising an Ig light chain variable domain and a TCRp constant domain,

wherein the CAR has binding specificity for a peptide/MHC complex.

109, The CAR of clatm 108, wherein the Ig light chain variable domamn s an Ig ¢

variable domain.

110, The CAR of clatm 10K, wherein the Ig light chain variable domam is an Ig A

variable domain.

111, The CAR of any one of claims 108 to 110, wherein the Ig heavy chain variable

domain and the Ig hight chaion variable domain are human Ig variable domains.

112, A cell expressing a CAR of any onc of claims 103 to 111
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113, Thecellof claim 112, wheremn the cell is a T ¢ell.

114, A method of inducing an immmuue respouse to a peptide/MHC complex in a subject
comprising administering to the subject a human T cell expressing a chimeric antigen
receptor ({CAR) comprising a first CAR polypeptide comprising a human Ig heavy chain
variable domain and a human TCRB constant domain and a second CAR polypeptide
comprising a human Ig light chain variable domain and a hursan TCRa constant dornain,

wherein the CAR has binding specificity for the peptide/MHC complex.

115, A nucleic acid composition comprising a first nucleic acid sequence encoding a first
CAR polypeptide comprising an g heavy chain variable domain and a TCRp constant
domain and a second nucleic acid sequence encoding a second CAR polypeptide
comprising an ig light chain variable domain and a TCRa constant domain, wherein a CAR
comprising the first CAR polypeptide and the second CAR polypeptide has binding

specificity for a peptide/MHC complex.

116, A method of making a non-human animal comprising a genetic modification,
comprising enginecring the non-human animal to comprise in s germhine a chirneric
antigen receptor {CAR ) locus, the CAR locus comprising:

an unrcarranged variable region locus comprising unrearranged immunoglobulin
{Ig) variable region gene segments; and

a constant region locus comprising a T cell receptor (TCR) constant region;

wheretn the human unrearranged Ig variable region gene segments arc operably
tinked to the TCR constant region gene such that the genetically modified non-human
anirnal cxpresses a CAR polypeptide comprising an Ig variable domain encoded by a
rearranged fg variable region gene derived from the unrearranged Ig variable region gene

segments and a TCR constant domain encoded by the TCR constant region gene,

117, The method of claim 116, wherein the unrearranged Ig variable region gene

scgments are human,
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118, The method of claira 116 or claim 117, wherein the TCR constant region gene is of

endogenous species grigin,

119, The method of claim 116 or claim 117, wherein the TCR constant region gene 18 a

mouse TCR constant region gene or a rat TCR constant region gene.

120, The method of any one of claims 116 to 119, wherein the unrearranged g variable

region gene segments are human Ig heavy chain (IgH) variable region gene segments.

121, The method of any one of claims 116 to 119, wherein the unrearranged Ig variable

region gene segments are human Ig light chain (Igh) variable region gene segments.

122, The method of claim 121, wherein Igl variable region gene segments are human x

gene segments,

123, The method of claim 121, wherein Igl variable region gene scgments are A gene

segments.

124, The wethod of any one of claims 116 to 123, wherein the TCR constant region gene

is a TCRy constant region gene.

125, The method of claim 124, wherein the CAR locus is located at an endogenous

TCRg locus.

126. The method of claim 125, wherein the unrearranged hurpan Ig variable region gene
; & g 2

segments replace endogenous TCRa variable region gene segments.

127, The method of claira 123, wherein the TCRa constant region gene is an endogenous

TCRa constant region gene.

128,  The method of any one of claims 116 to 123, wherein the TCR constant region gene

s a TCRP constant region gene.
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129, The method of claira 128, wherein the CAR locus is located at an endogenous

TCRE locus.

130, The method of claim 129, wherein the unrearranged human g variable region gene

segments replace endogenous TCRP variable region gene segments.

131, The method of claim 129, wherein the TCRp constant region gene is an endogenous
TCRB constant region gene.

132, The method of any one of claims 116 to 131, wherein the non-human animal is a

rodent.

133, The method of claim 132, wherein the rodent is a mouse,
5
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pages 10024-10028, XP055227733,

page 10025, column 1, paragraph 1; figure
1

WO 2013/126726 Al (UNIV PENNSYLVANIA [US])
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