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CELL SECRETED MINIBODIES AND USES THEREOF

CLAIM OF PRIORITY
This application claims priority to provisional U.S. Patent Application No. 62/312,278,
filed on March 23, 2016, which is incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under CA174502-02 awarded by the

National Institute of Health. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION

Monoclonal antibodies are used as therapeutics for the treatment of several major
diseases, including autoimmune, cardiovascular and infectious diseases, cancer and
inflammation. Clinical trials and research using antibodies have generated a wealth of useful
information regarding clinical responses. While antibodies are highly specific and have the
ability to bind a wide variety of molecules, some functional limitations of therapeutic antibodies
have come to light, such as inadequate pharmacokinetics, failture to engage the cellular immune
system, lack of retention or tissue penetration in target tissues, and off-site tissue toxicity.

Therefore a need exists for developing a tissue specific and optimized antibody

therapeutic.

SUMMARY OF THE INVENTION

The present invention pertains, at least in part, to compositions and uses that improve an
activity (e.g., one or more of function, persistence, cancer killing effect, or tumor infiltration) of
an immune effector cell, e.g., a population of immune effector cells (e.g., T cells, NK cells). In
some embodiments, the immune effector cell expresses a Chimeric Antigen Receptor molecule
(e.g., a CAR polypeptide) that binds to a tumor antigen. In some embodiments, the immune
effector cell comprises a nucleic acid encoding a minibody, wherein the minibody comprises a
single chain antibody comprising a secretion signal, a variable heavy chain fragment, a variable

light chain fragment, a constant chain fragment and a hinge domain between the variable light
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chain fragment and the constant chain fragment, wherein the modified T cell expresses and
secretes the minibody. In some embodiments, the minibody binds to one or more immune
checkpoint molecules described herein. In one embodiment, the minibody binds to Programmed
Death 1 (PD-1). In another embodiment, the minibody is a bispecific minibody. In some
embodiments, the bispecific minibody binds to PD-1 and PD-L1. Without wishing to be bound
by theory, minibody binding to immune checkpoint molecules present on the surface of target
(e.g., cancer or immune-suppressive) cells and/or the surface of immune effector cells (e.g., T
cells, NK cells) is thought to prevent immune suppressive signaling by the immune checkpoint
molecule, thereby decreasing immune checkpoint inhibition and enhancing one or more activities
of the immune effector cell (e.g., increased killing of a tumor cell). Accordingly, disclosed
herein are, inter alia: modified T cells comprising nucleic acid encoding a minibody with or
without a CAR molecule, T cell receptor (TCR), or a bispecific minibody; nucleic acid encoding
a minibody with or without further encoding a CAR molecule, T cell receptor (TCR), or a
bispecific minibody; minibodies; compositions and pharmaceutical compositions comprising the
same; methods of treatment comprising use of the same; and methods for generating modified T

cells comprising nucleic acids capable of expressing and secreting a minibody.

Accordingly, in one aspect, the invention pertains to amodified T cell comprising a
nucleic acid encoding a minibody, wherein the minibody comprises a single chain antibody
comprising a secretion signal, a variable heavy chain fragment, a variable light chain fragment, a
constant chain fragment and a minibody hinge domain between the variable light chain fragment
and the constant chain fragment, wherein the modified T cell expresses and secretes the

minibody.

In some embodiments, the modified T cell further comprises a nucleic acid encoding a

chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody.

In some embodiments, the CAR, TCR, or bispecific minibody is capable of binding to a
tumor antigen, and the variable heavy chain fragment and the variable light chain fragment of the

minibody bind the same tumor antigen.
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In some embodiments, the CAR comprises an antigen binding domain, a transmembrane

domain, and an intracellular signalling domain.

In some embodiments, the intracellular domain comprises a primary signaling domain, a

costimulatory domain, or both of a primary signaling domain and a costimulatory domain.

In some embodiments, the primary signaling domain comprises a functional signaling
domain of one or more proteins selected from the group consisting of CD3 zeta, CD3 gamma,
CD3 delta, CD3 epsilon, common FcR gamma (FCER1G), FcR beta (Fc Epsilon R1b), CD79a,
CD79b, Fcgamma Rl1la, DAP10, and DAP12.

In some embodiments, the costimulatory domain comprises a functional domain of one or
more proteins selected from the group consisting of CD27, CD28, 4-1BB (CD137), OX40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83, CDS, ICAM-1, GITR,
BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, CD4, CD8alpha,
CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D,
ITGAG6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM,
CD11b, ITGAX, CDl1l1c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile),
CEACAM]1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI1, CD100 (SEMA4D), CD69,
SLAMF6 (NTB-A, Ly108), SLAM (SLAMFI1, CD150, IPO-3), BLAME (SLAMEFS), SELPLG
(CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44, NKp30, NKp46, and NKG2D.

In some embodiments, the antigen binding domain binds a tumor antigen.

In some embodiments, the tumor antigen is selected from the group consisting of: CD19;
CD123; CD22; CD30; CD171; CS-1 (also referred to as CD2 subset 1, CRACC, SLAMEF7,
CD319, and 19A24); C-type lectin-like molecule-1 (CLL-1 or CLECL1); CD33; epidermal
growth factor receptor variant III (EGFRvVIII); ganglioside G2 (GD2); ganglioside GD3
(aNeuSAc(2-8)aNeuSAc(2-3)bDGalp(1-4)bDGlcp(1-1)Cer); TNF receptor family member B
cell maturation (BCMA); Tn antigen ((Tn Ag) or (GalNAca-Ser/Thr)); prostate-specific
membrane antigen (PSMA); Receptor tyrosine kinase-like orphan receptor 1 (ROR1); Fms-Like
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Tyrosine Kinase 3 (FLT3); Tumor-associated glycoprotein 72 (TAG72); CD38; CD44v6;
Carcinoembryonic antigen (CEA); Epithelial cell adhesion molecule (EPCAM); B7H3 (CD276);
KIT (CD117); Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2); Mesothelin;
Interleukin 11 receptor alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease Serine 21
(Testisin or PRSS21); vascular endothelial growth factor receptor 2 (VEGFR2); Lewis(Y)
antigen; CD24; Platelet-derived growth factor receptor beta (PDGFR-beta); Stage-specific
embryonic antigen-4 (SSEA-4); CD20; Folate receptor alpha; Receptor tyrosine-protein kinase
ERBB2 (Her2/neu); Mucin 1, cell surface associated (MUC1); epidermal growth factor receptor
(EGFR); neural cell adhesion molecule (NCAM); Prostase; prostatic acid phosphatase (PAP);
elongation factor 2 mutated (ELF2M); Ephrin B2; fibroblast activation protein alpha (FAP);
insulin-like growth factor 1 receptor (IGF-I receptor), carbonic anhydrase IX (CAIX);
Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2); glycoprotein 100 (gp100);
oncogene fusion protein consisting of breakpoint cluster region (BCR) and Abelson murine
leukemia viral oncogene homolog 1 (Abl) (bcr-abl); tyrosinase; ephrin type-A receptor 2
(EphA2); Fucosyl GM1; sialyl Lewis adhesion molecule (sLe); ganglioside GM3 (aNeu5Ac(2-
3)bDGalp(1-4)bDGlcp(1-1)Cer); transglutaminase 5 (TGSS5); high molecular weight-melanoma-
associated antigen (HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2); Folate receptor beta;
tumor endothelial marker 1 (TEM1/CD248); tumor endothelial marker 7-related (TEM7R);
claudin 6 (CLDNG6); thyroid stimulating hormone receptor (TSHR); G protein-coupled receptor
class C group 5, member D (GPRCS5D); chromosome X open reading frame 61 (CXORF61);
CD97; CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid; placenta-specific 1
(PLAC1); hexasaccharide portion of globoH glycoceramide (GloboH); mammary gland
differentiation antigen (N'Y-BR-1); uroplakin 2 (UPK2); Hepatitis A virus cellular receptor 1
(HAVCR1); adrenoceptor beta 3 (ADRB3); pannexin 3 (PANX3); G protein-coupled receptor 20
(GPR20); lymphocyte antigen 6 complex, locus K 9 (LY6K); Olfactory receptor S1E2
(OR51E2); TCR Gamma Alternate Reading Frame Protein (TARP); Wilms tumor protein
(WT1); Cancer/testis antigen 1 (NY-ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-
associated antigen 1 (MAGE-A1); ETS translocation-variant gene 6, located on chromosome 12p
(ETV6-AML); sperm protein 17 (SPA17); X Antigen Family, Member 1A (XAGE1);
angiopoietin-binding cell surface receptor 2 (Tie 2); melanoma cancer testis antigen-1 (MAD-

CT-1); melanoma cancer testis antigen-2 (MAD-CT-2); Fos-related antigen 1; tumor protein p53
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(p53); p53 mutant; prostein; survivin; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1
or Galectin 8), melanoma antigen recognized by T cells 1 (MelanA or MART1); Rat sarcoma
(Ras) mutant; human Telomerase reverse transcriptase (W'TERT); sarcoma translocation
breakpoints; melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease, serine
2 (TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box
protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived homolog (MYCN); Ras Homolog Family Member C (RhoC);
Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYP1B1); CCCTC-Binding
Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of Imprinted Sites),
Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3); Paired box protein Pax-5
(PAXS); proacrosin binding protein sp32 (OY-TES1); lymphocyte-specific protein tyrosine
kinase (LCK); A kinase anchor protein 4 (AKAP-4); synovial sarcoma, X breakpoint 2 (SSX2);
Receptor for Advanced Glycation Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal
ubiquitous 2 (RU2); legumain; human papilloma virus E6 (HPV E6); human papilloma virus E7
(HPV E7); intestinal carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2); CD79a;
CD79b; CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1); Fc fragment of
IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor subfamily A member 2
(LILRA2); CD300 molecule-like family member { (CD300LF); C-type lectin domain family 12
member A (CLEC12A); bone marrow stromal cell antigen 2 (BST2); EGF-like module-
containing mucin-like hormone receptor-like 2 (EMR2); lymphocyte antigen 75 (LY75);
Glypican-3 (GPC3); Fc receptor-like 5 (FCRLS); and immunoglobulin lambda-like polypeptide
1 (IGLL1).

In some embodiments, the tumor antigen is selected from CD150, 5T4, ActRIIA, B7,
BMCA, CA-125, CCNAL1, CD123, CD126, CD138, CD14, CD148, CD15, CD19, CD20,
CD200, CD21, CD22, CD23, CD24, CD25, CD26, CD261, CD262, CD30, CD33, CD362,
CD37, CD38, CD4, CD40, CD40L, CD44, CD46, CDS5, CD52, CD53, CD54, CD56, CD66a-d,
CD74, CD8, CD80, CD92, CE7, CS-1, CSPG4, ED-B fibronectin, EGFR, EGFRVIII, EGP-2,
EGP-4, EPHa2, ErbB2, ErbB3, ErbB4, FBP, GD2, GD3, HER1-HER2 in combination, HER2-
HER3 in combination, HERV-K, HIV-1 envelope glycoprotein gp120, HIV-1 envelope
glycoprotein gp41, HLA-DR, HM1.24, HMW-MAA, Her2, Her2/neu, IGF-1R, IL-11Ralpha, IL-
13R-alpha2, IL-2, IL-22R-alpha, IL-6, IL-6R, Ia, Ii, L1-CAM, L1-cell adhesion molecule, Lewis

-5-
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Y, LI-CAM, MAGE A3, MAGE-A1, MART-1, MUC1, NKG2C ligands, NKG2D Ligands, NY-
ESO-1, OEPHa2, PIGF, PSCA, PSMA, ROR1, T101, TAC, TAG72, TIM-3, TRAIL-R1,
TRAIL-R1 (DR4), TRAIL-R2 (DRS5), VEGF, VEGFR2, WT-1, a G-protein coupled receptor,
alphafetoprotein (AFP), an angiogenesis factor, an exogenous cognate binding molecule
(ExoCBM), oncogene product, anti-folate receptor, c-Met, carcinoembryonic antigen (CEA),
cyclin (D1), ephrinB2, epithelial tumor antigen, estrogen receptor, fetal acethycholine e receptor,
folate binding protein, gp100, hepatitis B surface antigen, kappa chain, kappa light chain, kdr,
lambda chain, livin, melanoma-associated antigen, mesothelin, mouse double minute 2 homolog
(MDM2), mucin 16 (MUC16), mutated p53, mutated ras, necrosis antigens, oncofetal antigen,
ROR?2, progesterone receptor, prostate specific antigen, tEGFR, tenascin, f2-Microglobulin, Fc
Receptor-like 5 (FcRLS5),or molecules expressed by HIV, HCV, HBV, or other pathogens.

In some embodiments, the tumor antigen is a solid tumor antigen, e.g., mesothelin.

In some embodiments, the tumor antigen is expressed in a solid tumor that also expresses

an immune checkpoint inhibitor, e.g., PD-L1.

In some embodiments, the antigen binding domain comprises an antibody, an antibody
fragment, an scFv, a Fv, a Fab, a (Fab’)2, a single domain antibody (SDAB), a VH or VL

domain, or a camelid VHH domain.

In some embodiments, the transmembrane domain comprises a transmembrane domain of
a protein selected from the group consisting of the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CD4, CDS, CD8, CD9, CD16, CD22, CD33, CD37, CD64,
CD80, CD86, CD134, CD137, CD154, KIRDS2, OX40, CD2, CD27, LFA-1 (CD11a, CD18),
ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80
(KLRF1), CD160, CD19, IL2R beta, IL2R gamma, IL7R a, ITGA1, VLA1, CD49a, ITGA4,
IA4, CD49D, ITGAG6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-
1, ITGAM, CD11b, ITGAX, CDl1l1c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9
(CD229), CD160 (BYS5), PSGLI1, CD100 (SEMA4D), SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, PAG/Cbp, NKp44,
NKp30, NKp46, NKG2D, and NKG2C.



WO 2017/165683 PCT/US2017/023869

In some embodiments, the antigen binding domain is connected to the transmembrane

domain by a CAR hinge region.

In some embodiments, the nucleic acid encoding the CAR further encodes a leader

sequence.

In some embodiments, the minibody binds to an immune checkpoint molecule.

In some embodiments, the immune checkpoint molecule is selected from the group
consisting of Programmed Death 1 (PD-1), PD-1, PD-L1, PD-L2, Cytotoxic T-Lymphocyte
Antigen 4 (CTLA-4), TIM-3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5),
LAG-3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CD80, CD86, B7-H1, B7-H3 (CD276),
B7-H4 (VTCNI1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class 1I,
GALDY, adenosine, and TGFR (e.g., TGFR beta).

In some embodiments, the immune checkpoint molecule is Programmed Death 1 (PD-1).

In some embodiments, the minibody is a bispecific minibody.

In some embodiments, the bispecific minibody binds to two immune checkpoint
molecules selected from the group consisting of Programmed Death 1 (PD-1), PD-1, PD-L1, PD-
L2, Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), TIM-3, CEACAM (e.g., CEACAM-1,
CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CDS8O0,
CD86, B7-H1, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or CD270), KIR, A2aR,
MHC class I, MHC class II, GAL9, adenosine, and TGFR (e.g., TGFR beta).

In some embodiments, the bispecific minibody binds to Programmed Death 1 (PD-1) and

PD-L1.

In another aspect, the invention pertains to a nucleic acid encoding a minibody, wherein
the minibody comprises a single chain antibody comprising a secretion signal, a variable heavy
chain fragment, a variable light chain fragment, a constant chain fragment and a minibody hinge

domain between the variable light chain fragment and the constant chain fragment.
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In some embodiments, the nucleic acid encoding a minibodyfurther comprises a nucleic
acid sequence encoding a linker between the variable heavy chain fragment and the variable light

chain fragment.

In some embodiments, the secretion signal comprises amino acid sequence SEQ ID

NO:2.

In some embodiments, the nucleic acid encoding a minibody further comprises a nucleic

acid sequence encoding a chimeric antigen receptor, a T cell receptor, or a bispecific minibody.

In another aspect, the invention pertains to a minibody comprising a single chain
antibody comprising a secretion signal, a variable heavy chain fragment, a variable light chain
fragment, a constant chain fragment and a minibody hinge domain between the variable light

chain fragment and the constant chain fragment.

In some embodiments, the minibody further comprises a linker between the variable

heavy chain fragment and the variable light chain fragment.

In some embodiments, the linker comprises amino acid sequence SEQ ID NO:3.

In some embodiments, the variable heavy chain fragment and the variable light chain

fragment bind to an antigen on a tumor cell.

In some embodiments, the variable heavy chain fragment and the variable light chain
fragment are independently selected from a fragment from the group consisting of a synthetic

antibody, a human antibody, a humanized antibody, and any combination thereof.

In some embodiments, the variable heavy chain fragment comprises amino acid sequence

SEQ ID NO:6.

In some embodiments, the variable light chain fragment comprises amino acid sequence

SEQ ID NO:7.
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In some embodiments, the constant chain fragment is a fragment from an antibody
selected from the group consisting of 1gG1, IgG2, 1gG3, IgG4, IgGS5, 1gG6, 1gG7, 1gG8, 1gGY,
IgG10, IgG11, IgG12, IgG13, IgG14, IgG15, IgG16, IgG17, IgG18 and IgG19.

In some embodiments, the constant chain fragment is a fragment from a heavy chain.

In some embodiments, the constant chain fragment comprises amino acid sequence SEQ

ID NO:5.

In some embodiments, the minibody hinge domain comprises a hinge domain selected
from the group consisting of alpha, beta or zeta chain of the T-cell receptor; CD28; CD3 epsilon;
CD45; CD4; CDS; CD8; CDY; CD16; CD22; CD33; CD37; CD64; CD80; CD86; CD134;
CD137; CD154; 1gG1; IgG2; 1gG3; 1gG4; 1gGS; 1gG6; 1gG7; 1gG8; 1gGY; 1gG10; 1gG11;
1gG12; 1gG13; 1gG14; IgG15; 1gG16; 1gG17; IgG18 and IgG19.

In some embodiments, the minibody hinge domain comprises amino acid sequence SEQ

ID NO:4.

In some embodiments, the secretion signal comprises amino acid sequence SEQ ID

NO:2.
In some embodiments, the minibody comprises amino acid sequence SEQ ID NO:1.

In another aspect, the invention pertains to a composition comprising amodified T cell
comprising a nucleic acid encoding a minibody, wherein the minibody comprises a single chain
antibody comprising a secretion signal, a variable heavy chain fragment, a variable light chain
fragment, a constant chain fragment and a minibody hinge domain between the variable light
chain fragment and the constant chain fragment, wherein the modified T cell expresses and

secretes the minibody.

In some embodiments, the composition comprises a modified T cell which further

comprises a chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody.
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In some embodiments, the CAR, TCR, or bispecific minibody is capable of binding to an
antigen and the variable heavy chain fragment and the variable light chain fragment of the

minibody bind the same antigen.

In another aspect, the invention pertains to a method for generating a modified T cell
comprising:

introducing a nucleic acid encoding a minibody into the T cell,

wherein the T cell is capable of expressing and secreting the minibody, and the minibody
comprises a single chain antibody comprising a secretion signal, a variable heavy chain
fragment, a variable light chain fragment, a constant chain fragment and a minibody hinge

domain between the variable light chain fragment and the constant chain fragment.

In some embodiments, the population of T cells is comprised within cells selected from
the group consisting of peripheral blood mononuclear cells, cord blood cells, a purified

population of T cells, and a T cell line.

In some embodiments, peripheral blood mononuclear cells comprises the population of T

cells.

In some embodiments, purified T cells comprises the population of T cells.

In some embodiments, introducing the nucleic acid into the T cell comprises

electroporating the T cell, transducing the T cell or transfecting the T cell.

In some embodiments, the method for generating a modified T cell further comprises

cryopreserving the modified T cell.

In some embodiments, the method for generating a modified T cell further comprises
introducing a nucleic acid encoding a chimeric antigen receptor (CAR), a T cell receptor (TCR),

or a bispecific minibody into the T cell.

In some embodiments, the CAR, TCR, or bispecific minibody is capable of binding to a
tumor antigen and the variable heavy chain fragment and the variable light chain fragment of the

minibody bind the same tumor antigen.

-10-
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In another aspect, the invention pertains to a pharmaceutical composition comprising a
modified T cell and a pharmaceutically acceptable carrier, wherein the modified T cell is
generated by introducing a nucleic acid encoding a minibody into the T cell, wherein the T cell is
capable of expressing and secreting the minibody, and the minibody comprises a single chain
antibody comprising a secretion signal, a variable heavy chain fragment, a variable light chain
fragment, a constant chain fragment and a minibody hinge domain between the variable light

chain fragment and the constant chain fragment.

In another aspect, the invention pertains to a method of treating a disease or condition in
a subject comprising administering a population of modified T cells to a subject in need thereof,
wherein the modified T cells express a nucleic acid encoding a minibody comprising a secretion
signal, a variable heavy chain fragment, a variable light chain fragment and a constant chain

fragment, and the modified T cells secrete the minibody.

In another aspect, the invention pertains to a method of treating a condition in a subject,
comprising administering to the subject a therapeutically effective amount of a pharmaceutical
composition comprising a minibody comprising a single chain antibody comprising a secretion
signal, a variable heavy chain fragment, a variable light chain fragment, a constant chain
fragment and a minibody hinge domain between the variable light chain fragment and the

constant chain fragment.

In another aspect, the invention pertains to a use of a minibody in the manufacture of a
medicament for the treatment of an immune response in a subject in need thereof, wherein the
minibody comprises a single chain antibody comprising a secretion signal, a variable heavy
chain fragment, a variable light chain fragment, a constant chain fragment and a minibody hinge

domain between the variable light chain fragment and the constant chain fragment.

In another aspect, the invention pertains to a nucleic acid composition comprising a
nucleic acid encoding a minibody and a nucleic acid encoding a chimeric antigen receptor
(CAR), a T cell receptor (TCR), or a bispecific minibody, wherein the minibody comprises a
single chain antibody comprising a secretion signal, a variable heavy chain fragment, a variable
light chain fragment, a constant chain fragment and a minibody hinge domain between the

variable light chain fragment and the constant chain fragment.
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In some embodiments, the CAR comprises an antigen binding domain, a transmembrane

domain, and an intracellular signalling domain.

In some embodiments, the intracellular domain comprises a primary signaling domain, a

costimulatory domain, or both of a primary signaling domain and a costimulatory domain.

In some embodiments, the primary signaling domain comprises a functional signaling
domain of one or more proteins selected from the group consisting of CD3 zeta, CD3 gamma,
CD3 delta, CD3 epsilon, common FcR gamma (FCER1G), FcR beta (Fc Epsilon R1b), CD79a,
CD79b, Fcgamma Rl1la, DAP10, and DAP12.

In some embodiments, the costimulatory domain comprises a functional domain of one or
more proteins selected from the group consisting of CD27, CD28, 4-1BB (CD137), OX40,
CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83, CDS, ICAM-1, GITR,
BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, CD4, CD8alpha,
CD8beta, IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D,
ITGAG6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM,
CD11b, ITGAX, CDl1l1c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile),
CEACAM]1, CRTAM, Ly9 (CD229), CD160 (BY55), PSGLI1, CD100 (SEMA4D), CD69,
SLAMF6 (NTB-A, Ly108), SLAM (SLAMFI1, CD150, IPO-3), BLAME (SLAMEFS), SELPLG
(CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44, NKp30, NKp46, and NKG2D.

In some embodiments, the antigen binding domain binds a tumor antigen.

In some embodiments, the tumor antigen is selected from the group consisting of: CD19;
CD123; CD22; CD30; CD171; CS-1 (also referred to as CD2 subset 1, CRACC, SLAMEF7,
CD319, and 19A24); C-type lectin-like molecule-1 (CLL-1 or CLECL1); CD33; epidermal
growth factor receptor variant III (EGFRvVIII); ganglioside G2 (GD2); ganglioside GD3
(aNeuSAc(2-8)aNeuSAc(2-3)bDGalp(1-4)bDGlcp(1-1)Cer); TNF receptor family member B
cell maturation (BCMA); Tn antigen ((Tn Ag) or (GalNAca-Ser/Thr)); prostate-specific
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membrane antigen (PSMA); Receptor tyrosine kinase-like orphan receptor 1 (ROR1); Fms-Like
Tyrosine Kinase 3 (FLT3); Tumor-associated glycoprotein 72 (TAG72); CD38; CD44v6;
Carcinoembryonic antigen (CEA); Epithelial cell adhesion molecule (EPCAM); B7H3 (CD276);
KIT (CD117); Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2); Mesothelin;
Interleukin 11 receptor alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease Serine 21
(Testisin or PRSS21); vascular endothelial growth factor receptor 2 (VEGFR2); Lewis(Y)
antigen; CD24; Platelet-derived growth factor receptor beta (PDGFR-beta); Stage-specific
embryonic antigen-4 (SSEA-4); CD20; Folate receptor alpha; Receptor tyrosine-protein kinase
ERBB2 (Her2/neu); Mucin 1, cell surface associated (MUC1); epidermal growth factor receptor
(EGFR); neural cell adhesion molecule (NCAM); Prostase; prostatic acid phosphatase (PAP);
elongation factor 2 mutated (ELF2M); Ephrin B2; fibroblast activation protein alpha (FAP);
insulin-like growth factor 1 receptor (IGF-I receptor), carbonic anhydrase IX (CAIX);
Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2); glycoprotein 100 (gp100);
oncogene fusion protein consisting of breakpoint cluster region (BCR) and Abelson murine
leukemia viral oncogene homolog 1 (Abl) (bcr-abl); tyrosinase; ephrin type-A receptor 2
(EphA2); Fucosyl GM1; sialyl Lewis adhesion molecule (sLe); ganglioside GM3 (aNeu5Ac(2-
3)bDGalp(1-4)bDGlcp(1-1)Cer); transglutaminase 5 (TGSS5); high molecular weight-melanoma-
associated antigen (HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2); Folate receptor beta;
tumor endothelial marker 1 (TEM1/CD248); tumor endothelial marker 7-related (TEM7R);
claudin 6 (CLDNG6); thyroid stimulating hormone receptor (TSHR); G protein-coupled receptor
class C group 5, member D (GPRCS5D); chromosome X open reading frame 61 (CXORF61);
CD97; CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid; placenta-specific 1
(PLAC1); hexasaccharide portion of globoH glycoceramide (GloboH); mammary gland
differentiation antigen (N'Y-BR-1); uroplakin 2 (UPK2); Hepatitis A virus cellular receptor 1
(HAVCR1); adrenoceptor beta 3 (ADRB3); pannexin 3 (PANX3); G protein-coupled receptor 20
(GPR20); lymphocyte antigen 6 complex, locus K 9 (LY6K); Olfactory receptor S1E2
(OR51E2); TCR Gamma Alternate Reading Frame Protein (TARP); Wilms tumor protein
(WT1); Cancer/testis antigen 1 (NY-ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-
associated antigen 1 (MAGE-A1); ETS translocation-variant gene 6, located on chromosome 12p
(ETV6-AML); sperm protein 17 (SPA17); X Antigen Family, Member 1A (XAGE1);

angiopoietin-binding cell surface receptor 2 (Tie 2); melanoma cancer testis antigen-1 (MAD-
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CT-1); melanoma cancer testis antigen-2 (MAD-CT-2); Fos-related antigen 1; tumor protein p53
(p53); p53 mutant; prostein; survivin; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1
or Galectin 8), melanoma antigen recognized by T cells 1 (MelanA or MART1); Rat sarcoma
(Ras) mutant; human Telomerase reverse transcriptase (W'TERT); sarcoma translocation
breakpoints; melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease, serine
2 (TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box
protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived homolog (MYCN); Ras Homolog Family Member C (RhoC);
Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYP1B1); CCCTC-Binding
Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of Imprinted Sites),
Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3); Paired box protein Pax-5
(PAXS); proacrosin binding protein sp32 (OY-TES1); lymphocyte-specific protein tyrosine
kinase (LCK); A kinase anchor protein 4 (AKAP-4); synovial sarcoma, X breakpoint 2 (SSX2);
Receptor for Advanced Glycation Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal
ubiquitous 2 (RU2); legumain; human papilloma virus E6 (HPV E6); human papilloma virus E7
(HPV E7); intestinal carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2); CD79a;
CD79b; CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1); Fc fragment of
IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor subfamily A member 2
(LILRA2); CD300 molecule-like family member { (CD300LF); C-type lectin domain family 12
member A (CLEC12A); bone marrow stromal cell antigen 2 (BST2); EGF-like module-
containing mucin-like hormone receptor-like 2 (EMR2); lymphocyte antigen 75 (LY75);
Glypican-3 (GPC3); Fc receptor-like 5 (FCRLS); and immunoglobulin lambda-like polypeptide
1 (IGLL1).

In some embodiments, the transmembrane domain comprises a transmembrane domain of
a protein selected from the group consisting of the alpha, beta or zeta chain of the T-cell
receptor, CD28, CD3 epsilon, CD45, CD4, CDS, CD8, CD9, CD16, CD22, CD33, CD37, CD64,
CD80, CD86, CD134, CD137, CD154, KIRDS2, OX40, CD2, CD27, LFA-1 (CD11a, CD18),
ICOS (CD278), 4-1BB (CD137), GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80
(KLRF1), CD160, CD19, IL2R beta, IL2R gamma, IL7R a, ITGA1, VLA1, CD49a, ITGA4,
IA4, CD49D, ITGAG6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-
1, ITGAM, CD11b, ITGAX, CDl1l1c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
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DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9
(CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, PAG/Cbp, NKp44,
NKp30, NKp46, NKG2D, and NKG2C.

In some embodiments, the antigen binding domain is connected to the transmembrane

domain by a CAR hinge region.

In some embodiments, the nucleic acid encoding the CAR further encodes a leader

sequence.

In some embodiments, the minibody binds to an immune checkpoint molecule.

In some embodiments, the immune checkpoint molecule is selected from the group
consisting of Programmed Death 1 (PD-1), PD-1, PD-L1, PD-L2, Cytotoxic T-Lymphocyte
Antigen 4 (CTLA-4), TIM-3, CEACAM (e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5),
LAG-3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4, CD80, CD86, B7-H1, B7-H3 (CD276),
B7-H4 (VTCNI1), HVEM (TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class 1I,
GALD9, adenosine, and TGFR (e.g., TGFR beta).

In some embodiments, the nucleic acid encoding a minibody is disposed on the same
nucleic acid molecule as the nucleic acid encoding a chimeric antigen receptor (CAR), a T cell

receptor (TCR), or a bispecific minibody.
In some embodiments, the nucleic acid encoding a minibody is disposed on a first nucleic

acid molecule and the nucleic acid encoding a chimeric antigen receptor (CAR), a T cell receptor

(TCR), or a bispecific minibody is disposed on a second different nucleic acid molecule.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of preferred embodiments of the invention will be
better understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, there are shown in the drawings embodiments which are presently
preferred. It should be understood, however, that the invention is not limited to the precise
arrangements and instrumentalities of the embodiments shown in the drawings.

Figure 1 is a panel of graphs showing that PDL1 expression is constitutively expressed in
many tumor cell lines and/or can be upregulated in response to IFNg. Various cell lines were
stained for PDL1 expression using anti-PDL1-PE both at normal culture conditions and then at
24 hours post-treatment with 20ng/mL of IFNg.

Figure 2 is a schematic representation of the design of PD1 minibody and PD1-PDL1
bispecific minibody/antibody fragments for T cell secretion. The PD1 minibody was designed
based on the variable region of the heavy and light chain of PD1-17 as disclosed in U.S. Patent
No. 7,488,802. The transmembrane domain was from human IgG1 and the intracellular domain
was from the CH3 domain from the protein, PO1857, in the UniProt database. PD1-PDL1
bispecific minibody was designed based on the scFv for PD1 as described herein for the PD1
minibody and the PDL1 scFv was based on PDL1 as disclosed in International Patent No.
WO02007005874 A2. Both proteins contain a secretion sequence based on the T84.66 light chain
leader sequence.

Figure 3 is an image showing the PD1 minibody amino acid sequence (SEQ ID NO:1).
The corresponding nucleic acid sequence is SEQ ID NO:10. The secretion signal comprises an
amino acid sequence corresponding to SEQ ID NO:2. The linker comprises an amino acid
sequence corresponding to SEQ ID NO:3. The hinge comprises an amino acid sequence
corresponding to SEQ ID NO:4. The constant chain fragment from IgG comprises an amino acid
sequence corresponding to SEQ ID NO:5. The variable heavy chain fragment comprises an
amino acid sequence corresponding to SEQ ID NO:6. The variable light chain fragment
comprises an amino acid sequence corresponding to SEQ ID NO:7.

Figure 4 is an image showing the PD1-PDL1 bispecific minibody amino acid sequence
(SEQ ID NO:8). The corresponding nucleotide sequence is SEQ ID NO:11.

Figure 5 is a schematic illustration of a system used to test PD1 minibody or PD1-PDL1
bispecific minibody. T cells expressing CD19 specific CARs in the presence or absence of PD1
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minibody or PD1-PDLI1 bispecific minibody are mixed with K562 cells expressing CD19
(antigen) and PDL1 (negative signal for T cells). The CAR T cells are shown to have three
possible outcomes. CAR T cells with no PD1 expression exhibit antigen specific activation after
interaction with the K562 cells. CAR T cells with PD1 expression exhibit reduced antigen
specific activation after interaction with the K562 cells. CAR T cells with PD1 expression and
PD1 minibody or PD1-PDL1 bispecific minibody expression exhibit rescued antigen specific
activation after interaction with the K562 cells.

Figure 6 is a graph showing K562 target cells expressing CD19 and PDL1. K562 WT or
K562 CD19/PDLI cells were stained with anti-CD19 PacBlue and anti-PDL1 PE to show that
the K562 target cells expressed CD19 and PDL1.

Figure 7 is a panel of graphs showing the results of testing CAR T cells expressing PD1
minibody or PD1-PDL1 bispecific minibody in a CFSE proliferation assay after culturing with
K562 cells. T cells were electroporated with mRNA: CD19z CAR, CD19z CAR+PD1, CD19z
CAR+PD1+PD1-PDLI1 bispecific minibody, CAR+PD1+PD1 minibody and then labeled with
CFSE. The CFSE labeled T cells were cultured 1:1 with target K562 CD19/PDLI cells. These
cultures were then assayed using flow cytometry for proliferation by CESE dilution. Data shown
is from day 8.

Figure 8 is a panel of images and graphs showing detection of PD1 minibody or PD1-
PDLI1 bispecific minibody bound on T cells. T cells were electroporated with mRNA (PD1, PD1
and PD1 minibody, and PD1 and PD1-PDL1 bispecific minibody) as specified. The T cells were
stained with biotinylated goat anti-human IgG1 and then streptavidin-PE. Biotin anti-human
IgG1 specifically detected PD1 minibody or PD1-PDL1 bispecific minibody secreted into the
supernatant when the cells expressed PD1. PD1 expressed on the T cell acted as an anchor for
the secreted antibodies to bind that would otherwise not interact with the T cell.

Figure 9 is a graph showing that PD1 minibody or PD1-PDL1 bispecific minibody
secreted by T cells rescued PD1/PDL1 specific inhibition of IL-2 production by CD19 CAR
(CART19) T cells. PD1 minibody is abbreviated as Mi and PD1-PDL1 bispecific minibody is
abbreviated as Bi. Intracellular cytokine analysis was performed on CAR-transduced or
untransduced T cells cocultured with target cells and T cells secreting PD1 minibody or PD1-
PDLI bispecific minibody in 1:1:1 (CAR/untransduced T cells, secreting T cells (no RNA, Bi,

Mi), and tumor target cells) for 3 cell culture bottom tissue culture plates at 37°C, 5% CO2 for
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16 hours in RPMI 1640 plus 10% FBS in the presence of golgi inhibitors monensin and brefeldin
A. Cells were washed, stained with live/dead viability stain, followed by surface staining for
CD3 and CDS8, then fixed and permeabilized, and intracellularly stained for IFN-g, TNF-a, and
IL-2. Cells were analyzed by six-color flow cytometry (Becton Dickinson Fortessa or LSR 1I)
and gated on live, CD3 positive, single-cell lymphocytes. Only IL-2 data is shown but similar
results were obtained for TNFa and IFNg.

Figure 10 is a panel of images showing the constructs that were expressed in human T
cells and protein expression of the constructs. Shown in the figures are the CAR plasmids
expressed in human T cells. tdTomato was used as a surrogate for CAR expression in the
EGFRvIII-specific CAR 3C10BBz expressing cells. The CD19-specific CAR 19BBz cells were
stained with primary biotin anti-mouse F(ab)™ and streptavidin-PE bound secondary.

Figure 11 is a graph showing in vitro testing of bulk populations of different batches of
transduced T cells. T cell function is demonstrated in an intracellular cytokine staining (ICS)
assay. The data shows that all CAR T cells were functional against their cognate tumor targets,
by ICS. Intracellular cytokine analysis of CAR-transduced (3C10BBz only, 3C10BBz +Mi,
19BBz) or untransduced (UTD) T cells cocultured with target cells (U87, U87vIII antigen+,
K562 CD19 antigen+) in a 1:1 ratio at 2 x 1076/mL in 96-well round bottom tissue culture plates
at 37°C, 5% CO2 for 6 hours in RPMI 1640 plus 10% FBS, the last 6 hours in the presence of
golgi inhibitors, monensin and brefeldin A. Cells were washed, stained with live/dead viability
stain then fixed and permeabilized, and intracellularly stained for IFN-g, TNF-a, and IL-2. Cells
were analyzed using six-color flow cytometry (Becton Dickinson Fortessa or LSR II) and gated
on live, CD3+ single-cell lymphocytes. Only IL-2 data shown but the results are similar for
TNFa and IFNg.

Figure 12 is a panel of images showing the constructs and in vivo assay used to test CAR
T cells expressing PD1 minibodies. NSG mice were injected with 5.0 x 105 U87-vIII/Luc+
tumors subcutaneously in 100 uLL of PBS on day 0. Tumor progression was evaluated by
luminescence emission on a Xenogen IVIS Spectrum after intraperitoneal D-luciferin injection
according to the manufacturer’s directions (GoldBio). Additionally, tumor size was measured by
calipers in three dimensions, L x W x H, for the duration of the experiment. Seven days after

tumor injection, CAR positive T cell numbers were normalized and mice were injected with
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6x10° total T cells (~50% CAR+) via the tail vein in 100 uL of PBS. Survival was followed
over time until a predetermined protocol-approved endpoint was reached (n=10 mice per group).

Figure 13 is a graph showing mean tumor volumes in immunodeficient NSG mice
injected with CAR T cells expressing minibodies. NSG mice were injected with 5.0 x 1075
U87vIIl/Luc+ tumors subcutaneously in 100 uLL of PBS on day 0. Seven days later, mice were
injected with 6x10° total T cells (~50% CAR+) via the tail vein in 100 uL of PBS. Mean tumor
volumes for each treatment group are shown. Mice injected with 3C10 CAR T cells only had
tumors that grew significantly larger than the tumors in the mice injected with 3C10 CAR T cells
+ PD1 minibody. n=10 mice per group.

Figure 14 is a graph showing tumor volumes in individual NSG mice injected with CAR
T cells expressing minibodies. NSG mice were injected with 5.0 x 10° U87-vIIl/Luc+ tumors
subcutaneously in 100 ml of PBS on day 0. Seven days later, mice were injected with 6x10°
total T cells (~50% CAR+) via the tail vein in 100 pLof PBS. Tumor volumes for each mouse
are shown. 10/10 mice injected with CART19 T cells showed rapid tumor growth; 2/10 mice
injected with 3C10 CAR T cells were cured of tumor, with 7/8 remaining mice showing slowed
tumor progression compared with CART19 treated mice; 8/10 mice injected with PD1 minibody
secreting 3C10 CARs were cured, with 1/2 remaining showing reduced tumor progression. .
Note that 3C10BBz+PD1 minibody lines are not visible because they are zero. n=10 mice per
group.

Figure 15 is a graph showing bioluminescent imaging (BLI) of mean tumor emissions in
NSG mice injected with CAR T cells expressing PD1 minibodies. NSG mice were injected with
5.0 x 10° U87-vIII/Luc+ tumors subcutaneously in 100 puLL of PBS on day 0. Seven days later,
mice were injected with 6x10° total CAR T cells (~50% CAR+) via the tail vein in 100 uL of
PBS. Tumor luminescence for each treatment group are shown. Mice injected with 19BBz CAR
T cells or 3C10 CAR T cells developed tumors that grew significantly larger than the tumors in
mice injected with 3C10 CAR T cells + PD1 minibody. n=10 mice per group.

Figure 16 is a graph showing BLI of tumor in individual NSG mice injected with CAR T
cells expressing minibodies. NSG mice were injected with 5.0 x 10° U87-vIII/Luc+ tumors
subcutaneously in 100 uL. of PBS on day 0. Seven days later, mice were injected with 6x10°
total CAR T cells (~50% CAR+) via the tail vein in 100 pL. of PBS. Tumor luminescence
readings for each mouse are shown. Mice injected with 19BBz CAR T cells or 3C10 CAR T
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cells developed tumors that grew significantly larger than mice injected with 3C10 CAR T cells
+ PD1 minibody. Note that lines that represent mice injected with 3C10BBz T cells + PD1
minibody lines are not visible because they have values substantially equal to background levels.
n=10 mice per group.

Figure 17 is a graph showing overall survival of mice injected with tumors and treated
with CAR T cells with or without PD1 minibody. Mice injected with 19BBz CAR T cells or
3C10 CAR T cells developed tumors and mice with tumor specific 3C10BBz CAR T cells lived
significantly longer than mice treated with non-specific CD19BBz CAR T cells. (3C10BBz only
vs 19BBz P<0.001 & 3C10BBz+PD1 minibody vs 19BBz P<0.0001). Also, the mice that
received 3C10BBz T cells with PD1 minibody lived significantly longer than 3C10BBz CAR T
cells only treated mice. (P=0.0024). One of ten 3C10BBz T cells treated mice lived beyond 70
days while eight of 10 3C10BBz T cells + minibody mice lived beyond 70 days.

Figure 18 is a panel of images showing the constructs and in vivo assay used to test
minibodies in the D270IC model. Shown is the in vivo assay to intracranially implant D270
GBM cells into NSG mice. For orthotopic models, 1x10" D270 luc+ cells were implanted
intracranially into 6- to 8-week-old female NSG mice, with 10 mice per group. The surgical
implants were injected using a stereotactic surgical frame with tumor cells implanted 2 mm right
of the bregma and 3 mm depth into the brain. Before surgery and for 3 days after surgery, mice
were treated with an analgesic and monitored for adverse symptoms in accordance with the
approved protocol. Mice were injected with CAR T cells in 100 pL of PBS intravenously via the
tail vein 3 days after tumor injections. Bioluminescent measurements were used to establish
tumor growth.

Figure 19 is a panel of graphs showing expression of EGFRVIII in D270 GBM cells.
D270 human GBM were cultured without or with 20 ng/ml rhIFNg for 24 hours and then stained
with anti-EGFRVIII antibody (3C10scFv with an rabbit IgG) and labeled anti-rabbit secondary
antibody. Green = unstained, blue = secondary antibody alone, red = primary and secondary
antibody.

Figure 20 is a panel of graphs showing expression of PDL1 in D270 cells. D270 human
GBM cells were cultured without or with 20ng/ml IFNg for 24 hours and stained with anti-
PDLImAb-PE. Grey = unstained, red = anti-PDL1-PE. D270 upregulated PDL1 expression
after IFNg exposure.
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Figure 21 is a graph showing overall survival of D270IC mice treated with CAR T cells
expressing minibodies. Overall mouse survival was significantly increased with treatment of
either 3C10BBz CAR T cells only or 3C10BBz CAR T cells with PD1 minibody compared to
untransduced (UTD) cells.

Figure 22 is an illustration of epitope tagged minibody and bispecific minibody for use in
blocking human PD1/PDL1. A strep-tagll was added to the c-terminus of both the PD1
minibody and PD1/PDL1 bispecific minibody. .

Figure 23 is a panel of images showing the strep-tagll constructs and detection of the
strep-tagll in the media of PD1 mi ST transduced 293T cells. The strep-tagged PD1 minibody
was detected in the media of 293T cells. Shown is a western blot of the media from 293T cells
that stably expressed the constructs shown. The proteins were purified with a step-tactin column
to enrich for the tagged proteins. The columns were eluted in 5 fractions and shown is the strep-
tagll tagged PD1 minibody detected in fractions 3-5. Only PD1 minibody data is shown but the
results are similar for PD1-PDL1 bispecific anitbody.

DETAILED DESCRIPTION
Definitions

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains. Although any methods and materials similar or equivalent to those described herein
can be used in the practice for testing of the present invention, the preferred materials and
methods are described herein. In describing and claiming the present invention, the following
terminology will be used.

It is also to be understood that the terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting.

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

“About” as used herein when referring to a measurable value such as an amount, a

temporal duration, and the like, is meant to encompass variations of +20% or £10%, more
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preferably £5%, even more preferably +1%, and still more preferably +0.1% from the specified
value, as such variations are appropriate to perform the disclosed methods.

“Activation,” as used herein, refers to the state of a T cell that has been sufficiently
stimulated to induce detectable cellular proliferation. Activation can also be associated with
induced cytokine production, and detectable effector functions. The term “activated T cells”
refers to, among other things, T cells that are undergoing cell division.

The term “antibody,” as used herein, refers to an immunoglobulin molecule which
specifically binds with an antigen. Antibodies can be intact immunoglobulins derived from
natural sources or from recombinant sources and can be immunoreactive portions of intact
immunoglobulins. Antibodies are typically tetramers of immunoglobulin molecules. The
antibodies in the present invention may exist in a variety of forms including, for example,
polyclonal antibodies, monoclonal antibodies, Fv, Fab and F(ab),, as well as single chain
antibodies (scFv) and humanized antibodies (Harlow et al., 1999, In: Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et al., 1989, In:
Antibodies: A Laboratory Manual, Cold Spring Harbor, New York; Houston et al., 1988, Proc.
Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science 242:423-426).

The term “antibody fragment” refers to a portion of an intact antibody and refers to the
antigenic determining variable regions of an intact antibody. Examples of antibody fragments
include, but are not limited to, Fab, Fab', F(ab")2, and Fv fragments, linear antibodies, scFv
antibodies, and multispecific antibodies formed from antibody fragments.

An “antibody heavy chain,” as used herein, refers to the larger of the two types of
polypeptide chains present in all antibody molecules in their naturally occurring conformations.

An “antibody light chain,” as used herein, refers to the smaller of the two types of
polypeptide chains present in all antibody molecules in their naturally occurring conformations.
a and B light chains refer to the two major antibody light chain isotypes.

The terms “antibody minibody” and “minibody” are used interchangeably herein and
refer to a single chain polypeptide that comprises a secretion signal, a variable heavy chain
fragment, a variable light chain fragment and a constant chain fragment. After expression in a
cell, the minibody is secreted from the cell by virtue of the secretion signal.

A “bispecific minibody,” as used herein, refers to a minibody having binding specificities

for at least two different antigenic epitopes. In one embodiment, the epitopes are from the same
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antigen. In another embodiment, the epitopes are from two different antigens. Methods for
making bispecific minibodies are known in the art. For example, bispecific minibodies can be
produced recombinantly using the co-expression of two immunoglobulin heavy chain/light chain
pairs. See, e.g., Milstein et al. (1983) Nature 305: 537-39. Alternatively, bispecific minibodies
can be prepared using chemical linkage. See, e.g., Brennan et al. (1985) Science 229:81.
Bispecific minibodies include bispecific antibody fragments. See, e.g., Holliger et al. (1993)
Proc. Natl. Acad. Sci. U.S.A. 90:6444-48, Gruber et al. (1994) J. Immunol. 152:5368.

By the term “synthetic antibody” as used herein, is meant an antibody which is generated
using recombinant DNA technology, such as, for example, an antibody expressed by a
bacteriophage as described herein. The term should also be construed to mean an antibody which
has been generated by the synthesis of a DNA molecule encoding the antibody and which DNA
molecule expresses an antibody protein, or an amino acid sequence specifying the antibody,
wherein the DNA or amino acid sequence has been obtained using synthetic DNA or amino acid
sequence technology which is available and well known in the art.

The term “antigen” or “Ag” as used herein is defined as a molecule that provokes an
immune response. This immune response may involve either antibody production, or the
activation of specific immunologically-competent cells, or both. The skilled artisan will
understand that any macromolecule, including virtually all proteins or peptides, can serve as an
antigen. Furthermore, antigens can be derived from recombinant or genomic DNA. A skilled
artisan will understand that any DNA, which comprises a nucleotide sequences or a partial
nucleotide sequence encoding a protein that elicits an immune response therefore encodes an
“antigen” as that term is used herein. Furthermore, one skilled in the art will understand that an
antigen need not be encoded solely by a full length nucleotide sequence of a gene. It is readily
apparent that the present invention includes, but is not limited to, the use of partial nucleotide
sequences of more than one gene and that these nucleotide sequences are arranged in various
combinations to elicit the desired immune response. Moreover, a skilled artisan will understand
that an antigen need not be encoded by a “gene” at all. It is readily apparent that an antigen can
be generated synthesized or can be derived from a biological sample. Such a biological sample
can include, but is not limited to a tissue sample, a tumor sample, a cell or a biological fluid.

The term “anti-tumor effect” as used herein, refers to a biological effect which can be

manifested by a reduction in the rate of tumor growth, decrease in tumor volume, a decrease in
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the number of tumor cells, a decrease in the number of metastases, an increase in life expectancy,
or amelioration of various physiological symptoms associated with the cancerous condition. An
“anti-tumor effect” can also be manifested by the ability of the peptides, polynucleotides, cells
and antibodies of the invention in prevention of the occurrence of tumor in the first place.

The term “auto-antigen” means, in accordance with the present invention, any self-
antigen which is recognized by the immune system. Auto-antigens comprise, but are not limited
to, cellular proteins, phosphoproteins, cellular surface proteins, cellular lipids, nucleic acids,
glycoproteins, including cell surface receptors.

As used herein, the term “autologous” is meant to refer to any material derived from the
same individual to which it is later to be re-introduced into the individual.

“Allogeneic” refers to a graft derived from a different animal of the same species.

“Xenogeneic” refers to a graft derived from an animal of a different species.

“Bispecificity,” as used herein, refers to a molecule having binding specificities for at
least two different binding epitopes. In one embodiment, the epitopes are from the same binding
partner. In another embodiment, the epitopes are from two different binding partners. The
molecule with bispecificity to different epitopes may include a bispecific minibody.

The term “cancer” as used herein is defined as disease characterized by the rapid and
uncontrolled growth of aberrant cells. Cancer cells can spread locally or through the
bloodstream and lymphatic system to other parts of the body. Examples of various cancers
include but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical cancer, skin
cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer, lymphoma,
leukemia, lung cancer, thyroid cancer, and the like.

The term “chimeric antigen receptor” or “CAR,” as used herein, refers to an artificial T
cell receptor that is engineered to be expressed on an immune cffector cell and specifically bind
an antigen. CARS may be used as a therapy with adoptive cell transfer. T cells are rermnoved
from a patient and modified so that they express the receptors specific to a particular form of
antigen. In some embodiments, the CARs have been expressed with specificity to a tumor
associated antigen, for example. CARs may also comprise an intracellular activation domain, a
transmembrane domain and an extracellular domain comprising a tumor associated antigen
binding region. In some aspects, CARs comprise fusions of single-chain vanable fragments

{scFv) derived monoclonal antibodices, fused to CD3-zeta transmembrane and intracelnlar
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domain. The specificity of CAR designs may be derived from ligands of receptors (e.g.,
peptides). In some embodiments, a CAR can target cancers by redirecting the specificity of a T
cell expressing the CAR specific for tumor associated antigens.

As used herein, the term “conservative sequence modifications” is intended to refer to
amino acid modifications that do not significantly affect or alter the binding characteristics of the
antibody containing the amino acid sequence. Such conservative modifications include amino
acid substitutions, additions and deletions. Modifications can be introduced into an antibody of
the invention by standard techniques known in the art, such as site-directed mutagenesis and
PCR-mediated mutagenesis. Conservative amino acid substitutions are ones in which the amino
acid residue is replaced with an amino acid residue having a similar side chain. Families of
amino acid residues having similar side chains have been defined in the art. These families
include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side chains
(e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). Thus, one or more amino acid residues within the CDR regions of an antibody can be
replaced with other amino acid residues from the same side chain family and the altered antibody
can be tested for the ability to bind antigens using the functional assays described herein.

“Co-stimulatory ligand,” as the term is used herein, includes a molecule on an antigen
presenting cell (e.g., an aAPC, dendritic cell, B cell, and the like) that specifically binds a
cognate co-stimulatory molecule on a T cell, thereby providing a signal which, in addition to the
primary signal provided by, for instance, binding of a TCR/CD3 complex with an MHC
molecule loaded with peptide, mediates a T cell response, including, but not limited to,
proliferation, activation, differentiation, and the like. A co-stimulatory ligand can include, but is
not limited to, CD7, B7-1 (CD80), B7-2 (CD86), PD-L1, PD-L2, 4-1BBL, OX40L, inducible
costimulatory ligand (ICOS-L), intercellular adhesion molecule (ICAM), CD30L, CD40, CD70,
CD83, HLA-G, MICA, MICB, HVEM, lymphotoxin beta receptor, 3/TR6, ILT3, ILT4, HVEM,
an agonist or antibody that binds Toll ligand receptor and a ligand that specifically binds with
B7-H3. A co-stimulatory ligand also encompasses, inter alia, an antibody that specifically binds

with a co-stimulatory molecule present on a T cell, such as, but not limited to, CD27, CD28, 4-
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1BB, 0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1),
CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CD83.

A “co-stimulatory molecule” refers to the cognate binding partner on a T cell that
specifically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory response by
the T cell, such as, but not limited to, proliferation. Co-stimulatory molecules include, but are not
limited to an MHC class I molecule, BTLA a Toll ligand receptor, and any molecule that binds
to those listed above.

A “co-stimulatory signal”, as used herein, refers to a signal, which in combination with a
primary signal, such as TCR/CD3 ligation, leads to T cell proliferation and/or upregulation or
downregulation of key molecules.

The term “derived from” refers to being generated, synthesized, or originating from a
particular source, such that the derived matter is related to the source. The derived matter does
not need to be identical to the particular source. In one embodiment, an antigen is derived from a
protein. In another embodiment, a single-chain variable fragment is derived from a monoclonal
antibody.

A “disease” is a state of health of an animal wherein the animal cannot maintain
homeostasis, and wherein if the disease is not ameliorated then the animal’s health continues to
deteriorate. In contrast, a “disorder” in an animal is a state of health in which the animal is able
to maintain homeostasis, but in which the animal’s state of health is less favorable than it would
be in the absence of the disorder. Left untreated, a disorder does not necessarily cause a further
decrease in the animal’s state of health.

“Effective amount” or “therapeutically effective amount” are used interchangeably
herein, and refer to an amount of a compound, formulation, material, or composition, as
described herein effective to achieve a particular biological result or provides a therapeutic or
prophylactic benefit. Such results may include, but are not limited to, anti-tumor activity as
determined by any means suitable in the art.

“Encoding” refers to the inherent property of specific sequences of nucleotides in a
polynucleotide, such as a gene, a cDNA, or a RNA like mRNA, to serve as templates for
synthesis of other polymers and macromolecules in biological processes having either a defined
sequence of nucleotides (i.e., IRNA, tRNA and mRNA) or a defined sequence of amino acids

and the biological properties resulting therefrom. Thus, a gene encodes a protein if transcription
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and translation of mRNA corresponding to that gene produces the protein in a cell or other
biological system. Both the coding strand, the nucleotide sequence of which is identical to the
mRNA sequence and is usually provided in sequence listings, and the non-coding strand, used as
the template for transcription of a gene or cDNA, can be referred to as encoding the protein or
other product of that gene or cDNA.

As used herein “endogenous” refers to any material from or produced inside an organism,
cell, tissue or system.

As used herein, the term “exogenous” refers to any material introduced from or produced
outside an organism, cell, tissue or system.

The term “expand” as used herein refers to increasing in number, as in an increase in the
number of T cells. In one embodiment, the T cells that are expanded ex vivo increase in number
relative to the number originally present in the culture. In another embodiment, the T cells that
are expanded ex vivo increase in number relative to other cell types in the culture. The term "ex
vivo," as used herein, refers to cells that have been removed from a living organism, (e.g., a
human) and propagated outside the organism (e.g., in a culture dish, test tube, or bioreactor).

The term “expression” as used herein is defined as the transcription and/or translation of
a particular nucleotide sequence driven by its promoter.

“Expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nucleotide sequence to be
expressed. An expression vector comprises sufficient cis-acting elements for expression; other
elements for expression can be supplied by the host cell or in an in vitro expression system.
Expression vectors include all those known in the art, such as cosmids, plasmids (e.g., naked or
contained in liposomes) and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-
associated viruses) that incorporate the recombinant polynucleotide.

“Homologous™ as used herein, refers to the subunit sequence identity between two
polymeric molecules, e.g., between two nucleic acid molecules, such as, two DNA molecules or
two RNA molecules, or between two polypeptide molecules. When a subunit position in both of
the two molecules is occupied by the same monomeric subunit; e.g., if a position in each of two
DNA molecules is occupied by adenine, then they are homologous at that position. The
homology between two sequences is a direct function of the number of matching or homologous

positions; e.g., if half (e.g., five positions in a polymer ten subunits in length) of the positions in
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two sequences are homologous, the two sequences are 50% homologous; if 90% of the positions
(e.g., 9 of 10), are matched or homologous, the two sequences are 90% homologous.

“Humanized” forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab")2 or
other antigen-binding subsequences of antibodies) which contain minimal sequence derived from
non-human immunoglobulin. For the most part, humanized antibodies are human
immunoglobulins (recipient antibody) in which residues from a complementary-determining
region (CDR) of the recipient are replaced by residues from a CDR of a non-human species
(donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and
capacity. In some instances, Fv framework region (FR) residues of the human immunoglobulin
are replaced by corresponding non-human residues. Furthermore, humanized antibodies can
comprise residues which are found neither in the recipient antibody nor in the imported CDR or
framework sequences. These modifications are made to further refine and optimize antibody
performance. In general, the humanized antibody will comprise substantially all of at least one,
and typically two, variable domains, in which all or substantially all of the CDR regions
correspond to those of a non-human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin sequence. The humanized antibody optimally also
will comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a
human immunoglobulin. For further details, see Jones et al., Nature, 321: 522-525, 1986;
Reichmann et al., Nature, 332: 323-329, 1988; Presta, Curr. Op. Struct. Biol., 2: 593-596, 1992.

“Fully human” refers to an immunoglobulin, such as an antibody, where the whole
molecule is of human origin or consists of an amino acid sequence identical to a human form of
the antibody.

“Identity” as used herein refers to the subunit sequence identity between two polymeric
molecules particularly between two amino acid molecules, such as, between two polypeptide
molecules. When two amino acid sequences have the same residues at the same positions; e.g.,
if a position in each of two polypeptide molecules is occupied by an Arginine, then they are
identical at that position. The identity or extent to which two amino acid sequences have the
same residues at the same positions in an alignment is often expressed as a percentage. The
identity between two amino acid sequences is a direct function of the number of matching or

identical positions; e.g., if half (e.g., five positions in a polymer ten amino acids in length) of the

8-



10

15

20

25

30

WO 2017/165683 PCT/US2017/023869

positions in two sequences are identical, the two sequences are 50% identical; if 90% of the
positions (e.g., 9 of 10), are matched or identical, the two amino acids sequences are 90%
identical.

The term “immunoglobulin” or “Ig,” as used herein is defined as a class of proteins,
which function as antibodies. Antibodies expressed by B cells are sometimes referred to as the
BCR (B cell receptor) or antigen receptor. The five members included in this class of proteins
are IgA, IgG, IgM, IgD, and IgE. IgA is the primary antibody that is present in body secretions,
such as saliva, tears, breast milk, gastrointestinal secretions and mucus secretions of the
respiratory and genitourinary tracts. IgG is the most common circulating antibody. IgM is the
main immunoglobulin produced in the primary immune response in most subjects. It is the most
efficient immunoglobulin in agglutination, complement fixation, and other antibody responses,
and is important in defense against bacteria and viruses. IgD is the immunoglobulin that has no
known antibody function, but may serve as an antigen receptor. IgE is the immunoglobulin that
mediates immediate hypersensitivity by causing release of mediators from mast cells and
basophils upon exposure to allergen.

The term “immune response” as used herein is defined as a cellular response to an
antigen that occurs when lymphocytes identify antigenic molecules as foreign and induce the
formation of antibodies and/or activate lymphocytes to remove the antigen.

LEINNT3

The phrases “an immunologically effective amount”, “an anti-immune response effective

LEINNT3

amount”, “an immune response-inhibiting effective amount”, or “therapeutic amount” refer to
the amount of the composition of the present invention to be administered to a subject which
amount is determined by a physician, optionally in consultation with a scientist, in consideration
of individual differences in age, weight, immune response, type of disease/condition, and the
health of the subject (patient) so that the desired result is obtained in the subject.

As used herein, an “instructional material” includes a publication, a recording, a diagram,
or any other medium of expression which can be used to communicate the usefulness of the
compositions and methods of the invention. The instructional material of the kit of the invention
may, for example, be affixed to a container which contains the nucleic acid, peptide, and/or

composition of the invention or be shipped together with a container which contains the nucleic

acid, peptide, and/or composition. Alternatively, the instructional material may be shipped
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separately from the container with the intention that the instructional material and the compound
be used cooperatively by the recipient.

“Isolated” means altered or removed from the natural state. For example, a nucleic acid
or a peptide naturally present in a living animal is not “isolated,” but the same nucleic acid or
peptide partially or completely separated from the coexisting materials of its natural state is
“isolated.” An isolated nucleic acid or protein can exist in substantially purified form, or can
exist in a non-native environment such as, for example, a host cell.

A “lentivirus” as used herein refers to a genus of the Retroviridae family. Lentiviruses are
unique among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic information into the DNA of the host cell, so they are one of the
most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of
lentiviruses. Vectors derived from lentiviruses offer the means to achieve significant levels of
gene transfer in vivo.

By the term “modified” as used herein, is meant a changed state or structure of a
molecule or cell of the invention. Molecules may be modified in many ways, including
chemically, structurally, and functionally. Cells may be modified through the introduction of
nucleic acids.

By the term “modulating,” as used herein, is meant mediating a detectable increase or
decrease in the level of a response in a subject compared with the level of a response in the
subject in the absence of a treatment or compound, and/or compared with the level of a response
in an otherwise identical but untreated subject. The term encompasses perturbing and/or
affecting a native signal or response thereby mediating a beneficial therapeutic response in a
subject, preferably, a human.

In the context of the present invention, the following abbreviations for the commonly
occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to cytosine, “G” refers
to guanosine, “T” refers to thymidine, and “U” refers to uridine.

Unless otherwise specified, a “nucleotide sequence encoding an amino acid sequence”
includes all nucleotide sequences that are degenerate versions of each other and that encode the
same amino acid sequence. The phrase nucleotide sequence that encodes a protein or an RNA
may also include introns to the extent that the nucleotide sequence encoding the protein may in

some version contain an intron(s).
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Unless otherwise specified, a “nucleotide sequence encoding an amino acid sequence”
includes all nucleotide sequences that are degenerate versions of each other and that encode the
same amino acid sequence. Nucleotide sequences that encode proteins and RNA may include
introns.

The term “operably linked” refers to functional linkage between a regulatory sequence
and a heterologous nucleic acid sequence resulting in expression of the latter. For example, a
first nucleic acid sequence is operably linked with a second nucleic acid sequence when the first
nucleic acid sequence is placed in a functional relationship with the second nucleic acid
sequence. For instance, a promoter is operably linked to a coding sequence if the promoter
affects the transcription or expression of the coding sequence. Generally, operably linked DNA
sequences are contiguous and, where necessary to join two protein coding regions, in the same
reading frame.

The term “overexpressed” tumor antigen or “overexpression” of a tumor antigen is
intended to indicate an abnormal level of expression of a tumor antigen in a cell from a disease
area like a solid tumor within a specific tissue or organ of the patient relative to the level of
expression in a normal cell from that tissue or organ. Patients having solid tumors or a
hematological malignancy characterized by overexpression of the tumor antigen can be
determined by standard assays known in the art.

“Parenteral” administration of an immunogenic composition includes, e.g., subcutaneous
(s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection, or infusion techniques.

The term “polynucleotide™ as used herein is defined as a chain of nucleotides.
Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids and polynucleotides
as used herein are interchangeable. One skilled in the art has the general knowledge that nucleic
acids are polynucleotides, which can be hydrolyzed into the monomeric “nucleotides.” The
monomeric nucleotides can be hydrolyzed into nucleosides. As used herein polynucleotides
include, but are not limited to, all nucleic acid sequences which are obtained by any means
available in the art, including, without limitation, recombinant means, i.e., the cloning of nucleic
acid sequences from a recombinant library or a cell genome, using ordinary cloning technology
and PCR™, and the like, and by synthetic means.

EEINT3

As used herein, the terms “peptide,” “polypeptide,” and “protein” are used

interchangeably, and refer to a compound comprised of amino acid residues covalently linked by
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peptide bonds. A protein or peptide must contain at least two amino acids, and no limitation is
placed on the maximum number of amino acids that can comprise a protein’s or peptide’s
sequence. Polypeptides include any peptide or protein comprising two or more amino acids
joined to each other by peptide bonds. As used herein, the term refers to both short chains,
which also commonly are referred to in the art as peptides, oligopeptides and oligomers, for
example, and to longer chains, which generally are referred to in the art as proteins, of which
there are many types. “Polypeptides” include, for example, biologically active fragments,
substantially homologous polypeptides, oligopeptides, homodimers, heterodimers, variants of
polypeptides, modified polypeptides, derivatives, analogs, fusion proteins, among others. The
polypeptides include natural peptides, recombinant peptides, synthetic peptides, or a combination
thereof.

The term “promoter” as used herein is defined as a DNA sequence recognized by the
synthetic machinery of the cell, or introduced synthetic machinery, required to initiate the
specific transcription of a polynucleotide sequence.

As used herein, the term “promoter/regulatory sequence” means a nucleic acid sequence
which is required for expression of a gene product operably linked to the promoter/regulatory
sequence. In some instances, this sequence may be the core promoter sequence and in other
instances, this sequence may also include an enhancer sequence and other regulatory elements
which are required for expression of the gene product. The promoter/regulatory sequence may,
for example, be one which expresses the gene product in a tissue specific manner.

A “constitutive” promoter is a nucleotide sequence which, when operably linked with a
polynucleotide which encodes or specifies a gene product, causes the gene product to be
produced in a cell under most or all physiological conditions of the cell.

An “inducible” promoter is a nucleotide sequence which, when operably linked with a
polynucleotide which encodes or specifies a gene product, causes the gene product to be
produced in a cell substantially only when an inducer which corresponds to the promoter is
present in the cell.

A “tissue-specific” promoter is a nucleotide sequence which, when operably linked with
a polynucleotide encodes or specified by a gene, causes the gene product to be produced in a cell

substantially only if the cell is a cell of the tissue type corresponding to the promoter.
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A “signal transduction pathway” refers to the biochemical relationship between a variety
of signal transduction molecules that play a role in the transmission of a signal from one portion
of a cell to another portion of a cell. The phrase “cell surface receptor” includes molecules and
complexes of molecules capable of receiving a signal and transmitting signal across the plasma
membrane of a cell. An example of a “cell surface receptor” is human FSHR.

“Similarity” as used herein, refers to the subunit sequence identity between two
polymeric molecules, e.g., between two nucleic acid molecules, such as, two DNA molecules or
two RNA molecules, or between two polypeptide molecules. When a subunit position in both of
the two molecules is occupied by the same monomeric subunit; e.g., if a position in each of two
DNA molecules is occupied by adenine, then they are similar at that position. The similarity
between two sequences is a direct function of the number of matching or similar positions; e.g.,
if half (e.g., five positions in a polymer ten subunits in length) of the positions in two sequences
are similar, the two sequences are 50% similar; if 90% of the positions (e.g., 9 of 10), are
matched or similar, the two sequences are 90% similar.

“Single chain antibodies” refer to antibodies formed by recombinant DNA techniques in
which immunoglobulin heavy and light chain fragments are linked to the Fv region via an
engineered span of amino acids. Various methods of generating single chain antibodies are
known, including those described in U.S. Pat. No. 4,694,778; Bird (1988) Science 242:423-442;
Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883; Ward et al. (1989) Nature
334:54454; Skerra et al. (1988) Science 242:1038-1041.

By the term “specifically binds,” as used herein with respect to an antibody, is meant an
antibody which recognizes a specific antigen, but does not substantially recognize or bind other
molecules in a sample. For example, an antibody that specifically binds to an antigen from one
species may also bind to that antigen from one or more species. But, such cross-species reactivity
does not itself alter the classification of an antibody as specific. In another example, an antibody
that specifically binds to an antigen may also bind to different allelic forms of the antigen.
However, such cross reactivity does not itself alter the classification of an antibody as specific.
In some instances, the terms “specific binding” or “specifically binding,” can be used in
reference to the interaction of an antibody, a protein, or a peptide with a second chemical
species, to mean that the interaction is dependent upon the presence of a particular structure (e.g.,

an antigenic determinant or epitope) on the chemical species; for example, an antibody
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recognizes and binds to a specific protein structure rather than to proteins generally. If an
antibody is specific for epitope “A”, the presence of a molecule containing epitope A (or free,
unlabeled A), in a reaction containing labeled “A” and the antibody, will reduce the amount of
labeled A bound to the antibody.

By the term “stimulation,” is meant a primary response induced by binding of a
stimulatory molecule (e.g., a TCR/CD3 complex) with its cognate ligand thereby mediating a
signal transduction event, such as, but not limited to, signal transduction via the TCR/CD3
complex. Stimulation can mediate altered expression of certain molecules, such as
downregulation of TGF-beta, and/or reorganization of cytoskeletal structures, and the like.

A “stimulatory molecule,” as the term is used herein, means a molecule on a T cell that
specifically binds with a cognate stimulatory ligand present on an antigen presenting cell.

A “stimulatory ligand,” as used herein, means a ligand that when present on an antigen
presenting cell (e.g., an aAPC, a dendritic cell, a B-cell, and the like) can specifically bind with a
cognate binding partner (referred to herein as a “stimulatory molecule”) on a T cell, thereby
mediating a primary response by the T cell, including, but not limited to, activation, initiation of
an immune response, proliferation, and the like. Stimulatory ligands are well-known in the art
and encompass, inter alia, an MHC Class I molecule loaded with a peptide, an anti-CD3
antibody, a superagonist anti-CD28 antibody, and a superagonist anti-CD2 antibody.

The term “subject” is intended to include living organisms in which an immune response
can be elicited (e.g., mammals). A “subject” or “patient,” as used therein, may be a human or
non-human mammal. Non-human mammals include, for example, livestock and pets, such as
ovine, bovine, porcine, canine, feline and murine mammals. Preferably, the subject is human.

As used herein, a “substantially purified” cell is a cell that is essentially free of other cell
types. A substantially purified cell also refers to a cell which has been separated from other cell
types with which it is normally associated in its naturally occurring state. In some instances, a
population of substantially purified cells refers to a homogenous population of cells. In other
instances, this term refers simply to cell that have been separated from the cells with which they
are naturally associated in their natural state. In some embodiments, the cells are cultured in

vitro. In other embodiments, the cells are not cultured in vitro.
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A “target site” or “target sequence” refers to a genomic nucleic acid sequence that defines
a portion of a nucleic acid to which a binding molecule may specifically bind under conditions
sufficient for binding to occur.

As used herein, the term “T cell receptor” or “TCR” refers to a complex of membrane
proteins that participate in the activation of T cells in response to the presentation of antigen.
The TCR is responsible for recognizing antigens bound to major histocompatibility complex
molecales. TCR is composed of a heterodimer of an alpha (a) and beta (B) chain, although in
some cclis the TCR consists of gamma and delta (y/0) chains. TCRs may exist in alpha/beta and
gamma/delta forms, which are structurally similar but have distinct anatomical locations and
functions. Each chain is composed of two extracellular domains, a variable and constant
domain. In some embodiments, the TCR may be modified on any cell comprising a TCR,
including, for example, a helper T cell, a cytotoxic T cell, a memory T cell, regulatory T cell,
natural killer T cell, and gamma delta T cell.

The term “therapeutic” as used herein means a treatment and/or prophylaxis. A
therapeutic effect is obtained by suppression, remission, or eradication of a disease state.

The term “transfected” or “transformed” or “transduced” as used herein refers to a
process by which exogenous nucleic acid is transferred or introduced into the host cell. A
“transfected” or “transformed” or “transduced” cell is one which has been transfected,
transformed or transduced with exogenous nucleic acid. The cell includes the primary subject
cell and its progeny.

To “treat” a disease as the term is used herein, means to reduce the frequency or severity
of at least one sign or symptom of a disease or disorder experienced by a subject.

The phrase “under transcriptional control” or “operatively linked” as used herein means
that the promoter is in the correct location and orientation in relation to a polynucleotide to
control the initiation of transcription by RNA polymerase and expression of the polynucleotide.

A “vector” is a composition of matter which comprises an isolated nucleic acid and
which can be used to deliver the isolated nucleic acid to the interior of a cell. Numerous vectors
are known in the art including, but not limited to, linear polynucleotides, polynucleotides
associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus, the term “vector”
includes an autonomously replicating plasmid or a virus. The term should also be construed to

include non-plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells,
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such as, for example, polylysine compounds, liposomes, and the like. Examples of viral vectors
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors, retroviral
vectors, lentiviral vectors, and the like.

Ranges: throughout this disclosure, various aspects of the invention can be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of
the invention. Accordingly, the description of a range should be considered to have specifically
disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3
to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3,4, 5, 5.3, and

6. This applies regardless of the breadth of the range.

Description

The present invention includes methods and compositions comprising a minibody.
Unlike a full length antibody, the minibody of the present invention comprises a single chain
antibody with a secretion signal, a variable heavy chain fragment, a variable light chain
fragment, a constant chain fragment and a hinge domain between the variable light chain
fragment and the constant chain fragment.

The minibodies described herein include those that are genetically engineered and
expressed in primary lymphocytes, and capable of inducing intracellular production and
secretion in vivo by the lymphocyte. Using tumor or disease-targeted lymphocytes, the present
invention can provide the advantage of a continuous supply of antibody/minibody/bispecific
minibody at a desired anatomic site. This offers the potential to achieve high localized levels of
continuous antibody/minibody, while also reducing systemic levels of drug otherwise required to
reach efficacious levels while also reducing off-site toxicity. Since they are a ‘living drug’, this
treatment could be a single administration with the potential to continue indefinitely over the

lifetime of the patient.
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Minibody
The minibody of the present invention comprises a single chain antibody having a

secretion signal, a variable heavy chain fragment, a variable light chain fragment, and a constant
chain fragment. The minibody of the present invention is novel since the variable light chain
fragment and the constant chain fragment are connected to one another through a hinge domain.
Some aspects of the invention encompass a nucleic acid encoding a minibody, a composition
comprising a minibody, and a modified T cell comprising a minibody. In an exemplary
embodiment, the minibody binds and blocks an inhibitory receptor on a T cell.

Variable Chain Fragment

In one embodiment, the minibody is capable of binding to an antigen, such as a tumor
antigen or a stimulating or inhibitory molecule on an immune efector or regulatory cell, such as a
T or B lymphocyte, macrophage, dendritic cell or myeloid-derived suppressor cell, or other
CD45 positive bone-marrow derived progenitor. The minibody binds the antigen through the
variable heavy chain fragment and/or the variable light chain fragment. The variable heavy
chain fragment and/or variable light chain fragment may comprise a fragment from a synthetic
antibody, human antibody, a humanized antibody, and any combination thereof.

The minibody can bind an antigen from a diseased cell, such as a tumor specific antigen.
The antigen may include, but is not limited to, CD19; CD123; CD22; CD30; CD171; CS-1 (also
referred to as CD2 subset 1, CRACC, SLAMF7, CD319, and 19A24); C-type lectin-like
molecule-1 (CLL-1 or CLECL1); CD33; epidermal growth factor receptor variant III
(EGFRVIII); ganglioside G2 (GD2); ganglioside GD3 (aNeuSAc(2-8)aNeuSAc{2-3bDGalp(1-
4bDGlep(1-1)Cer); TNF receptor family member B cell maturation (BCMA); Tn antigen ((Tn
Ag) or (GalNAca-Ser/Thr)); prostate-specific membrane antigen (PSMA); Receptor tyrosine
kinase-like orphan receptor 1 (ROR1); Fms-Like Tyrosine Kinase 3 (FLT3); Tumor-associated
glycoprotein 72 (TAG72); CD38; CD44v6; Carcinoembryonic antigen (CEA); Epithelial cell
adhesion molecule (EPCAM); B7TH3 (CD276); KIT (CD117); Interleukin-13 receptor subunit
alpha-2 (IL-13Ra2 or CD213A2); Mesothelin; Interleukin 11 receptor alpha (IL-11Ra); prostate
stem cell antigen (PSCA); Protease Serine 21 (Testisin or PRSS21); vascular endothelial growth
factor receptor 2 (VEGFR2); Lewis(Y) antigen; CD24; Platelet-derived growth factor receptor
beta (PDGFR-beta); Stage-specific embryonic antigen-4 (SSEA-4); CD20; Folate receptor alpha;
Receptor tyrosine-protein kinase ERBB2 (Her2/neu); Mucin 1, cell surface associated (MUC1);
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epidermal growth factor receptor (EGFR); neural cell adhesion molecule (NCAM); Prostase;
prostatic acid phosphatase (PAP); elongation factor 2 mutated (ELF2M); Ephrin B2; fibroblast
activation protein alpha (FAP); insulin-like growth factor 1 receptor (IGF-I receptor), carbonic
anhydrase IX (CAIX); Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2);
glycoprotein 100 (gp100); oncogene fusion protein consisting of breakpoint cluster region (BCR)
and Abelson murine leukemia viral oncogene homolog 1 (Abl) (ber-abl); tyrosinase; ephrin type-
A receptor 2 (EphA2); Fucosyl GM1; sialyl Lewis adhesion molecule (sLe); ganglioside GM3
(aNeu5Ac(2-3)bDGalp(1-4)bDGlep(1-1)Cer); transglutaminase 5 (TGSS5); high molecular
weight-melanoma-associated antigen (HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2);
Folate receptor beta; tumor endothelial marker 1 (TEM1/CD248); tumor endothelial marker 7-
related (TEM7R); claudin 6 (CLDNG6); thyroid stimulating hormone receptor (TSHR); G protein-
coupled receptor class C group 5, member D (GPRCS5D); chromosome X open reading frame 61
(CXORF61); CDY97; CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid; placenta-
specific 1 (PLAC1); hexasaccharide portion of globoH glycoceramide (GloboH); mammary
gland differentiation antigen (NY-BR-1); uroplakin 2 (UPK2); Hepatitis A virus cellular receptor
1 (HAVCR1); adrenoceptor beta 3 (ADRB3); pannexin 3 (PANX3); G protein-coupled receptor
20 (GPR20); lymphocyte antigen 6 complex, locus K 9 (LY6K); Olfactory receptor S1E2
(OR51E2); TCR Gamma Alternate Reading Frame Protein (TARP); Wilms tumor protein
(WT1); Cancer/testis antigen 1 (NY-ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-
associated antigen 1 (MAGE-A1); ETS translocation-variant gene 6, located on chromosome 12p
(ETV6-AML); sperm protein 17 (SPA17); X Antigen Family, Member 1A (XAGE1);
angiopoietin-binding cell surface receptor 2 (Tie 2); melanoma cancer testis antigen-1 (MAD-
CT-1); melanoma cancer testis antigen-2 (MAD-CT-2); Fos-related antigen 1; tumor protein p53
(p53); p53 mutant; prostein; surviving; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1
or Galectin 8), melanoma antigen recognized by T cells 1 (MelanA or MART1); Rat sarcoma
(Ras) mutant; human Telomerase reverse transcriptase (W'TERT); sarcoma translocation
breakpoints; melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease, serine
2 (TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box
protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived homolog (MYCN); Ras Homolog Family Member C (RhoC);
Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYP1B1); CCCTC-Binding
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Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of Imprinted Sites),
Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3); Paired box protein Pax-5
(PAXS); proacrosin binding protein sp32 (OY-TES1); lymphocyte-specific protein tyrosine
kinase (LCK); A kinase anchor protein 4 (AKAP-4); synovial sarcoma, X breakpoint 2 (SSX2);
Receptor for Advanced Glycation Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal
ubiquitous 2 (RU2); legumain; human papilloma virus E6 (HPV E6); human papilloma virus E7
(HPV E7); intestinal carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2); CD79a;
CD79b; CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1); Fc fragment of
IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor subfamily A member 2
(LILRA2); CD300 molecule-like family member { (CD300LF); C-type lectin domain family 12
member A (CLEC12A); bone marrow stromal cell antigen 2 (BST2); EGF-like module-
containing mucin-like hormone receptor-like 2 (EMR2); lymphocyte antigen 75 (LY75);
Glypican-3 (GPC3); Fc receptor-like 5 (FCRLS); and immunoglobulin lambda-like polypeptide
1 (IGLL1).

In some embodiments, the minibody binds to one or more immune checkpoint
molecule(s) or immunomodulator(s). Immune checkpoint molecules useful in the methods and
compositions of the present invention include, but are not limited to, Programmed Death 1 (PD-
1), PD-1, PD-L1, PD-L2, Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), TIM-3, CEACAM
(e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAIR1,
CD160, 2B4, CD80, CD86, B7-H1, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or
CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, TGFR (e.g., TGFR beta).
In certain embodiments, the immunomodulator is an inhibitor of an immune checkpoint
molecule (e.g., an inhibitor of PD-1, PD-L1, LAG-3, TIM-3, CEACAM (e.g., CEACAM-1, -3
and/or -5) or CTLA-4, or any combination thereof).

In one embodiment, the variable heavy chain fragment comprises a fragment of an anti-
PD1 antibody. In another embodiment, the variable heavy chain fragment comprises amino acid
sequence
QVQLQESGPGVVKPSGTLSLTCAISGGSIGSGGSIRSTRWWSWVRQSPGKGLEWIGEIYH
SGSTNYNPSLKSRVTISLDKSRNHFSLRLNSVTAADTAVYYCARQDYGDSGDWYFDLW
GKGTMVTVSS (SEQ ID NO:6). In yet another embodiment, the variable light chain fragment

comprises a fragment of an anti-PD1 antibody. In still another embodiment, the variable light
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chain fragment comprises amino acid sequence
NEMLTQPHSVSESPGKTVTISCTRSSGSIASNSVOQWYQQRPGSSPTTVIYEDNQRPSGVPD
RFSGSIDSSSNSASLTVSGLKTEDEADYYCQSSDSSAVVFEGSGTKLTVL (SEQ ID NO:7).

In one embodiment, the nucleic acid encoding the minibody comprises a nucleic acid
encoding a variable heavy chain fragment of an anti-PD1 heavy chain. In another embodiment,
the nucleic acid encoding a variable heavy chain fragment comprises the nucleic acid sequence
encoding SEQ ID NO:6. In yet another embodiment, the nucleic acid encoding the minibody
comprises nucleic acid encoding a variable light chain fragment of an anti-PD1 light chain. In
still another embodiment, the nucleic acid encoding a variable light chain fragment comprises the
nucleic acid sequence encoding SEQ ID NO:7.

Constant Domain

The minibody further comprises a constant domain. The constant domain can be a
fragment from an antibody such as, but not limited to, IgG1, 1gG2, IgG3, 1gG4, 1gGS5, 1gG6,
IgG7, 1gG8, 1gGY, 1gG10, IgG11, I1gG12, IgG13, IgG14, IgG15, IgG16, IgG17, IgG18 or IgG19.
The constant domain can be a fragment from any heavy or light chain of an antibody. A heavy-
chain constant domain that corresponds to the different classes of antibodies are denoted by the
corresponding lower case Greek letter a, J, €, v, and , respectively. Light chains of the
antibodies from any vertebrate species can be assigned to one of two clearly distinct types, called
kappa (k) and lambda (A), based on the amino acid sequences of their constant domains.

In one embodiment, the constant chain fragment comprises an IgG constant domain and
comprises the amino acid sequence
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:5).
In another embodiment, the nucleic acid encoding the minibody comprises a nucleic acid
encoding a constant chain fragment, wherein the constant chain fragment comprises the nucleic
acid sequence encoding SEQ ID NO:5.

Hinge Domain

The minibody also includes a hinge domain between the variable light chain fragment
and the constant chain fragment. Minibody hinge, minibody hinge domain, and hinge domain
are used interchangeably herein. The hinge domain can be derived from either a natural or a

synthetic source. When the source is natural, the hinge domain may be derived from any
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membrane-bound or transmembrane protein. Hinges of particular use in this invention may be
derived from (i.e. comprise at least the hinge domain(s) of) a receptor or cell surface molecule,
including but not limited to, the alpha, beta or zeta chain of the T-cell receptor, CD28, CD3
epsilon, CD45, CD4, CDS5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CDS6,
CD134, CD137, and CD154. In some instances, a variety of human hinges can be employed as
well including the human Ig (immunoglobulin) hinge, such as but not limited to, a hinge domain
from IgG1, IgG2, IgG3, IgG4, I1gGS, 1gG6, 1gG7, 1gG8, 1gGIY, 1gG10, IgG11, 1gG12, 1gG13,
IgG14, 1gG15, IgG16, IgG17, IgG18 or IgG19.

In one embodiment, the hinge domain may comprise up to 300 amino acids, for example,
from 10 to 100 amino acids, or from 20 to 50 amino acids.

In one embodiment, the hinge domain comprises a hinge from IgG. In another
embodiment, the hinge domain comprises the amino acid sequence
EPKSCDKTHTCPPCGGGSSGGGSG (SEQ ID NO:4). In yet another embodiment, the nucleic
acid encoding the minibody comprises a nucleic acid encoding a hinge domain from IgG. In still
another embodiment, the hinge domain nucleic acid comprises comprises the nucleic acid
sequence encoding SEQ ID NO:4.

Secretion Signal Domain

The minibody also includes a secretion signal. In one embodiment, the secretion signal
comprises the amino acid sequence METDTLLLWVLLLW VPGSTG (SEQ ID NO:2). In
another embodiment, the nucleic acid encoding the minibody comprises a nucleic acid encoding
the secretion signal, wherein the secretion signal comprises the nucleic acid sequence encoding
SEQ ID NO:2.

Other Domains

The minibody may include a linker or spacer domain. In one embodiment, the minibody
comprises a linker between the variable heavy chain fragment and the variable light chain
fragment. As used herein, the term “linker” or “spacer domain” generally means any oligo- or
polypeptide that functions to link one domain to another in the polypeptide chain. In one
embodiment, the linker or spacer domain may comprise up to 300 amino acids, for example,
from 5 to 75 amino acids, or from 10 to 50 amino acids. In another embodiment, a short oligo-
or polypeptide linker, for example, from 4 and 20 amino acids in length may form the linkage

between the the variable heavy chain fragment and the variable light chain fragment. An
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example of a linker includes a glycine-serine polypeptide. In one embodiment, the linker
comprises the amino acid sequence GGGSGGGSGGGSGGGSN (SEQ ID NO:3). In another
embodiment, the nucleic acid encoding the minibody comprises a nucleic acid encoding a linker,
wherein the linker comprises the nucleic acid sequence encoding SEQ ID NO:3.

The minibody may also include a protein tag or label. In one embodiment, the protein tag
or label is attached to the N’ terminus of the minibody. In another embodiment, the protein tag
or label is at the C’ terminus of the minibody. In yet another embodiment, the protein tag or
label is between a variable domain and a constant domain of the minibody. Some nonlimiting
examples of protein tags or labels may include myc-tag, FLAG-tag, His-tag, HA-tag, a
fluorescent protein (e.g. green fluorescent protein (GFP)), a fluorophore (e.g.
tetramethylrhodamine (TRITC), fluorescein isothiocyanate (FITC)), dinitrophenol, peridinin
chlorophyll protein complex, green fluorescent protein, phycoerythrin (PE), histidine, biotin,
streptavidin, avidin, horse radish peroxidase, palmitoylation, nitrosylation, alkalanine
phosphatase, glucose oxidase, Glutathione S —transferase (GST), maltose binding protein, a
radioisotope, and any types of compounds used for radioisotope labeling including, 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), diethylene triamine pentaacetic acid

(DTPA), and 1.,4,7-triazacyclononane-1.4,7-triacetic acid (NOTA).

Combination Compositions

The present invention also includes a composition comprising a minibody in combination
with a TCR, a CAR or a bispecific minibody, or unmodified lymphocytes. Thus, the present
invention encompasses a nucleic acid encoding a minibody and a nucleic acid encoding a TCR,
CAR or bispecific minibody, and a modified T cell capable of expressing a minibody and a TCR,
CAR or bispecific minibody.

One or more domains or a fragment of a domain of the TCR, CAR or bispecific minibody
may be human. In one embodiment, the present invention includes a fully human TCR, CAR or
bispecific minibody. The nucleic acid sequences encoding the desired domains can be obtained
using recombinant methods known in the art, such as, for example by screening libraries from
cells expressing the gene, by deriving the gene from a vector known to include the same, or by

isolating directly from cells and tissues containing the same, using standard techniques.
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Alternatively, the gene of interest can be produced synthetically, rather than as a cloned
molecule.

T Cell Receptor

The present invention also includes a composition comprising a minibody and a TCR.
The TCR generally comprises six different membrane bound chains that form the TCR
heterodimer responsible for ligand recognition. TCRs exist in alpha/beta and gamma/delta
forms, which are structurally similar but have distinct anatomical locations and functions.

Each chain is composed of two extracellular domains, a variable and constant domain. In
one embodiment, the TCR comprises at least one murine constant region. The constant domain
is proximal to the cell membrane, followed by a transmembrane domain and a short cytoplasmic
tail. In one embodiment, the modified TCR comprises a cytoplasmic domain including a co-
stimulatory signaling domain, such as a 4-1BB co-stimulatory signaling domain. The variable
domain contributes to the determination of the particular antigen and MHC molecule to which
the TCR has binding specificity. In turn, the specificity of a T cell for a unique antigen-MHC
complex resides in the particular TCR expressed by the T cell.

Each of the constant and variable domains may include an intra-chain disulfide bond. In
one embodiment, the TCR comprises at least one disulfide bond. The variable domains include
the highly polymorphic loops analogous to the complementarity determining regions (CDRs) of
antibodies. The diversity of TCR sequences is generated via somatic rearrangement of linked
variable (V), diversity (D), joining (J), and constant genes.

Functional alpha and gamma chain polypeptides are formed by rearranged V-J-C regions,
whereas beta and delta chains consist of V-D-J-C regions. The extracellular constant domain
includes a membrane proximal region and an immunoglobulin region.

In one embodiment, the TCR includes a wildtype TCR, a high affinity TCR, and a
chimeric TCR. When the TCR is modified, it may have higher affinity for the target cell surface
antigen than a wildtype TCR. In embodiments where the TCR is a chimeric TCR, the TCR may
be engineered to comprise specificity to a target cell antigen. The target cell surface antigen may
include any type of ligand that defines the surface of a target cell, such as a tumor cell antigen.
Thus examples of cell surface markers that may act as ligands for the TCR include antigens

associated with viral, bacterial and parasitic infections, autoimmune disease and cancer cells. In
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one embodiment, the target cell surface antigen includes any tumor associated antigen (TAA)
and viral antigen, disease cell associated antigen, or any fragment thereof.

In one embodiment, the TCR binds to a tumor antigen, such as an antigen that is specific
for a tumor or cancer of interest. In another embodiment, the TCR is capable of binding to an
antigen and the variable heavy chain fragment and the variable light chain fragment of the
minibody bind the same antigen.

Techniques for engineering and expressing T cell receptors include, but are not limited
to, the production of TCR heterodimers which include the native disulphide bridge which
connects the respective subunits (Garboczi, et al., (1996), Nature 384(6605): 134-41; Garboczi,
etal., (1996), J Immunol 157(12): 5403-10; Chang et al., (1994), PNAS USA 91: 11408-11412;
Davodeau et al., (1993), J. Biol. Chem. 268(21): 15455-15460; Golden et al., (1997), J. Imm.
Meth. 206: 163-169; U.S. Pat. No. 6,080,840).

CAR Molecules

The present invention also includes a composition comprising a minibody and a CAR.
The CAR comprises an antigen binding domain, a transmembrane domain and an intracellular
domain of a co-stimulatory molecule.

Example of CARs are described in U.S. Patent Nos.: 8,911,993, 8,906,682, 8,975,071,
8,916,381, 9,102,760, 9,101,584, and 9,102,761, all of which are incorporated herein by
reference in their entireties.

In one embodiment, the CAR comprises an antigen binding domain that binds to an
antigen on a target cell. Examples of cell surface markers that may act as an antigen that binds to
the antigen binding domain of the CAR include those associated with viral, bacterial and
parasitic infections, autoimmune disease, and cancer cells.

The choice of antigen binding domain depends upon the type and number of antigens that
are present on the surface of a target cell. For example, the antigen binding domain may be
chosen to recognize an antigen that acts as a cell surface marker on a target cell associated with a
particular disease state.

In one embodiment, the antigen binding domain binds to a tumor antigen, such as an

antigen that is specific for a tumor or cancer of interest. In another embodiment, the antigen
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binding domain of the CAR is capable of binding to an antigen and the variable heavy chain
fragment and the variable light chain fragment of the minibody bind the same antigen.

The antigen binding domain can include any domain that binds to the antigen and may
include, but is not limited to, a monoclonal antibody, a polyclonal antibody, a synthetic antibody,
a human antibody, a humanized antibody, a non-human antibody, and any fragment thereof.
Thus, in one embodiment, the antigen binding domain portion comprises a mammalian antibody
or a fragment thereof.

In one aspect, the antigen binding domain of a CAR described herein is a scFv antibody
fragment. In one aspect, such antibody fragments are functional in that they retain the equivalent
binding affinity, e.g., they bind the same antigen with comparable affinity, as the IgG antibody
from which it is derived. In other embodiments, the antibody fragment has a lower binding
affinity, e.g., it binds the same antigen with a lower binding affinity than the antibody from
which it is derived, but is functional in that it provides a biological response described herein. In
one embodiment, the CAR molecule comprises an antibody fragment that has a binding affinity
KD of 10* M to 10® M,eg., 10° M to 107 M,eg., 10° M or 107 M, for the target antigen. In
one embodiment, the antibody fragment has a binding affinity that is at least five-fold, 10-fold,
20-fold, 30-fold, 50-fold, 100-fold or 1,000-fold less than a reference antibody, e.g., an antibody

described herein.

In one aspect such antibody fragments are functional in that they provide a biological
response that can include, but is not limited to, activation of an immune response, inhibition of
signal-transduction origination from its target antigen, inhibition of kinase activity, and the like,

as will be understood by a skilled artisan.

In one aspect, the antigen binding domain of the CAR is a scFv antibody fragment that is

humanized compared to the murine sequence of the scFv from which it is derived.

In one aspect, the antigen binding domain of a CAR of the invention (e.g., a scFv) is
encoded by a nucleic acid molecule whose sequence has been codon optimized for expression in
a mammalian cell. In one aspect, entire CAR construct of the invention is encoded by a nucleic
acid molecule whose entire sequence has been codon optimized for expression in a mammalian
cell. Codon optimization refers to the discovery that the frequency of occurrence of synonymous

codons (i.e., codons that code for the same amino acid) in coding DNA is biased in different
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species. Such codon degeneracy allows an identical polypeptide to be encoded by a variety of
nucleotide sequences. A variety of codon optimization methods is known in the art, and include,

e.g., methods disclosed in at least US Patent Numbers 5,786,464 and 6,114,148.

In one aspect, the CARs of the invention combine an antigen binding domain of a
specific antibody with an intracellular signaling molecule. For example, in some aspects, the
intracellular signaling molecule includes, but is not limited to, CD3-zeta chain, 4-1BB and CD28
signaling modules and combinations thereof. In one aspect, the antigen binding domain binds to

a tumor antigen as described herein.

Furthermore, the present invention provides CARs and CAR-expressing cells and their
use in medicaments or methods for treating, among other diseases, cancer or any malignancy or
autoimmune diseases involving cells or tissues which express a tumor antigen as described

herein.

In one aspect, the CAR of the invention can be used to eradicate a normal cell that
express a tumor antigen as described herein, thereby applicable for use as a cellular conditioning
therapy prior to cell transplantation. In one aspect, the normal cell that expresses a tumor antigen
as described herein is a normal stem cell and the cell transplantation is a stem cell

transplantation.

In one aspect, the invention provides an immune effector cell (e.g., T cell, NK cell)
engineered to express a chimeric antigen receptor (CAR), wherein the engineered immune
effector cell exhibits an antitumor property. A preferred antigen is a cancer associated antigen
(i.e., tumor antigen) described herein. In one aspect, the antigen binding domain of the CAR
comprises a partially humanized antibody fragment. In one aspect, the antigen binding domain of
the CAR comprises a partially humanized scFv. Accordingly, the invention provides CARs that
comprises a humanized antigen binding domain and is engineered into a cell, e.g., a T cell or a

NK cell, and methods of their use for adoptive therapy.

In one aspect, the CARs of the invention comprise at least one intracellular domain
selected from the group of a CD137 (4-1BB) signaling domain, a CD28 signaling domain, a
CD27 signal domain, a CD3zeta signal domain, and any combination thereof. In one aspect, the
CARs of the invention comprise at least one intracellular signaling domain is from one or more

costimulatory molecule(s) other than a CD137 (4-1BB) or CD28.
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Sequences of some examples of various components of CARs of the instant invention is
listed in Table 1, where aa stands for amino acids, and na stands for nucleic acids that encode the

corresponding peptide.

Table 1. Sequences of various components of CAR (aa — amino acids, na — nucleic acids that

encodes the corresponding protein)

SEQ | description Sequence Corresp.

ID To

NO huCD19

400 | EF-1 CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCAC | 100
promoter ATCGCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTC

GGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGGG
TAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTT
TTTCCCGAGGGTGGGGGAGAACCGTATATAAGTGCAG
TAGTCGCCGTGAACGTTCTTTITCGCAACGGGTTITGCC
GCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCG
GGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCT
TGAATTACTTCCACCTGGCTGCAGTACGTGATTCTTGA
TCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCG
AGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTG
AGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCGTG
CGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTT
CGATAAGTCTCTAGCCATTTAAAATTTITGATGACCTG
CTGCGACGCTTITTTTTCTGGCAAGATAGTCTTGTAAAT
GCGGGCCAAGATCTGCACACTGGTATTTCGGTTITITGG
GGCCGCGGGCGGCGACGGGGCCCOGTGCGTCCCAGCGC
ACATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCAC
CGAGAATCGGACGGGGGTAGTCTCAAGCTGGCCGGCC
TGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCC
CGCCCTGGGCGGCAAGGCTGGCCCGGTCGGCACCAGT
TGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTG
CAGGGAGCTCAAAATGGAGGACGCGGCGCTCGGGAGA
GCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGGCC
TTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGA
GTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGA
GCTTITGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGG
TTTTATGCGATGGAGTTTCCCCACACTGAGTGGGTGGA
GACTGAAGTTAGGCCAGCTITGGCACTTGATGTAATTCT
CCTTGGAATTTGCCCTTTTTGAGTTTGGATCTTGGTTCA
TTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTTC
CATTTCAGGTGTCGTGA

401 Leader (aa) MALPVTALLLPLALLLHAARP 13

402 | Leader (na) ATGGCCCTGCCTGTGACAGCCCTGCTGCTGCCTCTGGC | 54
TCTGCTGCTGCATGCCGCTAGACCC

518 | Leader (na) ATGGCCCTCCCTGTCACCGCCCTGCTGCTTCCGCTGGC

47-



WO 2017/165683

PCT/US2017/023869

TCTTCTGCTCCACGCCGCTCGGCCC

519

Leader (na)

ATGGCCTTACCAGTGACCGCCTTGCTCCTGCCGCTGGC
CTTGCTGCTCCACGCCGCCAGGCCG

403

CD 8 hinge
(aa)

TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLD
FACD

14

404

CD8 hinge
(na)

ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGC
CCACCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAG
GCGTGCCGGCCAGCGGCGGGGGGCGCAGTGCACACGA
GGGGGCTGGACTTCGCCTGTGAT

55

405

Ig4 hinge (aa)

ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSQEDPEVQFNWY VDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTI
SKAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGKM

102

406

Ig4 hinge
(na)

GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGC
CCCCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCC
CCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGAC
CCCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGG
AGGACCCCGAGGTCCAGTTCAACTGGTACGTGGACGG
CGTGGAGGTGCACAACGCCAAGACCAAGCCCCGGGAG
GAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTGCT
GACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAA
TACAAGTGTAAGGTGTCCAACAAGGGCCTGCCCAGCA
GCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCC
TCGGGAGCCCCAGGTGTACACCCTGCCCCCTAGCCAAG
AGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCT
GGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAG
TGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGA
CCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTC
CTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGC
AGGAGGGCAACGTCTTTAGCTGCTCCGTGATGCACGA
GGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGC
CTGTCCCTGGGCAAGATG

103

407

IgD hinge
(aa)

RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGR
GGEEKKKEKEKEEQEERETKTPECPSHTQPLGVYLLTPA
VQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTG
GVEEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLN
HPSLPPQRLMALREPAAQAPVKLSLNLLASSDPPEAASW
LLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGS
TTFWAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASR
SLEVSYVTDH

47

408

IgD hinge
(na)

AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTG
TTCCTACTGCACAGCCCCAGGCAGAAGGCAGCCTAGC
CAAAGCTACTACTGCACCTGCCACTACGCGCAATACTG
GCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGA
AAGAAGAACAGGAAGAGAGGGAGACCAAGACCCCTG
AATGTCCATCCCATACCCAGCCGCTGGGCGTCTATCTC
TTGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAA
GGCCACCTTTACATGTTTCGTCGTGGGCTCTGACCTGA

48

48-




WO 2017/165683

PCT/US2017/023869

AGGATGCCCATTTGACTTGGGAGGTTGCCGGAAAGGT
ACCCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGC
CATTCCAATGGCTCTCAGAGCCAGCACTCAAGACTCAC
CCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCA
CATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGT
CTGATGGCCCTITAGAGAGCCAGCCGCCCAGGCACCAG
TTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTGATCCC
CCAGAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGG
CTTTAGCCCGCCCAACATCTTGCTCATGTGGCTGGAGG
ACCAGCGAGAAGTGAACACCAGCGGCTTCGCTCCAGC
CCGGCCCCCACCCCAGCCGGGTTCTACCACATTCTGGG
CCTGGAGTGTCTTAAGGGTCCCAGCACCACCTAGCCCC
CAGCCAGCCACATACACCTGTGTTGTGTCCCATGAAGA
TAGCAGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGG
TTTCCTACGTGACTGACCATT

510 GS GGGGSGGGGS 49
hinge/linker
(aa)

511 GS GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC 50
hinge/linker
(na)

12 CD8TM (aa) | IYIWAPLAGTCGVLLLSLVITLYC 15

13 CD8 TM (na) | ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGT | 56

CCTTCTCCTGTCACTGGTTATCACCCTTTACTGC
520 CD8 TM (na) | ATCTACATTTGGGCCCCTCTGGCTGGTACTTGCGGGGT
CCTGCTGCTTTCACTCGTGATCACTCTTTACTGT

14 4-1BB KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC | 16
intracellular EL
domain (aa)

15 4-1BB AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAAC | 60
intracellular AACCATTTATGAGACCAGTACAAACTACTCAAGAGGA
domain (na) AGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAGAA

GGAGGATGTGAACTG

521 4-1BB AAGCGCGGTCGGAAGAAGCTGCTGTACATCTTTAAGC
intracellular AACCCTTCATGAGGCCTGTGCAGACTACTCAAGAGGA
domain (na) GGACGGCTGTTCATGCCGGTTCCCAGAGGAGGAGGAA

GGCGGCTGCGAACTG

16 CD27 (aa) QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRK | 51
PEPACSP

17 CD27 (na) AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACA | 52
TGAACATGACTCCCCGCCGCCCCGGGCCCACCCGCAA
GCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAG
CCTATCGCTCC

18 CD3-zeta RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKR | 17
(aa) RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM

KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
19 CD3-zeta AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGT | 101

(na)

ACAAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAA
TCTAGGACGAAGAGAGGAGTACGATGTTITGGACAAG
AGACGTGGCCGGGACCCTGAGATGGGGGGAAAGCCGA
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GAAGGAAGAACCCTCAGGAAGGCCTGTACAATGAACT
GCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATT
GGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCAC
GATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAGG
ACACCTACGACGCCCTTCACATGCAGGCCCTGCCCCCT
CGC

20

CD3-zeta
(aa)

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKR
RGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

43

21

CD3-zeta
(na)

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGT
ACCAGCAGGGCCAG
AACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAG
AGGAGTACGATGTTT
TGGACAAGAGACGTGGCCGGGACCCTGAGATGGGGGG
AAAGCCGAGAAGGA
AGAACCCTCAGGAAGGCCTGTACAATGAACTGCAGAA
AGATAAGATGGCGG
AGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCG
GAGGGGCAAGGGGC
ACGATGGCCTTTACCAGGGTCTCAGTACAGCCACCAAG
GACACCTACGACGC
CCTTCACATGCAGGCCCTGCCCCCTCGC

44

522

CD3-zeta
(na)

CGCGTGAAATTCAGCCGCAGCGCAGATGCTCCAGCCT
ACAAGCAGGGGCAGAACCAGCTCTACAACGAACTCAA
TCTTGGTCGGAGAGAGGAGTACGACGTGCTGGACAAG
CGGAGAGGACGGGACCCAGAAATGGGCGGGAAGCCG
CGCAGAAAGAATCCCCAAGAGGGCCTGTACAACGAGC
TCCAAAAGGATAAGATGGCAGAAGCCTATAGCGAGAT
TGGTATGAAAGGGGAACGCAGAAGAGGCAAAGGCCA
CGACGGACTGTACCAGGGACTCAGCACCGCCACCAAG
GACACCTATGACGCTCTTCACATGCAGGCCCTGCCGCC
TCGG

22

linker

GGGGS

18

23

linker

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC

50

24

PD-1
extracellular
domain (aa)

Pgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfvinwyrmspsnqtdkl
aafpedrsqpgqdcrfrvtqlpngrdfhmsvvrarrndsgtylcgaislapkaqikeslra
clrvterracvptahpspsprpagqfqtlv

25

PD-1
extracellular
domain (na)

Cccggatggtttctggactctccggatcgeccgtggaateccecaaccttetcaceggeac
tettggttgtgactgagggegataatgegaccttcacgtgetegttctccaacacctecgaat
cattcgtgctgaactggtaccgeatgageccgtcaaaccagaccgacaagetcgecgegt
ttccggaagatcggtcgecaaccgggacaggattgteggttcegegtgactcaactgecga
atggcagagacttccacatgagegtggtecgegetaggegaaacgactecgggacctac
ctgtgcggagecatctegetggegectaaggeccaaatcaaagagagettgagggeega
actgagagtgaccgagcgeagagcetgaggtgccaactgeacatccatceccatcgecte

ggcctgeggggcagtttcagacectggte

26

PD-1 CAR
(aa) with
signal

Malpvtalllplalllhaarppgwfldspdrpwnpptfspallvvtegdnatftcsfsntse
sfvinwyrmspsnqtdklaafpedrsqpgqderfrvtglpngrdfhmsvvrarrndsgt
ylcgaislapkaqikeslraelrvterraevptahpspsprpagqfqtlvtttpaprpptpap
tiasqplslrpeacrpaaggavhtrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkll
yifkqpfmrpvqttqeedgescrfpeeeeggcelrvkfsrsadapaykqgqnglyneln
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lgrreeydvldkrrgrdpemggkprrknpgeglynelgkdkmaeayseigmkgerrr
gkghdglyqgglstatkdtydalhmgalppr

27 PD-1 CAR Atggecctecctgteactgecctgettetececctegeactectgetecacgecgetagac
(na) cacccggatggtttctggactetecggategeccgtggaatcecccaaccttetcaccgge
actettggttgtgactgagggcgataatgegaccttcacgtgetegttctccaacacctecga
atcattcgtgetgaactggtaccgeatgageccgtcaaaccagaccgacaagetegeege
gtttccggaagatcggtcgeaaccgggacaggattgteggttccgegtgactcaactgec
gaatggcagagacttccacatgagegtggtcegegetaggegaaacgactcegggacct
acctgtgeggagecatctegetggegectaaggeccaaatcaaagagagettgagggcc
gaactgagagtgaccgagegeagagetgaggtgccaactgeacatceatceecatcgec
tcggectgeggggeagtttcagacectggtecacgaccactccggegeegegeeeaccga
ctccggeeccaactatcgegagecageecctgtegetgaggeeggaageatgecgecct
gecgecggaggtgetgtgcataceeggggattggacttcgeatgegacatctacatttggg
ctectetcgecggaacttgtggegtgctecttetgtecctggteatcacectgtactgcaage
ggggteggaaaaagettetgtacattttcaagecageccttcatgaggecegtgecaaaccac
ccaggaggaggacggttgetectgeeggttcccegaagaggaagaaggaggttecgag
ctgcgegtgaagttctcecggagegeegacgeecccgectataagecagggecagaacca
getgtacaacgaactgaacctgggacggegggaagagtacgatgtgctggacaagegg
cgeggecgggaccecgaaatgggegggaagectagaagaaagaaccetcaggaagge
ctgtataacgagctgcagaaggacaagatggccgaggectactccgaaattgggatgaa

gggagageggeggaggggaaaggggeacgacggectgtaccaaggactgtcecaccg
ccaccaaggacacatacgatgccctgcacatgecaggecctteceeetcge

28 linker (Gly-Gly-Gly-Ser)n, where n = 1-10 105
29 linker (Gly4 Ser)4 106
30 linker (Gly4 Ser)3 107
31 linker (Gly3Ser) 108
32 polyA (aaaaaaaaaa),, where n = 200 118
33 polyA (aaaaaaaaaa),, where n =15 104
34 polyA (aaaaaaaaaa),, where n = 500 109
35 polyA (eeeeteteet),, where n = 10 110
36 polyA (eeeeteeett),,, where n = 500 111
37 polyA (aaaaaaaaaa),, where n = 500 112
38 polyA (aaaaaaaaaa),, where n = 40 113
39 PD1 CAR Pewfldspdrpwnpptfspallvvtegdnatftcsfsntsesfvinwyrmspsnqtdkl

(aa) aafpedrsgpgadcrfrvtglpnegrdfhmsvvrarrndsgtylcgaislapkagikeslra

clrvterraevptahpspsprpagqfqtlvtttpaprpptpaptiasqplslrpeacrpaag
gavhtrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqee
dgcescrfpeeeeggeelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrd
pemggkprrknpgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatk
dtydalhmgqalppr

505 CD28 RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
costimulatory | RS
domain (aa)

600 CD28 aggagtaagaggagcaggctcctgeacagtgactacatgaacatgactcceegecgecec
costimulatory | gggcccacccgeaageattaccagecctatgececaccacgegacttcgeagectatcget
domain (na) cC
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Cancer Associated Antigens

In certain aspects, the present invention provides immune effector cells (e.g., T cells, NK
cells) that are engineered to contain one or more CARs that direct the immune effector cells to
cancer. This is achieved through an antigen binding domain on the CAR that is specific for a
cancer associated antigen. There are two classes of cancer associated antigens (tumor antigens)
that can be targeted by the CARs of the instant invention: (1) cancer associated antigens that are
expressed on the surface of cancer cells; and (2) cancer associated antigens that itself is
intracellar, however, a fragment of such antigen (peptide) is presented on the surface of the

cancer cells by MHC (major histocompatibility complex).

Accordingly, the present invention provides CARs that target the following cancer
associated antigens (tumor antigens): CD19, CD123, CD22, CD30, CD171, CS-1, CLL-1
(CLECL1), CD33, EGFRvVIIT, GD2, GD3, BCMA, Tn Ag, PSMA, ROR1, FLT3, FAP, TAG72,
CD38, CD44v6, CEA, EPCAM, B7H3, KIT, IL-13Ra2, Mesothelin, IL-11Ra, PSCA, VEGFR2,
LewisY, CD24, PDGFR-beta, PRSS21, SSEA-4, CD20, Folate receptor alpha, ERBB2
(Her2/neu), MUC1, EGFR, NCAM, Prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor, CAIX,
LMP2, gp100, ber-abl, tyrosinase, EphA2, Fucosyl GM1, sLe, GM3, TGSS, HMWMAA, o-
acetyl-GD2, Folate receptor beta, TEM1/CD248, TEM7R, CLDN6, TSHR, GPRC5D,
CXORF61, CD97, CD179a, ALK, Polysialic acid, PLAC1, GloboH, NY-BR-1, UPK2,
HAVCR1, ADRB3, PANX3, GPR20, LY6K, OR51E2, TARP, WT1, NY-ESO-1, LAGE-1a,
legumain, HPV E6,E7, MAGE-A1, MAGE A1, ETV6-AML, sperm protein 17, XAGE]I, Tie 2,
MAD-CT-1, MAD-CT-2, Fos-related antigen 1, p53, p53 mutant, prostein, survivin and
telomerase, PCTA-1/Galectin 8, MelanA/MART1, Ras mutant, hTERT, sarcoma translocation
breakpoints, ML-IAP, ERG (TMPRSS2 ETS fusion gene), NA17, PAX3, Androgen receptor,
Cyclin B1, MYCN, RhoC, TRP-2, CYP1B1, BORIS, SART3, PAXS, OY-TES1, LCK, AKAP-
4, SSX2, RAGE-1, human telomerase reverse transcriptase, RU1, RU2, intestinal carboxyl
esterase, mut hsp70-2, CD79a, CD79b, CD72, LAIR1, FCAR, LILRA2, CD300LF, CLECI12A,
BST2, EMR2, LY75, GPC3, FCRLS, and IGLLI.

Tumor-supporting antigens

A CAR described herein can comprise an antigen binding domain (e.g., antibody or

antibody fragment, TCR or TCR fragment) that binds to a tumor-supporting antigen (e.g., a
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tumor-supporting antigen as described herein). In some embodiments, the tumor-supporting
antigen is an antigen present on a stromal cell or a myeloid-derived suppressor cell (MDSC).
Stromal cells can secrete growth factors to promote cell division in the microenvironment.
MDSC cells can inhibit T cell proliferation and activation. Without wishing to be bound by
theory, in some embodiments, the CAR-expressing cells destroy the tumor-supporting cells,

thereby indirectly inhibiting tumor growth or survival.

In embodiments, the stromal cell antigen is chosen from one or more of: bone marrow
stromal cell antigen 2 (BST2), fibroblast activation protein (FAP) and tenascin. In an
embodiment, the FAP-specific antibody is, competes for binding with, or has the same CDRs as,
sibrotuzumab. In embodiments, the MDSC antigen is chosen from one or more of: CD33,
CD11b, C14, CD15, and CD66b. Accordingly, in some embodiments, the tumor-supporting
antigen is chosen from one or more of: bone marrow stromal cell antigen 2 (BST2), fibroblast

activation protein (FAP) or tenascin, CD33, CD11b, C14, CD15, and CD66b.

Features of Chimeric Antigen Receptor (CAR)

The present invention encompasses a recombinant DNA construct comprising sequences
encoding a CAR, wherein the CAR comprises an antigen binding domain (e.g., antibody or
antibody fragment, TCR or TCR fragment) that binds specifically to a cancer associated antigen
described herein, wherein the sequence of the antigen binding domain is contiguous with and in
the same reading frame as a nucleic acid sequence encoding an intracellular signaling domain.
The intracellular signaling domain can comprise a costimulatory signaling domain and/or a
primary signaling domain, e.g., a zeta chain. The costimulatory signaling domain refers to a
portion of the CAR comprising at least a portion of the intracellular domain of a costimulatory

molecule.

In specific aspects, a CAR construct of the invention comprises a scFv domain, wherein
the scFv may be preceded by an optional leader sequence such as provided in SEQ ID NO: 401,
and followed by an optional hinge sequence such as provided in SEQ ID NO: 22, 28-31, 403,
510, 514, or 516, a transmembrane region such as provided in SEQ ID NO:12, an intracellular
signalling domain that includes SEQ ID NO: 505, and a CD3 zeta sequence that includes SEQ
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ID NO:18 or SEQ ID NO:20, e.g., wherein the domains are contiguous with and in the same

reading frame to form a single fusion protein.

In one aspect, an exemplary CAR constructs comprise an optional leader sequence (e.g.,
a leader sequence described herein), an extracellular antigen binding domain (e.g., an antigen
binding domain described herein), a hinge (e.g., a hinge region described herein), a
transmembrane domain (e.g., a transmembrane domain described herein), and an intracellular
stimulatory domain (e.g., an intracellular stimulatory domain described herein). In one aspect,
an exemplary CAR construct comprises an optional leader sequence (e.g., a leader sequence
described herein), an extracellular antigen binding domain (e.g., an antigen binding domain
described herein), a hinge (e.g., a hinge region described herein), a transmembrane domain (e.g.,
a transmembrane domain described herein), an intracellular costimulatory signaling domain (e.g.,
a costimulatory signaling domain described herein) and/or an intracellular primary signaling
domain (e.g., a primary signaling domain described herein). As used herein, CAR hinge, CAR

hinge region, and hinge region are used interchangeably.

An exemplary leader sequence is provided as SEQ ID NO: 401. An exemplary
hinge/spacer sequence is provided as SEQ ID NOs: 22, 28-31, 510, 514, or 516. An exemplary
transmembrane domain sequence is provided as SEQ ID NO:12. An exemplary sequence of the
intracellular signaling domain of CD28 is provided as SEQ ID NO: 505. An exemplary CD3zeta
domain sequence is provided as SEQ ID NO: 18 or SEQ ID NO:20.

In one aspect, the present invention encompasses a recombinant nucleic acid construct
comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid molecule
comprises the nucleic acid sequence encoding an antigen binding domain, e.g., described herein,
that is contiguous with and in the same reading frame as a nucleic acid sequence encoding an

intracellular signaling domain.

In one aspect, the present invention encompasses a recombinant nucleic acid construct
comprising a nucleic acid molecule encoding a CAR, wherein the nucleic acid molecule
comprises a nucleic acid sequence encoding an antigen binding domain, wherein the sequence is
contiguous with and in the same reading frame as the nucleic acid sequence encoding an
intracellular signaling domain. An exemplary intracellular signaling domain that can be used in

the CAR includes, but is not limited to, one or more intracellular signaling domains of, e.g.,
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CD3-zeta, CD28, CD27, 4-1BB, and the like. In some instances, the CAR can comprise any
combination of CD3-zeta, CD28, 4-1BB, and the like.

The nucleic acid sequences coding for the desired molecules can be obtained using
recombinant methods known in the art, such as, for example by screening libraries from cells
expressing the nucleic acid molecule, by deriving the nucleic acid molecule from a vector known
to include the same, or by isolating directly from cells and tissues containing the same, using
standard techniques. Alternatively, the nucleic acid of interest can be produced synthetically,

rather than cloned.

The present invention includes retroviral and lentiviral vector constructs expressing a

CAR that can be directly transduced into a cell.

The present invention also includes an RNA construct that can be directly transfected into
a cell. A method for generating mRNA for use in transfection involves in vitro transcription
(IVT) of a template with specially designed primers, followed by polyA addition, to produce a
construct containing 3’ and 5’ untranslated sequence (“UTR”) (e.g., a 3" and/or 5 UTR
described herein), a 5’ cap (e.g., a5’ cap described herein) and/or Internal Ribosome Entry Site
(IRES) (e.g., an IRES described herein), the nucleic acid to be expressed, and a polyA tail,
typically 50-2000 bases in length (SEQ ID NO:32). RNA so produced can efficiently transfect
different kinds of cells. In one embodiment, the template includes sequences for the CAR. In an
embodiment, an RNA CAR vector is transduced into a cell, e.g., a T cell or a NK cell, by

electroporation.

Antigen binding domain

In one aspect, the CAR of the invention comprises a target-specific binding element
otherwise referred to as an antigen binding domain. The choice of moiety depends upon the type
and number of ligands that define the surface of a target cell. For example, the antigen binding
domain may be chosen to recognize a ligand that acts as a cell surface marker on target cells
associated with a particular disease state. Thus, examples of cell surface markers that may act as
ligands for the antigen binding domain in a CAR of the invention include those associated with

viral, bacterial and parasitic infections, autoimmune disease and cancer cells.
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In one aspect, the CAR-mediated T-cell response can be directed to an antigen of interest
by way of engineering an antigen binding domain that specifically binds a desired antigen into

the CAR.

In one aspect, the portion of the CAR comprising the antigen binding domain comprises

an antigen binding domain that targets a tumor antigen, e.g., a tumor antigen described herein.

The antigen binding domain can be any domain that binds to the antigen including but
not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a human
antibody, a humanized antibody, and a functional fragment thereof, including but not limited to a
single-domain antibody such as a heavy chain variable domain (VH), a light chain variable
domain (VL) and a variable domain (VHH) of camelid derived nanobody, and to an alternative
scaffold known in the art to function as antigen binding domain, such as a recombinant
fibronectin domain, a T cell receptor (TCR), or a fragment there of, e.g., single chain TCR, and
the like. In some instances, it is beneficial for the antigen binding domain to be derived from the
same species in which the CAR will ultimately be used in. For example, for use in humans, it
may be beneficial for the antigen binding domain of the CAR to comprise human or humanized

residues for the antigen binding domain of an antibody or antibody fragment.

In one embodiment, an antigen binding domain against CD22 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Haso et al., Blood, 121(7): 1165-1174
(2013); Wayne et al., Clin Cancer Res 16(6): 1894-1903 (2010); Kato et al., Leuk Res 37(1):83-
88 (2013); Creative BioMart (creativebiomart.net): MOM-18047-S(P).

In one embodiment, an antigen binding domain against CS-1 is an antigen binding
portion, e.g., CDRs, of Elotuzumab (BMS), see e.g., Tai et al., 2008, Blood 112(4):1329-37; Tai
et al., 2007, Blood. 110(5):1656-63.

In one embodiment, an antigen binding domain against CLL-1 is an antigen binding
portion, e.g., CDRs, of an antibody available from R&D, ebiosciences, Abcam, for example,

PE-CLL1-hu Cat# 353604 (BioLegend); and PE-CLL1 (CLEC12A) Cat# 562566 (BD).

In one embodiment, an antigen binding domain against CD33 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Bross et al., Clin Cancer Res 7(6):1490-
1496 (2001) (Gemtuzumab Ozogamicin, hP67.6),Caron et al., Cancer Res 52(24):6761-6767
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(1992) (Lintuzumab, HuM195), Lapusan et al., Invest New Drugs 30(3):1121-1131 (2012)
(AVE9633), Aigner et al., Leukemia 27(5): 1107-1115 (2013) (AMG330, CD33 BiTE), Dutour
et al., Adv hematol 2012:683065 (2012), and Pizzitola et al., Leukemia doi:10.1038/Lue.2014.62
(2014).

In one embodiment, an antigen binding domain against GD2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Mujoo et al., Cancer Res. 47(4):1098-1104
(1987); Cheung et al., Cancer Res 45(6):2642-2649 (1985), Cheung et al., J Clin Oncol
5(9):1430-1440 (1987), Cheung et al., J Clin Oncol 16(9):3053-3060 (1998), Handgretinger et
al., Cancer Immunol Immunother 35(3):199-204 (1992). In some embodiments, an antigen
binding domain against GD2 is an antigen binding portion of an antibody selected from mAb
14.18, 14G2a, ch14.18, hul4.18, 3F8, hu3F8, 3G6, 8B6, 60C3, 10B8, ME36.1, and 8H9, see
e.g., W02012033885, W02013040371, W0O2013192294, W0O2013061273, WO2013123061,
W02013074916, and WO201385552. In some embodiments, an antigen binding domain against
GD2 is an antigen binding portion of an antibody described in US Publication No.: 20100150910
or PCT Publication No.: WO 2011160119.

In one embodiment, an antigen binding domain against BCMA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., WO2012163805, W0200112812, and
W02003062401.

In one embodiment, an antigen binding domain against Tn antigen is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US8,440,798, Brooks et al., PNAS
107(22):10056-10061 (2010), and Stone et al., Oncolmmunology 1(6):863-873(2012).

In one embodiment, an antigen binding domain against PSMA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Parker et al., Protein Expr Purif 89(2):136-
145 (2013), US 20110268656 (J591 ScFv); Frigerio et al, European J Cancer 49(9):2223-2232
(2013) (scFvD2B); WO 2006125481 (mAbs 3/A12, 3/E7 and 3/F11) and single chain antibody
fragments (scFv A5 and D7).

In one embodiment, an antigen binding domain against ROR1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hudecek et al., Clin Cancer Res
19(12):3153-3164 (2013); WO 2011159847; and US20130101607.
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In one embodiment, an antigen binding domain against FLT3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., WO2011076922, US5777084, EP(0754230,
US20090297529, and several commercial catalog antibodies (R&D, ebiosciences, Abcam).

In one embodiment, an antigen binding domain against TAG72 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hombach et al., Gastroenterology
113(4):1163-1170 (1997); and Abcam ab691.

In one embodiment, an antigen binding domain against FAP is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Ostermann et al., Clinical Cancer Research
14:4584-4592 (2008) (FAPS), US Pat. Publication No. 2009/0304718; sibrotuzumab (see e.g.,
Hoftheinz et al., Oncology Research and Treatment 26(1), 2003); and Tran et al., J Exp Med
210(6):1125-1135 (2013).

In one embodiment, an antigen binding domain against CD38 is an antigen binding
portion, e.g., CDRs, of daratumumab (see, e.g., Groen et al., Blood 116(21):1261-1262 (2010);
MOR202 (see, e.g., US8,263,746); or antibodies described in US8,362,211.

In one embodiment, an antigen binding domain against CD44v6 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Casucci et al., Blood 122(20):3461-3472
(2013).

In one embodiment, an antigen binding domain against CEA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Chmielewski et al., Gastoenterology
143(4):1095-1107 (2012).

In one embodiment, an antigen binding domain against EPCAM is an antigen binding
portion, e.g., CDRS, of an antibody selected from MT110, EpCAM-CD3 bispecific Ab (see, e.g.,
clinicaltrials.gov/ct2/show/NCT00635596); Edrecolomab; 3622W94; ING-1; and adecatumumab
(MT201).

In one embodiment, an antigen binding domain against PRSS21 is an antigen binding

portion, e.g., CDRs, of an antibody described in US Patent No.: 8,080,650.

In one embodiment, an antigen binding domain against B7H3 is an antigen binding

portion, e.g., CDRs, of an antibody MGA271 (Macrogenics).
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In one embodiment, an antigen binding domain against KIT is an antigen binding portion,
e.g., CDRs, of an antibody described in, e.g., US7915391, US20120288506 , and several

commercial catalog antibodies.

In one embodiment, an antigen binding domain against IL-13Ra2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., WO2008/146911, W02004087758,
several commercial catalog antibodies, and WO2004087758.

In one embodiment, an antigen binding domain against CD30 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US7090843 B1, and EPO805871.

In one embodiment, an antigen binding domain against GD3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US7253263; US 8,207,308; US
20120276046; EP1013761; W0O2005035577; and US6437098.

In one embodiment, an antigen binding domain against CD171 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hong et al., J Immunother 37(2):93-104
(2014).

In one embodiment, an antigen binding domain against IL-11Ra is an antigen binding
portion, e.g., CDRs, of an antibody available from Abcam (cat# ab55262) or Novus Biologicals
(cat# EPR5446). In another embodiment, an antigen binding domain again IL-11Ra is a peptide,
see, e.g., Huang et al., Cancer Res 72(1):271-281 (2012).

In one embodiment, an antigen binding domain against PSCA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Morgenroth et al., Prostate 67(10):1121-
1131 (2007) (scFv 7F5); Nejatollahi et al., J of Oncology 2013(2013), article ID 839831 (scFv
C5-1I); and US Pat Publication No. 20090311181.

In one embodiment, an antigen binding domain against VEGFR2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Chinnasamy et al., J Clin Invest
120(11):3953-3968 (2010).

In one embodiment, an antigen binding domain against LewisY is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Kelly et al., Cancer Biother Radiopharm
23(4):411-423 (2008) (hu3S193 Ab (scFvs)); Dolezal et al., Protein Engineering 16(1):47-56
(2003) (NC10 scFv).
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In one embodiment, an antigen binding domain against CD24 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Maliar et al., Gastroenterology
143(5):1375-1384 (2012).

In one embodiment, an antigen binding domain against PDGFR-beta is an antigen

binding portion, e.g., CDRs, of an antibody Abcam ab32570.

In one embodiment, an antigen binding domain against SSEA-4 is an antigen binding
portion, e.g., CDRs, of antibody MC813 (Cell Signaling), or other commercially available

antibodies.

In one embodiment, an antigen binding domain against CD20 is an antigen binding
portion, e.g., CDRs, of the antibody Rituximab, Ofatumumab, Ocrelizumab, Veltuzumab, or

GAI101.

In one embodiment, an antigen binding domain against Folate receptor alpha is an
antigen binding portion, e.g., CDRs, of the antibody IMGN853, or an antibody described in
US20120009181; US4851332, LK26: US5952484.

In one embodiment, an antigen binding domain against ERBB2 (Her2/neu) is an antigen

binding portion, e.g., CDRs, of the antibody trastuzumab, or pertuzumab.

In one embodiment, an antigen binding domain against MUCI is an antigen binding

portion, e.g., CDRs, of the antibody SAR566658.

In one embodiment, the antigen binding domain against EGFR is antigen binding portion,

e.g., CDRs, of the antibody cetuximab, panitumumab, zalutumumab, nimotuzumab, or

matuzumab.

In one embodiment, an antigen binding domain against NCAM is an antigen binding

portion, e.g., CDRs, of the antibody clone 2-2B: MAB5324 (EMD Millipore)

In one embodiment, an antigen binding domain against Ephrin B2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Abengozar et al., Blood 119(19):4565-
4576 (2012).
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In one embodiment, an antigen binding domain against IGF-I receptor is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., US8344112 B2; EP2322550 Al;
WO 2006/138315, or PCT/US2006/022995.

In one embodiment, an antigen binding domain against CAIX is an antigen binding

portion, e.g., CDRs, of the antibody clone 303123 (R&D Systems).

In one embodiment, an antigen binding domain against LMP2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US7,410,640, or US20050129701.

In one embodiment, an antigen binding domain against gp100 is an antigen binding
portion, e.g., CDRs, of the antibody HMB45, NKlbetaB, or an antibody described in
W02013165940, or US20130295007

In one embodiment, an antigen binding domain against tyrosinase is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US5843674; or US19950504048.

In one embodiment, an antigen binding domain against EphA?2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Yu et al., Mol Ther 22(1):102-111 (2014).

In one embodiment, an antigen binding domain against GD3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US7253263; US 8,207,308; US
20120276046; EP1013761 A3; 20120276046; WO0O2005035577; or US6437098.

In one embodiment, an antigen binding domain against fucosyl GM1 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., US20100297138; or
WO02007/067992.

In one embodiment, an antigen binding domain against sLe is an antigen binding portion,
e.g., CDRs, of the antibody G193 (for lewis Y), see Scott AM et al, Cancer Res 60: 3254-61
(2000), also as described in Neeson et al, J Immunol May 2013 190 (Meeting Abstract
Supplement) 177.10.

In one embodiment, an antigen binding domain against GM3 is an antigen binding

portion, e.g., CDRs, of the antibody CA 2523449 (mAb 14F7).

In one embodiment, an antigen binding domain against HMWMAA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Kmiecik et al., Oncoimmunology
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3(1):e27185 (2014) (PMID: 24575382) (mAb9.2.27); US6528481; W0O2010033866; or US
20140004124.

In one embodiment, an antigen binding domain against o-acetyl-GD?2 is an antigen

binding portion, e.g., CDRs, of the antibody 8B6.

In one embodiment, an antigen binding domain against TEM1/CD248 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Marty et al., Cancer Lett
235(2):298-308 (2006); Zhao et al., ] Immunol Methods 363(2):221-232 (2011).

In one embodiment, an antigen binding domain against CLDNG6 is an antigen binding
portion, e.g., CDRs, of the antibody IMAB027 (Ganymed Pharmaceuticals), see e.g.,
clinicaltrial.gov/show/NCT02054351.

In one embodiment, an antigen binding domain against TSHR is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US8,603,466; US8,501,415; or
US8.,309,693.

In one embodiment, an antigen binding domain against GPRCS5D is an antigen binding
portion, e.g., CDRs, of the antibody FAB6300A (R&D Systems); or LS-A4180 (Lifespan

Biosciences).

In one embodiment, an antigen binding domain against CD97 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US6,846,911;de Groot et al., J Immunol
183(6):4127-4134 (2009); or an antibody from R&D:MAB3734.

In one embodiment, an antigen binding domain against ALK is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Mino-Kenudson et al., Clin Cancer Res
16(5):1561-1571 (2010).

In one embodiment, an antigen binding domain against polysialic acid is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Nagae et al., J Biol Chem
288(47):33784-33796 (2013).

In one embodiment, an antigen binding domain against PLACI is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Ghods et al., Biotechnol Appl Biochem
2013 doi:10.1002/bab.1177.
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In one embodiment, an antigen binding domain against GloboH is an antigen binding
portion of the antibody VKB9; or an antibody described in, e.g., Kudryashov V et al, Glycoconj
J.15(3):243-9 ( 1998), Lou et al., Proc Natl Acad Sci USA 111(7):2482-2487 (2014) ; MBr1:
Bremer E-G et al. J Biol Chem 259:14773-14777 (1984).

In one embodiment, an antigen binding domain against NY-BR-1 is an antigen binding
portion, e.g., CDRs of an antibody described in, e.g., Jager et al., Appl Immunohistochem Mol
Morphol 15(1):77-83 (2007).

In one embodiment, an antigen binding domain against WT-1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Dao et al., Sci Transl Med 5(176):176ra33
(2013); or WO2012/135854.

In one embodiment, an antigen binding domain against MAGE-A1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Willemsen et al., J Immunol 174(12):7853-
7858 (2005) (TCR-like scFv).

In one embodiment, an antigen binding domain against sperm protein 17 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Song et al., Target Oncol 2013
Aug 14 (PMID: 23943313); Song et al., Med Oncol 29(4):2923-2931 (2012).

In one embodiment, an antigen binding domain against Tie 2 is an antigen binding

portion, e.g., CDRs, of the antibody AB33 (Cell Signaling Technology).

In one embodiment, an antigen binding domain against MAD-CT-2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., PMID: 2450952; US7635753.

In one embodiment, an antigen binding domain against Fos-related antigen 1 is an

antigen binding portion, e.g., CDRs, of the antibody 12F9 (Novus Biologicals).

In one embodiment, an antigen binding domain against MelanA/MART1 is an antigen

binding portion, e.g., CDRs, of an antibody described in, EP2514766 A2; or US 7,749,719.

In one embodiment, an antigen binding domain against sarcoma translocation breakpoints
is an antigen binding portion, e.g., CDRs, of an antibody described in, e.g., Luo et al, EMBO
Mol. Med. 4(6):453-461 (2012).
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In one embodiment, an antigen binding domain against TRP-2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Wang et al, J Exp Med. 184(6):2207-16
(1996).

In one embodiment, an antigen binding domain against CYP1B1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Maecker et al, Blood 102 (9): 3287-3294
(2003).

In one embodiment, an antigen binding domain against RAGE-1 is an antigen binding

portion, e.g., CDRs, of the antibody MAB5328 (EMD Millipore).

In one embodiment, an antigen binding domain against human telomerase reverse
transcriptase is an antigen binding portion, e.g., CDRs, of the antibody cat no: LS-B95-100

(Lifespan Biosciences)

In one embodiment, an antigen binding domain against intestinal carboxyl esterase is an
antigen binding portion, e.g., CDRs, of the antibody 4F12: cat no: LS-B6190-50 (Lifespan

Biosciences).

In one embodiment, an antigen binding domain against mut hsp70-2 is an antigen binding
portion, e.g., CDRs, of the antibody Lifespan Biosciences: monoclonal: cat no: LS-C133261-100

(Lifespan Biosciences).

In one embodiment, an antigen binding domain against CD79a is an antigen binding
portion, e.g., CDRs, of the antibody Anti-CD79a antibody [HM47/A9] (ab3121), available from
Abcam; antibody CD79A Antibody #3351 available from Cell Signalling Technology; or
antibody HPA017748 - Anti-CD79A antibody produced in rabbit, available from Sigma Aldrich.

In one embodiment, an antigen binding domain against CD79b is an antigen binding
portion, e.g., CDRs, of the antibody polatuzumab vedotin, anti-CD79b described in Dornan et
al., “Therapeutic potential of an anti-CD79b antibody-drug conjugate, anti-CD79b-ve-MMAE,
for the treatment of non-Hodgkin lymphoma” Blood. 2009 Sep 24;114(13):2721-9. doi:
10.1182/blood-2009-02-205500. Epub 2009 Jul 24, or the bispecific antibody Anti-CD79b/CD3
described in “4507 Pre-Clinical Characterization of T Cell-Dependent Bispecific Antibody Anti-
CD79b/CD3 As a Potential Therapy for B Cell Malignancies” Abstracts of 56™ ASH Annual
Meeting and Exposition, San Francisco, CA December 6-9 2014.

-64-



10

15

20

25

WO 2017/165683 PCT/US2017/023869

In one embodiment, an antigen binding domain against CD72 is an antigen binding
portion, e.g., CDRs, of the antibody J3-109 described in Myers, and Uckun, “An anti-CD72
immunotoxin against therapy-refractory B-lineage acute lymphoblastic leukemia.” Leuk
Lymphoma. 1995 Jun;18(1-2):119-22, or anti-CD72 (10D6.8.1, mIgG1) described in Polson et
al., “Antibody-Drug Conjugates for the Treatment of Non—-Hodgkin's Lymphoma: Target and
Linker-Drug Selection” Cancer Res March 15, 2009 69; 2358.

In one embodiment, an antigen binding domain against LAIR1 is an antigen binding
portion, e.g., CDRs, of the antibody ANT-301 LAIRI antibody, available from ProSpec; or anti-
human CD305 (LAIR1) Antibody, available from BioLegend.

In one embodiment, an antigen binding domain against FCAR is an antigen binding
portion, e.g., CDRs, of the antibody CD89/FCAR Antibody (Catalog#10414-HO8H), available

from Sino Biological Inc.

In one embodiment, an antigen binding domain against LILRA?2 is an antigen binding
portion, e.g., CDRs, of the antibody LILRA?2 monoclonal antibody (M17), clone 3C7, available
from Abnova, or Mouse Anti-LILRA2 antibody, Monoclonal (2D7), available from Lifespan

Biosciences..

In one embodiment, an antigen binding domain against CD300LF is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-CMRF35-like molecule 1 antibody,
Monoclonal[UP-D2], available from BioLegend, or Rat Anti-CMRF35-like molecule 1 antibody,
Monoclonal[234903], available from R&D Systems..

In one embodiment, an antigen binding domain against CLEC12A is an antigen binding
portion, e.g., CDRs, of the antibody Bispecific T cell Engager (BiTE) scFv-antibody and ADC
described in Noordhuis et al., “Targeting of CLEC12A In Acute Myeloid Leukemia by
Antibody-Drug-Conjugates and Bispecific CLL-1xCD3 BiTE Antibody” 5 3™ ASH Annual
Meeting and Exposition, December 10-13, 2011, and MCLA-117 (Merus).

In one embodiment, an antigen binding domain against BST2 (also called CD317) is an
antigen binding portion, e.g., CDRs, of the antibody Mouse Anti-CD317 antibody,
Monoclonal[3H4], available from Antibodies-Online or Mouse Anti-CD317 antibody,
Monoclonal[696739], available from R&D Systems.
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In one embodiment, an antigen binding domain against EMR2 (also called CD312) is an
antigen binding portion, e.g., CDRs, of the antibody Mouse Anti-CD312 antibody,
Monoclonal[LS-B8033] available from Lifespan Biosciences, or Mouse Anti-CD312 antibody,
Monoclonal[494025] available from R&D Systems.

In one embodiment, an antigen binding domain against LY75 is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-Lymphocyte antigen 75 antibody,
Monoclonal[HD30] available from EMD Millipore or Mouse Anti-Lymphocyte antigen 75
antibody, Monoclonal[A15797] available from Life Technologies.

In one embodiment, an antigen binding domain against GPC3 is an antigen binding
portion, e.g., CDRs, of the antibody hGC33 described in Nakano K, Ishiguro T, Konishi H, et al.
Generation of a humanized anti-glypican 3 antibody by CDR grafting and stability optimization.
Anticancer Drugs. 2010 Nov;21(10):907-916, or MDX-1414, HN3, or YP7, all three of which
are described in Feng et al., “Glypican-3 antibodies: a new therapeutic target for liver cancer.”

FEBS Lett. 2014 Jan 21;588(2):377-82.

In one embodiment, an antigen binding domain against FCRLS is an antigen binding
portion, e.g., CDRs, of the anti-FcRLS antibody described in Elkins et al., “FcRLS as a target of
antibody-drug conjugates for the treatment of multiple myeloma” Mol Cancer Ther. 2012

Oct;11(10):2222-32. .

In one embodiment, an antigen binding domain against IGLLI is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-Immunoglobulin lambda-like polypeptide 1
antibody, Monoclonal[AT1G4] available from Lifespan Biosciences, Mouse Anti-
Immunoglobulin lambda-like polypeptide 1 antibody, Monoclonal[HSL11] available from
BioLegend.

In one embodiment, the antigen binding domain comprises one, two three (e.g., all three)
heavy chain CDRs, HC CDR1, HC CDR2 and HC CDR3, from an antibody listed above, and/or
one, two, three (e.g., all three) light chain CDRs, LC CDR1, LC CDR2 and LC CDR3, from an
antibody listed above. In one embodiment, the antigen binding domain comprises a heavy chain

variable region and/or a variable light chain region of an antibody listed above.
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In another aspect, the antigen binding domain comprises a humanized antibody or an
antibody fragment. In some aspects, a non-human antibody is humanized, where specific
sequences or regions of the antibody are modified to increase similarity to an antibody naturally
produced in a human or fragment thereof. In one aspect, the antigen binding domain is

humanized.

A humanized antibody can be produced using a variety of techniques known in the art,
including but not limited to, CDR-grafting (see, e.g., European Patent No. EP 239,400;
International Publication No. WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101, and
5,585,089, each of which is incorporated herein in its entirety by reference), veneering or
resurfacing (see, e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991,
Molecular Immunology, 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering, 7(6):805-
814; and Roguska et al., 1994, PNAS, 91:969-973, each of which is incorporated herein by its
entirety by reference), chain shuffling (see, e.g., U.S. Pat. No. 5,565,332, which is incorporated
herein in its entirety by reference), and techniques disclosed in, e.g., U.S. Patent Application
Publication No. US2005/0042664, U.S. Patent Application Publication No. US2005/0048617,
U.S. Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, International Publication No. WO 9317105,
Tan et al., J. Immunol., 169:1119-25 (2002), Caldas et al., Protein Eng., 13(5):353-60 (2000),
Morea et al., Methods, 20(3):267-79 (2000), Baca et al., J. Biol. Chem., 272(16):10678-84
(1997), Roguska et al., Protein Eng., 9(10):895-904 (1996), Couto et al., Cancer Res., 55 (23
Supp):5973s-5977s (1995), Couto et al., Cancer Res., 55(8):1717-22 (1995), Sandhu J S, Gene,
150(2):409-10 (1994), and Pedersen et al., J. Mol. Biol., 235(3):959-73 (1994), each of which is
incorporated herein in its entirety by reference. Often, framework residues in the framework
regions will be substituted with the corresponding residue from the CDR donor antibody to alter,
for example improve, antigen binding. These framework substitutions are identified by methods
well-known in the art, €.g., by modeling of the interactions of the CDR and framework residues
to identify framework residues important for antigen binding and sequence comparison to
identify unusual framework residues at particular positions. (See, e.g., Queen et al., U.S. Pat. No.
5,585,089; and Riechmann et al., 1988, Nature, 332:323, which are incorporated herein by

reference in their entireties.)

A humanized antibody or antibody fragment has one or more amino acid residues

remaining in it from a source which is nonhuman. These nonhuman amino acid residues are
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often referred to as “import” residues, which are typically taken from an “import” variable
domain. As provided herein, humanized antibodies or antibody fragments comprise one or more
CDRs from nonhuman immunoglobulin molecules and framework regions wherein the amino
acid residues comprising the framework are derived completely or mostly from human germline.
Multiple techniques for humanization of antibodies or antibody fragments are well-known in the
art and can essentially be performed following the method of Winter and co-workers (Jones et
al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et
al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the
corresponding sequences of a human antibody, i.e., CDR-grafting (EP 239,400; PCT Publication
No. WO 91/09967; and U.S. Pat. Nos. 4,816,567; 6,331.415; 5,225,539; 5,530,101; 5.,585,089;
6,548,640, the contents of which are incorporated herein by reference herein in their entirety). In
such humanized antibodies and antibody fragments, substantially less than an intact human
variable domain has been substituted by the corresponding sequence from a nonhuman species.
Humanized antibodies are often human antibodies in which some CDR residues and possibly
some framework (FR) residues are substituted by residues from analogous sites in rodent
antibodies. Humanization of antibodies and antibody fragments can also be achieved by
veneering or resurfacing (EP 592,106; EP 519,596; Padlan, 1991, Molecular Immunology,
28(4/5):489-498; Studnicka et al., Protein Engineering, 7(6):805-814 (1994); and Roguska et al.,
PNAS, 91:969-973 (1994)) or chain shuffling (U.S. Pat. No. 5,565,332), the contents of which

are incorporated herein by reference herein in their entirety.

The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is to reduce antigenicity. According to the so-called “best-fit” method, the
sequence of the variable domain of a rodent antibody is screened against the entire library of
known human variable-domain sequences. The human sequence which is closest to that of the
rodent is then accepted as the human framework (FR) for the humanized antibody (Sims et al., J.
Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987), the contents of which
are incorporated herein by reference herein in their entirety). Another method uses a particular
framework derived from the consensus sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework may be used for several different
humanized antibodies (see, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165 (1997);
Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol., 151:2623
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(1993), the contents of which are incorporated herein by reference herein in their entirety). In
some embodiments, the framework region, e.g., all four framework regions, of the heavy chain
variable region are derived from a VH4_4-59 germline sequence. In one embodiment, the
framework region can comprise, one, two, three, four or five modifications, e.g., substitutions,
e.g., from the amino acid at the corresponding murine sequence. In one embodiment, the
framework region, e.g., all four framework regions of the light chain variable region are derived
from a VK3_1.25 germline sequence. In one embodiment, the framework region can comprise,
one, two, three, four or five modifications, e.g., substitutions, e.g., from the amino acid at the

corresponding murine sequence.

In some aspects, the portion of a CAR composition of the invention that comprises an
antibody fragment is humanized with retention of high affinity for the target antigen and other
favorable biological properties. According to one aspect of the invention, humanized antibodies
and antibody fragments are prepared by a process of analysis of the parental sequences and
various conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and
are familiar to those skilled in the art. Computer programs are available which illustrate and
display probable three-dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
residues in the functioning of the candidate immunoglobulin sequence, e.g., the analysis of
residues that influence the ability of the candidate immunoglobulin to bind the target antigen. In
this way, FR residues can be selected and combined from the recipient and import sequences so
that the desired antibody or antibody fragment characteristic, such as increased affinity for the
target antigen, is achieved. In general, the CDR residues are directly and most substantially

involved in influencing antigen binding.

A humanized antibody or antibody fragment may retain a similar antigenic specificity as
the original antibody, e.g., in the present invention, the ability to bind human a cancer associated
antigen as described herein. In some embodiments, a humanized antibody or antibody fragment
may have improved affinity and/or specificity of binding to human a cancer associated antigen as

described herein.
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In one aspect, the antigen binding domain of the invention is characterized by particular
functional features or properties of an antibody or antibody fragment. For example, in one
aspect, the portion of a CAR composition of the invention that comprises an antigen binding

domain specifically binds a tumor antigen as described herein.

In one aspect, the anti-cancer associated antigen as described herein binding domain is a
fragment, e.g., a single chain variable fragment (scFv). In one aspect, the anti- cancer associated
antigen as described herein binding domain is a Fv, a Fab, a (Fab')2, or a bi-functional (e.g. bi-
specific) hybrid antibody (e.g., Lanzavecchia et al., Eur. J. Immunol. 17, 105 (1987)). In one
aspect, the antibodies and fragments thereof of the invention binds a cancer associated antigen

as described herein protein with wild-type or enhanced affinity.

In some instances, scFvs can be prepared according to method known in the art (see, for
example, Bird et al., (1988) Science 242:423-426 and Huston et al., (1988) Proc. Natl. Acad. Sci.
USA 85:5879-5883). ScFv molecules can be produced by linking VH and VL regions together
using flexible polypeptide linkers. The scFv molecules comprise a linker (e.g., a Ser-Gly linker)
with an optimized length and/or amino acid composition. The linker length can greatly affect
how the variable regions of a scFv fold and interact. In fact, if a short polypeptide linker is
employed (e.g., between 5-10 amino acids) intrachain folding is prevented. Interchain folding is
also required to bring the two variable regions together to form a functional epitope binding site.
For examples of linker orientation and size see, e.g., Hollinger et al. 1993 Proc Natl Acad. Sci.
U.S.A. 90:6444-6448, U.S. Patent Application Publication Nos. 2005/0100543, 2005/0175606,
2007/0014794, and PCT publication Nos. WO2006/020258 and W0O2007/024715, is

incorporated herein by reference.

An scFv can comprise a linker of atleast 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more amino acid residues between its VL and VH
regions. The linker sequence may comprise any naturally occurring amino acid. In some
embodiments, the linker sequence comprises amino acids glycine and serine. In another
embodiment, the linker sequence comprises sets of glycine and serine repeats such as (Glys4Ser)n,
where n is a positive integer equal to or greater than 1 (SEQ ID NO:22). In one embodiment, the
linker can be (GlysSer)s (SEQ ID NO:29) or (GlysSer)3(SEQ ID NO:30). Variation in the linker

length may retain or enhance activity, giving rise to superior efficacy in activity studies.
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In another aspect, the antigen binding domain is a T cell receptor (“TCR”), or a fragment
thereof, for example, a single chain TCR (scTCR). Methods to make such TCRs are known in
the art. See, e.g., Willemsen RA et al, Gene Therapy 7: 1369—-1377 (2000); Zhang T et al, Cancer
Gene Ther 11: 487-496 (2004); Aggen et al, Gene Ther. 19(4):365-74 (2012) (references are
incorporated herein by its entirety). For example, scTCR can be engineered that contains the Va.
and VJ3 genes from a T cell clone linked by a linker (e.g., a flexible peptide). This approach is
very useful to cancer associated target that itself is intracellar, however, a fragment of such

antigen (peptide) is presented on the surface of the cancer cells by MHC.

In one embodiment, an antigen binding domain against EGFRVIII is an antigen binding
portion, e.g., CDRs, of a CAR, antibody or antigen-binding fragment thereof described in, e.g.,
PCT publication W0O2014/130657 or US2014/0322275A1. In one embodiment, the CAR
molecule comprises an EGFRVIII CAR, or an antigen binding domain according to Table 2 or
SEQ ID NO:11 of WO 2014/130657, incorporated herein by reference, or a sequence
substantially identical thereto (e.g., at least 85%, 90%, 95% or more identical thereto). The
amino acid and nucleotide sequences encoding the EGFRVIII CAR molecules and antigen
binding domains (e.g., including one, two, three VH CDRs; and one, two, three VL CDRs
according to Kabat or Chothia), are specified in WO 2014/130657.

In one embodiment, an antigen binding domain against mesothelin is an antigen binding
portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR described in, e.g., PCT
publication WO2015/090230. In one embodiment, an antigen binding domain against
mesothelin is an antigen binding portion, e.g., CDRs, of an antibody, antigen-binding fragment,
or CAR described in, e.g., PCT publication WO1997/025068, W(01999/028471,
W02005/014652, W0O2006/099141, W02009/045957, W0O2009/068204, W(O2013/142034,
WO02013/040557, or WO2013/063419.

In an embodiment, the CAR molecule comprises a mesothelin CAR described herein,
e.g., a mesothelin CAR described in WO 2015/090230, incorporated herein by reference. In
embodiments, the mesothelin CAR comprises an amino acid, or has a nucleotide sequence
shown in Tables 2 or 3, or a sequence substantially identical to any of the aforesaid sequences
(e.g., at least 85%, 90%, 95% or more identical to any of the aforesaid mesothelin CAR

sequences). In one embodiment, the CAR molecule comprises a mesothelin CAR, or an antigen
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binding domain according to Tables 2-3 of WO 2015/090230, incorporated herein by reference
and included in adapted form below, or a sequence substantially identical thereto (e.g., at least
85%, 90%, 95% or more identical thereto). The amino acid and nucleotide sequences encoding
the mesothelin CAR molecules and antigen binding domains (e.g., including one, two, three VH
CDRs; and one, two, three VL CDRs according to Kabat or Chothia), are specified in WO
2015/090230.

In one embodiment, an antigen binding domain against CD123 is an antigen binding
portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR described in, e.g., PCT
publication W0O2016/028896. In one embodiment, an antigen binding domain against CD123 is
an antigen binding portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR
described in, e.g., PCT publication W0O2014/130635. In one embodiment, an antigen binding
domain against CD123 is an antigen binding portion, e.g., CDRs, of an antibody, antigen-binding
fragment, or CAR described in, e.g., PCT publication W02014/138805, W02014/138819,
WO02013/173820, W02014/144622, W02001/66139, W0O2010/126066, W02014/144622, or
US2009/0252742.

In one embodiment, an antigen binding domain against CD123 is an antigen binding
portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR described in,
e.g.,US2014/0322212A1 or US2016/0068601A1, both incorporated herein by reference. In
embodiments, the CD123 CAR comprises an amino acid, or has a nucleotide sequence shown in
US2014/0322212A1 or US2016/0068601A1, both incorporated herein by reference, or a
sequence substantially identical to any of the aforesaid sequences (e.g., at least 85%, 90%, 95%
or more identical to any of the aforesaid CD123 CAR sequences). In one embodiment, the CAR
molecule comprises a CD123 CAR (e.g., any of the CAR1-CARS), or an antigen binding domain
according to Tables 1-2 of WO 2014/130635, incorporated herein by reference, or a sequence
substantially identical thereto (e.g., at least 85%, 90%, 95% or more identical to any of the
aforesaid CD123 CAR sequences). The amino acid and nucleotide sequences encoding the
CD123 CAR molecules and antigen binding domains (e.g., including one, two, three VH CDRs;
and one, two, three VL CDRs according to Kabat or Chothia), are specified in WO 2014/130635.

In other embodiments, the CAR molecule comprises a CD123 CAR comprises a CAR
molecule (e.g., any of the CAR123-1 to CAR123-4 and hzCAR123-1 to hzCAR123-32), or an
antigen binding domain according to Tables 2, 6, and 9 of W0O2016/028896, incorporated herein
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by reference, or a sequence substantially identical thereto (e.g., at least 85%, 90%, 95% or more
identical to any of the aforesaid CD123 CAR sequences). The amino acid and nucleotide
sequences encoding the CD123 CAR molecules and antigen binding domains (e.g., including
one, two, three VH CDRs; and one, two, three VL CDRs according to Kabat or Chothia), are
specified in W0O2016/028896.

In one embodiment, an antigen binding domain against CD22 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Haso et al., Blood, 121(7): 1165-1174
(2013); Wayne et al., Clin Cancer Res 16(6): 1894-1903 (2010); Kato et al., Leuk Res 37(1):83-
88 (2013); Creative BioMart (creativebiomart.net): MOM-18047-S(P).

In one embodiment, an antigen binding domain against CS-1 is an antigen binding
portion, e.g., CDRs, of Elotuzumab (BMS), see e.g., Tai et al., 2008, Blood 112(4):1329-37; Tai
et al., 2007, Blood. 110(5):1656-63.

In one embodiment, an antigen binding domain against CLL-1 is an antigen binding
portion, e.g., CDRs, of an antibody available from R&D, ebiosciences, Abcam, for example,

PE-CLL1-hu Cat# 353604 (BioLegend); and PE-CLL1 (CLEC12A) Cat# 562566 (BD).

In other embodiments, the CLL1 CAR includes a CAR molecule, or an antigen binding
domain according to Table 2 of W0O2016/014535, incorporated herein by reference. The amino
acid and nucleotide sequences encoding the CLL-1 CAR molecules and antigen binding domains
(e.g., including one, two, three VH CDRs; and one, two, three VL CDRs according to Kabat or
Chothia), are specified in W0O2016/014535.

In one embodiment, an antigen binding domain against CD33 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Bross et al., Clin Cancer Res 7(6):1490-
1496 (2001) (Gemtuzumab Ozogamicin, hP67.6),Caron et al., Cancer Res 52(24):6761-6767
(1992) (Lintuzumab, HuM195), Lapusan et al., Invest New Drugs 30(3):1121-1131 (2012)
(AVE9633), Aigner et al., Leukemia 27(5): 1107-1115 (2013) (AMG330, CD33 BiTE), Dutour
et al., Adv hematol 2012:683065 (2012), and Pizzitola et al., Leukemia doi:10.1038/Lue.2014.62
(2014).

In one embodiment, an antigen binding domain against CD33 is an antigen binding

portion, e.g., CDRs, of an antibody described in, US2016/0096892A1, incorporated herein by
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reference. In embodiments, the CD33 CAR comprises an amino acid, or has a nucleotide
sequence shown in US2016/0096892A1, incorporated herein by reference, or a sequence
substantially identical to any of the aforesaid sequences (e.g., at least 85%, 90%, 95% or more
identical to any of the aforesaid CD33 CAR sequences). In other embodiments, the CD33 CAR
CAR or antigen binding domain thereof can include a CAR molecule (e.g., any of CAR33-1 to
CAR-33-9), or an antigen binding domain according to Table 2 or 9 of W02016/014576,
incorporated herein by reference, or a sequence substantially identical to any of the aforesaid
sequences (e.g., at least 85%, 90%, 95% or more identical to any of the aforesaid CD33 CAR
sequences). The amino acid and nucleotide sequences encoding the CD33 CAR molecules and
antigen binding domains (e.g., including one, two, three VH CDRs; and one, two, three VL

CDRs according to Kabat or Chothia), are specified in W02016/014576.

In one embodiment, an antigen binding domain against GD2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Mujoo et al., Cancer Res. 47(4):1098-1104
(1987); Cheung et al., Cancer Res 45(6):2642-2649 (1985), Cheung et al., J Clin Oncol
5(9):1430-1440 (1987), Cheung et al., J Clin Oncol 16(9):3053-3060 (1998), Handgretinger et
al., Cancer Immunol Immunother 35(3):199-204 (1992). In some embodiments, an antigen
binding domain against GD2 is an antigen binding portion of an antibody selected from mAb
14.18, 14G2a, ch14.18, hul4.18, 3F8, hu3F8, 3G6, 8B6, 60C3, 10B8, ME36.1, and 8H9, see
e.g., W02012033885, W02013040371, W0O2013192294, W0O2013061273, WO2013123061,
W02013074916, and WO201385552. In some embodiments, an antigen binding domain against
GD2 is an antigen binding portion of an antibody described in US Publication No.: 20100150910
or PCT Publication No.: WO 2011160119.

In one embodiment, an antigen binding domain against BCMA is an antigen binding
portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR described in, e.g., PCT
publication W0O2016/014565, e.g., the antigen binding portion of CAR BCMA-10 as described
in W0O2016/014565. In one embodiment, an antigen binding domain against BCMA is an
antigen binding portion, e.g., CDRs, of an antibody, antigen-binding fragment or CAR described
in, e.g., PCT publication W0O2016/014789. In one embodiment, an antigen binding domain
against BCMA is an antigen binding portion, e.g., CDRs, of an antibody described in, e.g.,
W02012/163805, W02001/12812, and WO2003/062401.
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In other embodiment, the CAR molecule comprises a BCMA CAR molecule, or an
antigen binding domain against BCMA described herein, e.g., a BCMA CAR described in US-
2016-0046724-A1 or W0O2016/014565. In embodiments, the BCMA CAR comprises an amino
acid, or has a nucleotide sequence of a CAR molecule, or an antigen binding domain according
to US-2016-0046724-A1, or Table 1 or 16, SEQ ID NO: 271 or SEQ ID NO: 273 of
WO02016/014565, incorporated herein by reference, or a sequence substantially identical to any
of the aforesaid sequences (e.g., at least 85%, 90%, 95% or more identical to any of the aforesaid
BCMA CAR sequences). The amino acid and nucleotide sequences encoding the BCMA CAR
molecules and antigen binding domains (e.g., including one, two, three VH CDRs; and one, two,

three VL CDRs according to Kabat or Chothia), are specified in WO2016/014565.

In one embodiment, an antigen binding domain against GFR ALPHA-4 CAR antigen is
an antigen binding portion, e.g., CDRs, of an antibody described in, e.g., W02016/025880,
incorporated herein by reference. In one embodiment, the CAR molecule comprises an a GFR
ALPHA-4 CAR, e.g., a CAR molecule, or an antigen binding domain according to Table 2 of
W02016/025880, incorporated herein by reference, or a sequence substantially identical to any
of the aforesaid sequences (e.g., at least 85%, 90%, 95% or more identical to any of the aforesaid
GFR ALPHA-4 sequences). The amino acid and nucleotide sequences encoding the GFR
ALPHA-4 CAR molecules and antigen binding domains (e.g., including one, two, three VH
CDRs; and one, two, three VL CDRs according to Kabat or Chothia), are specified in
W02016/025880.

In one embodiment, an antigen binding domain against Tn antigen is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US8,440,798; Brooks et al., PNAS
107(22):10056-10061 (2010), and Stone et al., Oncolmmunology 1(6):863-873(2012).

In one embodiment, an antigen binding domain against PSMA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Parker et al., Protein Expr Purif 89(2):136-
145 (2013), US 20110268656 (J591 ScFv); Frigerio et al, European J Cancer 49(9):2223-2232
(2013) (scFvD2B); WO 2006125481 (mAbs 3/A12, 3/E7 and 3/F11) and single chain antibody
fragments (scFv A5 and D7).
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In one embodiment, an antigen binding domain against ROR1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hudecek et al., Clin Cancer Res
19(12):3153-3164 (2013); WO 2011159847; and US20130101607.

In one embodiment, an antigen binding domain against FLT3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., WO2011076922, US5777084, EP(0754230,
US20090297529, and several commercial catalog antibodies (R&D, ebiosciences, Abcam).

In one embodiment, an antigen binding domain against TAG72 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hombach et al., Gastroenterology
113(4):1163-1170 (1997); and Abcam ab691.

In one embodiment, an antigen binding domain against FAP is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Ostermann et al., Clinical Cancer Research
14:4584-4592 (2008) (FAPS), US Pat. Publication No. 2009/0304718; sibrotuzumab (see e.g.,
Hoftheinz et al., Oncology Research and Treatment 26(1), 2003); and Tran et al., J Exp Med
210(6):1125-1135 (2013).

In one embodiment, an antigen binding domain against CD38 is an antigen binding
portion, e.g., CDRs, of daratumumab (see, e.g., Groen et al., Blood 116(21):1261-1262 (2010);
MOR202 (see, e.g., US8,263,746); or antibodies described in US8,362,211.

In one embodiment, an antigen binding domain against CD44v6 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Casucci et al., Blood 122(20):3461-3472
(2013).

In one embodiment, an antigen binding domain against CEA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Chmielewski et al., Gastoenterology
143(4):1095-1107 (2012).

In one embodiment, an antigen binding domain against EPCAM is an antigen binding
portion, e.g., CDRS, of an antibody selected from MT110, EpCAM-CD3 bispecific Ab (see, e.g.,
clinicaltrials.gov/ct2/show/NCT00635596); Edrecolomab; 3622W94; ING-1; and adecatumumab
(MT201).

In one embodiment, an antigen binding domain against PRSS21 is an antigen binding

portion, e.g., CDRs, of an antibody described in US Patent No.: 8,080,650.
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In one embodiment, an antigen binding domain against B7H3 is an antigen binding

portion, e.g., CDRs, of an antibody MGA271 (Macrogenics).

In one embodiment, an antigen binding domain against KIT is an antigen binding portion,
e.g., CDRs, of an antibody described in, e.g., US7915391, US20120288506 , and several

commercial catalog antibodies.

In one embodiment, an antigen binding domain against IL-13Ra2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., WO2008/146911, W02004087758,
several commercial catalog antibodies, and WO2004087758.

In one embodiment, an antigen binding domain against CD30 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US7090843 B1, and EPO805871.

In one embodiment, an antigen binding domain against GD3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US7253263; US 8,207,308; US
20120276046; EP1013761; W0O2005035577; and US6437098.

In one embodiment, an antigen binding domain against CD171 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Hong et al., J Immunother 37(2):93-104
(2014).

In one embodiment, an antigen binding domain against IL-11Ra is an antigen binding
portion, e.g., CDRs, of an antibody available from Abcam (cat# ab55262) or Novus Biologicals
(cat# EPR5446). In another embodiment, an antigen binding domain again IL-11Ra is a peptide,
see, e.g., Huang et al., Cancer Res 72(1):271-281 (2012).

In one embodiment, an antigen binding domain against PSCA is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Morgenroth et al., Prostate 67(10):1121-
1131 (2007) (scFv 7F5); Nejatollahi et al., J of Oncology 2013(2013), article ID 839831 (scFv
C5-1I); and US Pat Publication No. 20090311181.

In one embodiment, an antigen binding domain against VEGFR2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Chinnasamy et al., J Clin Invest
120(11):3953-3968 (2010).

In one embodiment, an antigen binding domain against LewisY is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Kelly et al., Cancer Biother Radiopharm
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23(4):411-423 (2008) (hu3S193 Ab (scFvs)); Dolezal et al., Protein Engineering 16(1):47-56
(2003) (NC10 scFv).

In one embodiment, an antigen binding domain against CD24 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Maliar et al., Gastroenterology
143(5):1375-1384 (2012).

In one embodiment, an antigen binding domain against PDGFR-beta is an antigen

binding portion, e.g., CDRs, of an antibody Abcam ab32570.

In one embodiment, an antigen binding domain against SSEA-4 is an antigen binding
portion, e.g., CDRs, of antibody MC813 (Cell Signaling), or other commercially available

antibodies.

In one embodiment, an antigen binding domain against CD20 is an antigen binding
portion, e.g., CDRs, of the antibody Rituximab, Ofatumumab, Ocrelizumab, Veltuzumab, or

GAI101.

In one embodiment, an antigen binding domain against Folate receptor alpha is an
antigen binding portion, e.g., CDRs, of the antibody IMGN853, or an antibody described in
US20120009181; US4851332, LK26: US5952484.

In one embodiment, an antigen binding domain against ERBB2 (Her2/neu) is an antigen

binding portion, e.g., CDRs, of the antibody trastuzumab, or pertuzumab.

In one embodiment, an antigen binding domain against MUCI is an antigen binding

portion, e.g., CDRs, of the antibody SAR566658.

In one embodiment, the antigen binding domain against EGFR is antigen binding portion,

e.g., CDRs, of the antibody cetuximab, panitumumab, zalutumumab, nimotuzumab, or

matuzumab.

In one embodiment, an antigen binding domain against NCAM is an antigen binding

portion, e.g., CDRs, of the antibody clone 2-2B: MAB5324 (EMD Millipore).

In one embodiment, an antigen binding domain against Ephrin B2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Abengozar et al., Blood 119(19):4565-
4576 (2012).
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In one embodiment, an antigen binding domain against IGF-I receptor is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., US8344112 B2; EP2322550 Al;
WO 2006/138315, or PCT/US2006/022995.

In one embodiment, an antigen binding domain against CAIX is an antigen binding

portion, e.g., CDRs, of the antibody clone 303123 (R&D Systems).

In one embodiment, an antigen binding domain against LMP2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US7,410,640, or US20050129701.

In one embodiment, an antigen binding domain against gp100 is an antigen binding
portion, e.g., CDRs, of the antibody HMB45, NKlbetaB, or an antibody described in
W02013165940, or US20130295007

In one embodiment, an antigen binding domain against tyrosinase is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., US5843674; or US19950504048.

In one embodiment, an antigen binding domain against EphA?2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Yu et al., Mol Ther 22(1):102-111 (2014).

In one embodiment, an antigen binding domain against GD3 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US7253263; US 8,207,308; US
20120276046; EP1013761 A3; 20120276046; WO0O2005035577; or US6437098.

In one embodiment, an antigen binding domain against fucosyl GM1 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., US20100297138; or
WO02007/067992.

In one embodiment, an antigen binding domain against sLe is an antigen binding portion,
e.g., CDRs, of the antibody G193 (for lewis Y), see Scott AM et al, Cancer Res 60: 3254-61
(2000), also as described in Neeson et al, J Immunol May 2013 190 (Meeting Abstract
Supplement) 177.10.

In one embodiment, an antigen binding domain against GM3 is an antigen binding

portion, e.g., CDRs, of the antibody CA 2523449 (mAb 14F7).

In one embodiment, an antigen binding domain against HMWMAA is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., Kmiecik et al., Oncoimmunology
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3(1):e27185 (2014) (PMID: 24575382) (mAb9.2.27); US6528481; W0O2010033866; or US
20140004124.

In one embodiment, an antigen binding domain against o-acetyl-GD?2 is an antigen

binding portion, e.g., CDRs, of the antibody 8B6.

In one embodiment, an antigen binding domain against TEM1/CD248 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Marty et al., Cancer Lett
235(2):298-308 (2006); Zhao et al., ] Immunol Methods 363(2):221-232 (2011).

In one embodiment, an antigen binding domain against CLDNG6 is an antigen binding
portion, e.g., CDRs, of the antibody IMAB027 (Ganymed Pharmaceuticals), see e.g.,
clinicaltrial.gov/show/NCT02054351.

In one embodiment, an antigen binding domain against TSHR is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US8,603,466; US8,501,415; or
US8.,309,693.

In one embodiment, an antigen binding domain against GPRCS5D is an antigen binding
portion, e.g., CDRs, of the antibody FAB6300A (R&D Systems); or LS-A4180 (Lifespan

Biosciences).

In one embodiment, an antigen binding domain against CD97 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., US6,846,911;de Groot et al., J Immunol
183(6):4127-4134 (2009); or an antibody from R&D:MAB3734.

In one embodiment, an antigen binding domain against ALK is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Mino-Kenudson et al., Clin Cancer Res
16(5):1561-1571 (2010).

In one embodiment, an antigen binding domain against polysialic acid is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Nagae et al., J Biol Chem
288(47):33784-33796 (2013).

In one embodiment, an antigen binding domain against PLACI is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Ghods et al., Biotechnol Appl Biochem
2013 doi:10.1002/bab.1177.
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In one embodiment, an antigen binding domain against GloboH is an antigen binding
portion of the antibody VKB9; or an antibody described in, e.g., Kudryashov V et al, Glycoconj
J.15(3):243-9 ( 1998), Lou et al., Proc Natl Acad Sci USA 111(7):2482-2487 (2014) ; MBr1:
Bremer E-G et al. J Biol Chem 259:14773-14777 (1984).

In one embodiment, an antigen binding domain against NY-BR-1 is an antigen binding
portion, e.g., CDRs of an antibody described in, e.g., Jager et al., Appl Immunohistochem Mol
Morphol 15(1):77-83 (2007).

In one embodiment, an antigen binding domain against WT-1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Dao et al., Sci Transl Med 5(176):176ra33
(2013); or WO2012/135854.

In one embodiment, an antigen binding domain against MAGE-A1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Willemsen et al., J Immunol 174(12):7853-
7858 (2005) (TCR-like scFv).

In one embodiment, an antigen binding domain against sperm protein 17 is an antigen
binding portion, e.g., CDRs, of an antibody described in, e.g., Song et al., Target Oncol 2013
Aug 14 (PMID: 23943313); Song et al., Med Oncol 29(4):2923-2931 (2012).

In one embodiment, an antigen binding domain against Tie 2 is an antigen binding

portion, e.g., CDRs, of the antibody AB33 (Cell Signaling Technology).

In one embodiment, an antigen binding domain against MAD-CT-2 is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g., PMID: 2450952; US7635753.

In one embodiment, an antigen binding domain against Fos-related antigen 1 is an

antigen binding portion, e.g., CDRs, of the antibody 12F9 (Novus Biologicals).

In one embodiment, an antigen binding domain against MelanA/MART1 is an antigen

binding portion, e.g., CDRs, of an antibody described in, EP2514766 A2; or US 7,749,719.

In one embodiment, an antigen binding domain against sarcoma translocation breakpoints
is an antigen binding portion, e.g., CDRs, of an antibody described in, e.g., Luo et al, EMBO
Mol. Med. 4(6):453-461 (2012).
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In one embodiment, an antigen binding domain against TRP-2 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Wang et al, J Exp Med. 184(6):2207-16
(1996).

In one embodiment, an antigen binding domain against CYP1B1 is an antigen binding
portion, e.g., CDRs, of an antibody described in, e.g., Maecker et al, Blood 102 (9): 3287-3294
(2003).

In one embodiment, an antigen binding domain against RAGE-1 is an antigen binding

portion, e.g., CDRs, of the antibody MAB5328 (EMD Millipore).

In one embodiment, an antigen binding domain against human telomerase reverse
transcriptase is an antigen binding portion, e.g., CDRs, of the antibody cat no: LS-B95-100

(Lifespan Biosciences)

In one embodiment, an antigen binding domain against intestinal carboxyl esterase is an
antigen binding portion, e.g., CDRs, of the antibody 4F12: cat no: LS-B6190-50 (Lifespan

Biosciences).

In one embodiment, an antigen binding domain against mut hsp70-2 is an antigen binding
portion, e.g., CDRs, of the antibody Lifespan Biosciences: monoclonal: cat no: LS-C133261-100

(Lifespan Biosciences).

In one embodiment, an antigen binding domain against CD79a is an antigen binding
portion, e.g., CDRs, of the antibody Anti-CD79a antibody [HM47/A9] (ab3121), available from
Abcam; antibody CD79A Antibody #3351 available from Cell Signalling Technology; or
antibody HPA017748 - Anti-CD79A antibody produced in rabbit, available from Sigma Aldrich.

In one embodiment, an antigen binding domain against CD79b is an antigen binding
portion, e.g., CDRs, of the antibody polatuzumab vedotin, anti-CD79b described in Dornan et
al., “Therapeutic potential of an anti-CD79b antibody-drug conjugate, anti-CD79b-ve-MMAE,
for the treatment of non-Hodgkin lymphoma” Blood. 2009 Sep 24;114(13):2721-9. doi:
10.1182/blood-2009-02-205500. Epub 2009 Jul 24, or the bispecific antibody Anti-CD79b/CD3
described in “4507 Pre-Clinical Characterization of T Cell-Dependent Bispecific Antibody Anti-
CD79b/CD3 As a Potential Therapy for B Cell Malignancies” Abstracts of 56™ ASH Annual
Meeting and Exposition, San Francisco, CA December 6-9 2014.
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In one embodiment, an antigen binding domain against CD72 is an antigen binding
portion, e.g., CDRs, of the antibody J3-109 described in Myers, and Uckun, “An anti-CD72
immunotoxin against therapy-refractory B-lineage acute lymphoblastic leukemia.” Leuk
Lymphoma. 1995 Jun;18(1-2):119-22, or anti-CD72 (10D6.8.1, mIgG1) described in Polson et
al., “Antibody-Drug Conjugates for the Treatment of Non—-Hodgkin's Lymphoma: Target and
Linker-Drug Selection” Cancer Res March 15, 2009 69; 2358.

In one embodiment, an antigen binding domain against LAIR1 is an antigen binding
portion, e.g., CDRs, of the antibody ANT-301 LAIRI antibody, available from ProSpec; or anti-
human CD305 (LAIR1) Antibody, available from BioLegend.

In one embodiment, an antigen binding domain against FCAR is an antigen binding
portion, e.g., CDRs, of the antibody CD89/FCAR Antibody (Catalog#10414-HO8H), available

from Sino Biological Inc.

In one embodiment, an antigen binding domain against LILRA?2 is an antigen binding
portion, e.g., CDRs, of the antibody LILRA?2 monoclonal antibody (M17), clone 3C7, available
from Abnova, or Mouse Anti-LILRA2 antibody, Monoclonal (2D7), available from Lifespan

Biosciences..

In one embodiment, an antigen binding domain against CD300LF is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-CMRF35-like molecule 1 antibody,
Monoclonal[UP-D2], available from BioLegend, or Rat Anti-CMRF35-like molecule 1 antibody,
Monoclonal[234903], available from R&D Systems..

In one embodiment, an antigen binding domain against CLEC12A is an antigen binding
portion, e.g., CDRs, of the antibody Bispecific T cell Engager (BiTE) scFv-antibody and ADC
described in Noordhuis et al., “Targeting of CLEC12A In Acute Myeloid Leukemia by
Antibody-Drug-Conjugates and Bispecific CLL-1xCD3 BiTE Antibody” 5 3™ ASH Annual
Meeting and Exposition, December 10-13, 2011, and MCLA-117 (Merus).

In one embodiment, an antigen binding domain against BST2 (also called CD317) is an
antigen binding portion, e.g., CDRs, of the antibody Mouse Anti-CD317 antibody,
Monoclonal[3H4], available from Antibodies-Online or Mouse Anti-CD317 antibody,
Monoclonal[696739], available from R&D Systems.
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In one embodiment, an antigen binding domain against EMR2 (also called CD312) is an
antigen binding portion, e.g., CDRs, of the antibody Mouse Anti-CD312 antibody,
Monoclonal[LS-B8033] available from Lifespan Biosciences, or Mouse Anti-CD312 antibody,
Monoclonal[494025] available from R&D Systems.

In one embodiment, an antigen binding domain against LY75 is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-Lymphocyte antigen 75 antibody,
Monoclonal[HD30] available from EMD Millipore or Mouse Anti-Lymphocyte antigen 75
antibody, Monoclonal[A15797] available from Life Technologies.

In one embodiment, an antigen binding domain against GPC3 is an antigen binding
portion, e.g., CDRs, of the antibody hGC33 described in Nakano K, Ishiguro T, Konishi H, et al.
Generation of a humanized anti-glypican 3 antibody by CDR grafting and stability optimization.
Anticancer Drugs. 2010 Nov;21(10):907-916, or MDX-1414, HN3, or YP7, all three of which
are described in Feng et al., “Glypican-3 antibodies: a new therapeutic target for liver cancer.”

FEBS Lett. 2014 Jan 21;588(2):377-82.

In one embodiment, an antigen binding domain against FCRLS is an antigen binding
portion, e.g., CDRs, of the anti-FcRLS antibody described in Elkins et al., “FcRLS as a target of
antibody-drug conjugates for the treatment of multiple myeloma” Mol Cancer Ther. 2012

Oct;11(10):2222-32. .

In one embodiment, an antigen binding domain against IGLLI is an antigen binding
portion, e.g., CDRs, of the antibody Mouse Anti-Immunoglobulin lambda-like polypeptide 1
antibody, Monoclonal[AT1G4] available from Lifespan Biosciences, Mouse Anti-
Immunoglobulin lambda-like polypeptide 1 antibody, Monoclonal[HSL11] available from
BioLegend.

In one embodiment, the antigen binding domain comprises one, two three (e.g., all three)
heavy chain CDRs, HC CDR1, HC CDR2 and HC CDR3, from an antibody listed above, and/or
one, two, three (e.g., all three) light chain CDRs, LC CDR1, LC CDR2 and LC CDR3, from an
antibody listed above. In one embodiment, the antigen binding domain comprises a heavy chain

variable region and/or a variable light chain region of an antibody listed above.
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In another aspect, the antigen binding domain comprises a humanized antibody or an
antibody fragment. In some aspects, a non-human antibody is humanized, where specific
sequences or regions of the antibody are modified to increase similarity to an antibody naturally
produced in a human or fragment thereof. In one aspect, the antigen binding domain is

humanized.

The antigen binding domain may bind one or more antigens, such as but not limited to
CD19; CD123; CD22; CD30; CD171; CS-1 (also referred to as CD2 subset 1, CRACC,
SLAMEF7, CD319, and 19A24); C-type lectin-like molecule-1 (CLL-1 or CLECL1);
CD33; epidermal growth factor receptor variant III (EGFRvVIII); ganglioside G2 (GD2);
ganglioside GD3 (aNeuSAc(2-8)aNeu5Ac(2-33bDGalp(1-4)bDGlep(1-1)Cer); TNF receptor
family member B cell maturation (BCMA); Tn antigen ((Tn Ag) or (GalNAca-Ser/Thr));
prostate-specific membrane antigen (PSMA); Receptor tyrosine kinase-like orphan receptor 1
(ROR1); Fms-Like Tyrosine Kinase 3 (FLT3); Tumor-associated glycoprotein 72 (TAG72);
CD38; CD44v6; Carcinoembryonic antigen (CEA); Epithelial cell adhesion molecule (EPCAM);
B7H3 (CD276); KIT (CD117); Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2);
Mesothelin; Interleukin 11 receptor alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease
Serine 21 (Testisin or PRSS21); vascular endothelial growth factor receptor 2 (VEGFR2);
Lewis(Y) antigen; CD24; Platelet-derived growth factor receptor beta (PDGFR-beta); Stage-
specific embryonic antigen-4 (SSEA-4); CD20; Folate receptor alpha; Receptor tyrosine-protein
kinase ERBB2 (Her2/neu); Mucin 1, cell surface associated (MUC1); epidermal growth factor
receptor (EGFR); neural cell adhesion molecule (NCAM); Prostase; prostatic acid phosphatase
(PAP); elongation factor 2 mutated (ELF2M); Ephrin B2; fibroblast activation protein alpha
(FAP); insulin-like growth factor 1 receptor (IGF-I receptor), carbonic anhydrase IX (CAIX);
Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2); glycoprotein 100 (gp100);
oncogene fusion protein consisting of breakpoint cluster region (BCR) and Abelson murine
leukemia viral oncogene homolog 1 (Abl) (bcr-abl); tyrosinase; ephrin type-A receptor 2
(EphA2); Fucosyl GM1; sialyl Lewis adhesion molecule (sLe); ganglioside GM3 (aNeuSAc(2-
3bDGalp(1-4)bDGlcp(1-1)Cer); transglutaminase 5 (TGSS5); high molecular weight-melanoma-
associated antigen (HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2); Folate receptor beta;
tumor endothelial marker 1 (TEM1/CD248); tumor endothelial marker 7-related (TEM7R);
claudin 6 (CLDNG6); thyroid stimulating hormone receptor (TSHR); G protein-coupled receptor
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class C group 5, member D (GPRCS5D); chromosome X open reading frame 61 (CXORF61);
CD97; CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid; placenta-specific 1
(PLAC1); hexasaccharide portion of globoH glycoceramide (GloboH); mammary gland
differentiation antigen (N'Y-BR-1); uroplakin 2 (UPK2); Hepatitis A virus cellular receptor 1
(HAVCR1); adrenoceptor beta 3 (ADRB3); pannexin 3 (PANX3); G protein-coupled receptor 20
(GPR20); lymphocyte antigen 6 complex, locus K 9 (LY6K); Olfactory receptor S1E2
(OR51E2); TCR Gamma Alternate Reading Frame Protein (TARP); Wilms tumor protein
(WT1); Cancer/testis antigen 1 (NY-ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-
associated antigen 1 (MAGE-A1); ETS translocation-variant gene 6, located on chromosome 12p
(ETV6-AML); sperm protein 17 (SPA17); X Antigen Family, Member 1A (XAGE1);
angiopoietin-binding cell surface receptor 2 (Tie 2); melanoma cancer testis antigen-1 (MAD-
CT-1); melanoma cancer testis antigen-2 (MAD-CT-2); Fos-related antigen 1; tumor protein p53
(p53); p53 mutant; prostein; surviving; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1
or Galectin 8), melanoma antigen recognized by T cells 1 (MelanA or MART1); Rat sarcoma
(Ras) mutant; human Telomerase reverse transcriptase (W'TERT); sarcoma translocation
breakpoints; melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease, serine
2 (TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box
protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral
oncogene neuroblastoma derived homolog (MYCN); Ras Homolog Family Member C (RhoC);
Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYP1B1); CCCTC-Binding
Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of Imprinted Sites),
Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3); Paired box protein Pax-5
(PAXS); proacrosin binding protein sp32 (OY-TES1); lymphocyte-specific protein tyrosine
kinase (LCK); A kinase anchor protein 4 (AKAP-4); synovial sarcoma, X breakpoint 2 (SSX2);
Receptor for Advanced Glycation Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal
ubiquitous 2 (RU2); legumain; human papilloma virus E6 (HPV E6); human papilloma virus E7
(HPV E7); intestinal carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2); CD79a;
CD79b; CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1); Fc fragment of
IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor subfamily A member 2
(LILRA2); CD300 molecule-like family member { (CD300LF); C-type lectin domain family 12
member A (CLEC12A); bone marrow stromal cell antigen 2 (BST2); EGF-like module-
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containing mucin-like hormone receptor-like 2 (EMR2); lymphocyte antigen 75 (LY75);
Glypican-3 (GPC3); Fc receptor-like 5 (FCRLS); and immunoglobulin lambda-like polypeptide
1 (IGLL1).

In some instances, the antigen binding domain is derived from the same species in which
the CAR will ultimately be used. For example, for use in humans, it may be beneficial for the
antigen binding domain of the CAR to comprise a human antibody, humanized antibody as
described elsewhere herein, or a fragment thereof.

The antigen binding domain may be operably linked to another domain of the CAR, such as the
transmembrane domain or the intracellular domain, both described elsewhere herein, for
expression in the cell. In one embodiment, a nucleic acid encoding the antigen binding domain
is operably linked to a nucleic acid encoding a transmembrane domain and a nucleic acid

encoding an intracellular domain.

Bispecific CARs

In an embodiment a multispecific antibody molecule is a bispecific antibody molecule. A
bispecific antibody has specificity for no more than two antigens. A bispecific antibody molecule
is characterized by a first immunoglobulin variable domain sequence which has binding
specificity for a first epitope and a second immunoglobulin variable domain sequence that has
binding specificity for a second epitope. In an embodiment the first and second epitopes are on
the same antigen, e.g., the same protein (or subunit of a multimeric protein). In an embodiment
the first and second epitopes overlap. In an embodiment the first and second epitopes do not
overlap. In an embodiment the first and second epitopes are on different antigens, e.g., different
proteins (or different subunits of a multimeric protein). In an embodiment a bispecific antibody
molecule comprises a heavy chain variable domain sequence and a light chain variable domain
sequence which have binding specificity for a first epitope and a heavy chain variable domain
sequence and a light chain variable domain sequence which have binding specificity for a second
epitope. In an embodiment a bispecific antibody molecule comprises a half antibody having
binding specificity for a first epitope and a half antibody having binding specificity for a second
epitope. In an embodiment a bispecific antibody molecule comprises a half antibody, or
fragment thereof, having binding specificity for a first epitope and a half antibody, or fragment

thereof, having binding specificity for a second epitope. In an embodiment a bispecific antibody
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molecule comprises a scFv, or fragment thereof, have binding specificity for a first epitope and a

scFv, or fragment thereof, have binding specificity for a second epitope.

In certain embodiments, the antibody molecule is a multi-specific (e.g., a bispecific or a
trispecific) antibody molecule. Protocols for generating bispecific or heterodimeric antibody
molecules are known in the art; including but not limited to, for example, the “knob in a hole”
approach described in, e.g., US 5731168; the electrostatic steering Fc pairing as described in,
e.g., WO 09/089004, WO 06/106905 and WO 2010/129304; Strand Exchange Engineered
Domains (SEED) heterodimer formation as described in, e.g., WO 07/110205; Fab arm exchange
as described in, e.g., WO 08/119353, WO 2011/131746, and WO 2013/060867; double antibody
conjugate, e.g., by antibody cross-linking to generate a bi-specific structure using a
heterobifunctional reagent having an amine-reactive group and a sulfhydryl reactive group as
described in, e.g., US 4433059; bispecific antibody determinants generated by recombining half
antibodies (heavy-light chain pairs or Fabs) from different antibodies through cycle of reduction
and oxidation of disulfide bonds between the two heavy chains, as described in, e.g., US
4444878; trifunctional antibodies, e.g., three Fab' fragments cross-linked through sulfhdryl
reactive groups, as described in, e.g., US5273743; biosynthetic binding proteins, e.g., pair of
scFvs cross-linked through C-terminal tails preferably through disulfide or amine-reactive
chemical cross-linking, as described in, e.g., US5534254; bifunctional antibodies, e.g., Fab
fragments with different binding specificities dimerized through leucine zippers (e.g., c-fos and
c-jun) that have replaced the constant domain, as described in, e.g., US5582996; bispecific and
oligospecific mono-and oligovalent receptors, e.g., VH-CHI regions of two antibodies (two Fab
fragments) linked through a polypeptide spacer between the CH1 region of one antibody and the
VH region of the other antibody typically with associated light chains, as described in, e.g.,
US5591828; bispecific DNA-antibody conjugates, e.g., crosslinking of antibodies or Fab
fragments through a double stranded piece of DNA, as described in, e.g., US5635602; bispecific
fusion proteins, e.g., an expression construct containing two scFvs with a hydrophilic helical
peptide linker between them and a full constant region, as described in, e.g., US5637481;
multivalent and multispecific binding proteins, e.g., dimer of polypeptides having first domain
with binding region of Ig heavy chain variable region, and second domain with binding region of
Ig light chain variable region, generally termed diabodies (higher order structures are also

encompassed creating for bispecifc, trispecific, or tetraspecific molecules, as described in, e.g.,
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US5837242; minibody constructs with linked VL and VH chains further connected with peptide
spacers to an antibody hinge region and CH3 region, which can be dimerized to form
bispecific/multivalent molecules, as described in, e.g., US5837821; VH and VL domains linked
with a short peptide linker (e.g., 5 or 10 amino acids) or no linker at all in either orientation,
which can form dimers to form bispecific diabodies; trimers and tetramers, as described in, e.g.,
US5844094; String of VH domains (or VL domains in family members) connected by peptide
linkages with crosslinkable groups at the C-terminus further associated with VL. domains to form
a series of FVs (or scFvs), as described in, e.g., US5864019; and single chain binding
polypeptides with both a VH and a VL domain linked through a peptide linker are combined into
multivalent structures through non-covalent or chemical crosslinking to form, e.g.,
homobivalent, heterobivalent, trivalent, and tetravalent structures using both scFV or diabody
type format, as described in, e.g., US5869620. Additional exemplary multispecific and bispecific
molecules and methods of making the same are found, for example, in US5910573, US5932448,
US5959083, US5989830, US6005079, US6239259, US6294353, US6333396, US6476198,
US6511663, US6670453, US6743896, US6809185, US6833441, US7129330, US7183076,
US7521056, US7527787, US7534866, US7612181, US2002004587A1, US2002076406A1,
US2002103345A1, US2003207346A1, US2003211078A1, US2004219643A1,
US2004220388A1, US2004242847A1, US2005003403A1, US2005004352A1,
US2005069552A1, US2005079170A1, US2005100543A1, US2005136049A1,
US2005136051A1, US2005163782A1, US2005266425A1, US2006083747A1,
US2006120960A1, US2006204493A1, US2006263367A1, US2007004909A1,
US2007087381A1, US2007128150A1, US2007141049A1, US2007154901A1,
US2007274985A1, US2008050370A1, US2008069820A1, US2008152645A1,
US2008171855A1, US2008241884A1, US2008254512A1, US2008260738A1,
US2009130106A1, US2009148905A1, US2009155275A1, US2009162359A1,
US2009162360A1, US2009175851A1, US2009175867A1, US2009232811A1,
US2009234105A1, US2009263392A1, US2009274649A1, EP346087A2, WO0006605A2,
WO002072635A2, WO04081051A1, WO06020258A2, WO2007044887A2, WO2007095338A2,
WO2007137760A2, WO2008119353A1, W0O2009021754A2, WO2009068630A1,
WO09103493A1, WO9323537A1, WO9409131A1, WO9412625A2, WO9509917A1,
WO09637621A2, WO9964460A1. The contents of the above-referenced applications are

-89-



10

15

20

25

30

WO 2017/165683 PCT/US2017/023869

incorporated herein by reference in their entireties.

Within each antibody or antibody fragment (e.g., scFv) of a bispecific antibody molecule,
the VH can be upstream or downstream of the VL. In some embodiments, the upstream antibody
or antibody fragment (e.g., scFv) is arranged with its VH (VH,) upstream of its VL (VL) and the
downstream antibody or antibody fragment (e.g., scFv) is arranged with its VL (VL) upstream
of its VH (VH>), such that the overall bispecific antibody molecule has the arrangement VH;-
VL,;-VL,-VH,. In other embodiments, the upstream antibody or antibody fragment (e.g., scFv) is
arranged with its VL (VL) upstream of its VH (VH;) and the downstream antibody or antibody
fragment (e.g., scFv) is arranged with its VH (VH>) upstream of its VL (VL,), such that the
overall bispecific antibody molecule has the arrangement VL;-VH;-VH,-VL,. Optionally, a
linker is disposed between the two antibodies or antibody fragments (e.g., scFvs), e.g., between
VL, and VL, if the construct is arranged as VH;-VL;-VL,-VH,, or between VH; and VH, if the
construct is arranged as VL;-VH-VH;,-VL,. The linker may be a linker as described herein, e.g.,
a (Glys-Ser)n linker, wherein n is 1, 2, 3, 4, 5, or 6, preferably 4 (SEQ ID NO: 78). In general,
the linker between the two scFvs should be long enough to avoid mispairing between the
domains of the two scFvs. Optionally, a linker is disposed between the VL and VH of the first
scFv. Optionally, a linker is disposed between the VL and VH of the second scFv. In constructs
that have multiple linkers, any two or more of the linkers can be the same or different.
Accordingly, in some embodiments, a bispecific CAR comprises VLs, VHs, and optionally one

or more linkers in an arrangement as described herein.

Stability and Mutations

The stability of an antigen binding domain to a cancer associated antigen as described
herein, e.g., scFv molecules (e.g., soluble scFv), can be evaluated in reference to the biophysical
properties (e.g., thermal stability) of a conventional control scFv molecule or a full length
antibody. In one embodiment, the humanized scFv has a thermal stability that is greater than
about 0.1, about 0.25, about 0.5, about (.75, about 1, about 1.25, about 1.5, about 1.75, about 2,
about 2.5, about 3, about 3.5, about 4, about 4.5, about 5, about 5.5, about 6, about 6.5, about 7,
about 7.5, about 8, about 8.5, about 9, about 9.5, about 10 degrees, about 11 degrees, about 12
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degrees, about 13 degrees, about 14 degrees, or about 15 degrees Celsius than a control binding

molecule (e.g. a conventional scFv molecule) in the described assays.

The improved thermal stability of the antigen binding domain to a cancer associated
antigen described herein, e.g., scFv is subsequently conferred to the entire CAR construct,
leading to improved therapeutic properties of the CAR construct. The thermal stability of the
antigen binding domain of -a cancer associated antigen described herein, e.g., scFv, can be
improved by at least about 2°C or 3°C as compared to a conventional antibody. In one
embodiment, the antigen binding domain of-a cancer associated antigen described herein, e.g.,
scFv, has a 1°C improved thermal stability as compared to a conventional antibody. In another
embodiment, the antigen binding domain of a cancer associated antigen described herein, e.g.,
scFv, has a 2°C improved thermal stability as compared to a conventional antibody. In another
embodiment, the scFv hasa 4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15°C improved thermal stability as
compared to a conventional antibody. Comparisons can be made, for example, between the scFv
molecules disclosed herein and scFv molecules or Fab fragments of an antibody from which the
scFv VH and VL were derived. Thermal stability can be measured using methods known in the
art. For example, in one embodiment, Tm can be measured. Methods for measuring Tm and

other methods of determining protein stability are described in more detail below.

Mutations in scFv (arising through humanization or direct mutagenesis of the soluble
scFv) can alter the stability of the scFv and improve the overall stability of the scFv and the CAR
construct. Stability of the humanized scFv is compared against the murine scFv using

measurements such as Tm, temperature denaturation and temperature aggregation.

The binding capacity of the mutant scFvs can be determined using assays know in the art

and described herein.

In one embodiment, the antigen binding domain of a cancer associated antigen described
herein, e.g., scFv, comprises at least one mutation arising from the humanization process such
that the mutated scFv confers improved stability to the CAR construct. In another embodiment,
the antigen binding domain of -a cancer associated antigen described herein, e.g., scFv,
comprises at least 1, 2, 3, 4,5, 6,7, 8,9, 10 mutations arising from the humanization process

such that the mutated scFv confers improved stability to the CAR construct.
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Transmembrane Domain

With respect to the transmembrane domain, in various embodiments, a CAR can be
designed to comprise a transmembrane domain that is attached to the extracellular domain of the
CAR. A transmembrane domain can include one or more additional amino acids adjacent to the
transmembrane region, e.g., one or more amino acid associated with the extracellular region of
the protein from which the transmembrane was derived (e.g., 1,2,3,4,5,6,7,8,9, 10 up to 15
amino acids of the extracellular region) and/or one or more additional amino acids associated
with the intracellular region of the protein from which the transmembrane protein is derived
(e.g.,1,2,3,4,5,6,7,8,9, 10 up to 15 amino acids of the intracellular region). In one aspect,
the transmembrane domain is one that is associated with one of the other domains of the CAR
e.g., in one embodiment, the transmembrane domain may be from the same protein that the
signaling domain, costimulatory domain or the hinge domain is derived from. In another aspect,
the transmembrane domain is not derived from the same protein that any other domain of the
CAR is derived from. In some instances, the transmembrane domain can be selected or modified
by amino acid substitution to avoid binding of such domains to the transmembrane domains of
the same or different surface membrane proteins, e.g., to minimize interactions with other
members of the receptor complex. In one aspect, the transmembrane domain is capable of
homodimerization with another CAR on the cell surface of a CAR-expressing cell. In a different
aspect, the amino acid sequence of the transmembrane domain may be modified or substituted so
as to minimize interactions with the binding domains of the native binding partner present in the

same CAR-expressing cell.

The transmembrane domain may be derived either from a natural or from a recombinant
source. Where the source is natural, the domain may be derived from any membrane-bound or
transmembrane protein. In one aspect the transmembrane domain is capable of signaling to the
intracellular domain(s) whenever the CAR has bound to a target. A transmembrane domain of
particular use in this invention may include at least the transmembrane region(s) of e.g., the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD27, CD3 epsilon, CD45, CD4, CD5,
CD8, CD9Y, CD16, CD22, CD33, CD37, CD64, CD8O0, CD86, CD134, CD137, CD154. In some
embodiments, a transmembrane domain may include at least the transmembrane region(s) of,

e.g., KIRDS2, 0X40, CD2, CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB (CD137),
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GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), NKp44, NKp30,
NKp46, CD160, CD19, IL2R beta, IL2R gamma, IL7R o, ITGA1, VLAI, CD49a, ITGA4, IA4,
CD49D, ITGAG6, VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1,
ITGAM, CD11b, ITGAX, CDl11c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9
(CD229), CD160 (BYSS5), PSGLI1, CD100 (SEMA4D), SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162), LTBR, PAG/Cbp,
NKG2D, NKG2C.

In some instances, the transmembrane domain can be attached to the extracellular region
of the CAR, e.g., the antigen binding domain of the CAR, via a hinge, e.g., a hinge from a human
protein. For example, in one embodiment, the hinge can be a human Ig (immunoglobulin) hinge
(e.g., an IgG4 hinge, an IgD hinge), a GS linker (e.g., a GS linker described herein), a KIR2DS2
hinge or a CD8a hinge. In one embodiment, the hinge or spacer comprises (e.g., consists of) the
amino acid sequence of SEQ ID NO:403. In one aspect, the transmembrane domain comprises

(e.g., consists of) a transmembrane domain of SEQ ID NO: 12.

In one aspect, the hinge or spacer comprises an IgG4 hinge. For example, in one
embodiment, the hinge or spacer comprises a hinge of the amino acid sequence
ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWY
VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEKTIS
KAKGQPREPQVYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
VLDSDGSFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYTQKSLSLSLGKM (SEQ ID
NO:512). In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide
sequence of
GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGGA
CCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGACC
CCCGAGGTGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCAGTT
CAACTGGTACGTGGACGGCGTGGAGGTGCACAACGCCAAGACCAAGCCCCGGGAG
GAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGA
CTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGGCCTGCCCAGCA
GCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCTCGGGAGCCCCAGGTGTAC
ACCCTGCCCCCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCT
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GGTGAAGGGCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGC
CCGAGAACAACTACAAGACCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTC
CTGTACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGGGCAACGTCTTTAG
CTGCTCCGTGATGCACGAGGCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCC
TGTCCCTGGGCAAGATG (SEQ ID NO:513).

In one aspect, the hinge or spacer comprises an IgD hinge. For example, in one
embodiment, the hinge or spacer comprises a hinge of the amino acid sequence
RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERETK
TPECPSHTQPLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGV
EEGLLERHSNGSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQAPVK
LSLNLLASSDPPEAASWLLCEVSGFSPPNILLMWLEDQREVNTSGFAPARPPPQPGSTTF
WAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDH (SEQ ID NO:514).
In some embodiments, the hinge or spacer comprises a hinge encoded by a nucleotide sequence
of
AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAGCCCCA
GGCAGAAGGCAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACGCGCAATACTG
GCCGTGGCGGGGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGAAGAGA
GGGAGACCAAGACCCCTGAATGTCCATCCCATACCCAGCCGCTGGGCGTCTATCTCT
TGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAAGGCCACCTTTACATGTTTCG
TCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGCCGGAAAGGTAC
CCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGCCATTCCAATGGCTCTCAGAGC
CAGCACTCAAGACTCACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCACA
TGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAGAGAGCCA
GCCGCCCAGGCACCAGTTAAGCTTAGCCTGAATCTGCTCGCCAGTAGTGATCCCCCA
GAGGCCGCCAGCTGGCTCTTATGCGAAGTGTCCGGCTTTAGCCCGCCCAACATCTTG
CTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGCGGCTTCGCTCCAGCCCG
GCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTGGAGTGTCTTAAGGGTCCC
AGCACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGTCCCATGAAGATAG
CAGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACGTGACTGACCATT
(SEQ ID NO:515).
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In one aspect, the transmembrane domain may be recombinant, in which case it will
comprise predominantly hydrophobic residues such as leucine and valine. In one aspect a triplet
of phenylalanine, tryptophan and valine can be found at each end of a recombinant

transmembrane domain.

Optionally, a short oligo- or polypeptide linker, between 2 and 10 amino acids in length
may form the linkage between the transmembrane domain and the cytoplasmic region of the
CAR. A glycine-serine doublet provides a particularly suitable linker. For example, in one
aspect, the linker comprises the amino acid sequence of GGGGSGGGGS (SEQ ID NO:516). In
some embodiments, the linker is encoded by a nucleotide sequence of

GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO:517).

In one aspect, the hinge or spacer comprises a KIR2DS2 hinge.

Cytoplasmic Domain

The cytoplasmic domain or region of the CAR includes an intracellular signaling domain.
An intracellular signaling domain is generally responsible for activation of at least one of the
normal effector functions of the immune cell in which the CAR has been introduced. The term
“effector function” refers to a specialized function of a cell. Effector function of a T cell, for
example, may be cytolytic activity or helper activity including the secretion of cytokines. Thus
the term “intracellular signaling domain” refers to the portion of a protein which transduces the
effector function signal and directs the cell to perform a specialized function. While usually the
entire intracellular signaling domain can be employed, in many cases it is not necessary to use
the entire chain. To the extent that a truncated portion of the intracellular signaling domain is
used, such truncated portion may be used in place of the intact chain as long as it transduces the
effector function signal. The term intracellular signaling domain is thus meant to include any
truncated portion of the intracellular signaling domain sufficient to transduce the effector

function signal.

Examples of intracellular signaling domains for use in the CAR of the invention include
the cytoplasmic sequences of the T cell receptor (TCR) and co-receptors that act in concert to
initiate signal transduction following antigen receptor engagement, as well as any derivative or

variant of these sequences and any recombinant sequence that has the same functional capability.
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It is known that signals generated through the TCR alone are insufficient for full
activation of the T cell and that a secondary and/or costimulatory signal is also required. Thus, T
cell activation can be said to be mediated by two distinct classes of cytoplasmic signaling
sequences: those that initiate antigen-dependent primary activation through the TCR (primary
intracellular signaling domains) and those that act in an antigen-independent manner to provide a

secondary or costimulatory signal (secondary cytoplasmic domain, e.g., a costimulatory domain).

A primary signaling domain regulates primary activation of the TCR complex either in a
stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act in a
stimulatory manner may contain signaling motifs which are known as immunoreceptor tyrosine-

based activation motifs or ITAMs.

Examples of ITAM containing primary intracellular signaling domains that are of
particular use in the invention include those of CD3 zeta, common FcR gamma (FCER1G), Fc
gamma Rlla, FcR beta (Fc Epsilon R1b), CD3 gamma, CD3 delta, CD3 epsilon, CD79a, CD79b,
DAP10, and DAP12, In one embodiment, a CAR of the invention comprises an intracellular

signaling domain, e.g., a primary signaling domain of CD3-zeta.

In one embodiment, a primary signaling domain comprises a modified ITAM domain,
e.g., a mutated ITAM domain which has altered (e.g., increased or decreased) activity as
compared to the native ITAM domain. In one embodiment, a primary signaling domain
comprises a modified ITAM-containing primary intracellular signaling domain, e.g., an
optimized and/or truncated ITAM-containing primary intracellular signaling domain. In an

embodiment, a primary signaling domain comprises one, two, three, four or more ITAM motifs.

The intracellular signalling domain of the CAR can comprise the CD3-zeta signaling
domain by itself or it can be combined with any other desired intracellular signaling domain(s)
useful in the context of a CAR of the invention. For example, the intracellular signaling domain
of the CAR can comprise a CD3 zeta chain portion and a costimulatory signaling domain. The
costimulatory signaling domain refers to a portion of the CAR comprising the intracellular
domain of a costimulatory molecule. A costimulatory molecule is a cell surface molecule other
than an antigen receptor or its ligands that is required for an efficient response of lymphocytes to
an antigen. Examples of such molecules include CD27, CD28, 4-1BB (CD137), 0X40, CD30,
CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,
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NKG2C, B7-H3, and a ligand that specifically binds with CD83, and the like. For example,
CD27 costimulation has been demonstrated to enhance expansion, effector function, and survival
of human CART cells in vitro and augments human T cell persistence and antitumor activity in
vivo (Song et al. Blood. 2012; 119(3):696-706). Further examples of such costimulatory
molecules include CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80
(KLRF1), NKp44, NKp30, NKp46, CD160, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R
gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, 1A4, CD49D, ITGA6, VLA-6, CD4Yf,
ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CDl1l1ec,
ITGBI1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, TRANCE/RANKL, DNAM1 (CD226),
SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), NKG2D, CEACAMI1, CRTAM, Ly9 (CD229),
CD160 (BYSS), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM
(SLAMF1, CD150, IPO-3), BLAME (SLAMEFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-
76, PAG/Cbp, and CD19a.

The intracellular signaling sequences within the cytoplasmic portion of the CAR of the
invention may be linked to each other in a random or specified order. Optionally, a short oligo-
or polypeptide linker, for example, between 2 and 10 amino acids (e.g., 2, 3,4, 5,6, 7, 8,9, or 10
amino acids) in length may form the linkage between intracellular signaling sequence. In one
embodiment, a glycine-serine doublet can be used as a suitable linker. In one embodiment, a

single amino acid, e.g., an alanine, a glycine, can be used as a suitable linker.

In one aspect, the intracellular signaling domain is designed to comprise two or more,
e.g., 2, 3,4, 5, or more, costimulatory signaling domains. In an embodiment, the two or more,
e.g., 2, 3,4, 5, or more, costimulatory signaling domains, are separated by a linker molecule,
e.g., a linker molecule described herein. In one embodiment, the intracellular signaling domain
comprises two costimulatory signaling domains. In some embodiments, the linker molecule is a

glycine residue. In some embodiments, the linker is an alanine residue.

In one aspect, the intracellular signaling domain is designed to comprise the signaling
domain of CD3-zeta and the signaling domain of CD28. In one aspect, the intracellular signaling
domain is designed to comprise the signaling domain of CD3-zeta, the signalling domain of
CD28, and the signaling domain of 4-1BB. In one aspect, the signaling domain of 4-1BB is a
signaling domain of SEQ ID NO: 14. In one aspect, the signaling domain of CD3-zeta is a
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signaling domain of SEQ ID NO: 18. In one aspect, the signaling domain of CD28 is selected
from SEQ ID NO: 505.

In one aspect, the intracellular signaling domain is designed to comprise the signaling
domain of CD3-zeta, the signaling domain of CD28, and the signaling domain of CD27. In one
aspect, the signaling domain of CD27 comprises an amino acid sequence of
QRRKYRSNKGESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPEPACSP (SEQ ID NO:16). In
one aspect, the signalling domain of CD27 is encoded by a nucleic acid sequence of
AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCG
CCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGC
CTATCGCTCC (SEQ ID NO:17).

Between the antigen binding domain and the transmembrane domain of the CAR, or
between the intracellular domain and the transmembrane domain of the CAR, a spacer domain
may be incorporated. As used herein, the term “spacer domain” generally means any oligo- or
polypeptide that functions to link the transmembrane domain to, either the antigen binding
domain or, the intracellular domain in the polypeptide chain. In one embodiment, the spacer
domain may comprise up to 300 amino acids, for example, 10 to 100 amino acids, or 25 to 50
amino acids. In another embodiment, a short oligo- or polypeptide linker, from 2 and 10 amino
acids in length may form the linkage between the transmembrane domain and the intracellular

domain of the CAR. An example of a linker includes a glycine-serine doublet.

Exemplary CAR Molecules

The CAR molecules disclosed herein can comprise a binding domain that binds to a
target, e.g., a target as described herein; a transmembrane domain, e.g., a transmembrane domain
as described herein; and an intracellular signaling domain, e.g., an intracellular domain as
described herein. In embodiments, the binding domain comprises a heavy chain complementary
determining region 1 (HC CDR1), a heavy chain complementary determining region 2 (HC
CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of a heavy chain
binding domain described herein, and/or a light chain complementary determining region 1 (LC
CDR1), a light chain complementary determining region 2 (LC CDR2), and a light chain
complementary determining region 3 (LC CDR3) of a light chain binding domain described

herein.
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In other embodiments, the CAR molecule comprises a CD19 CAR molecule described
herein, e.g., a CD19 CAR molecule described in US-2015-0283178-A1, e.g., CTL019. In
embodiments, the CD19 CAR comprises an amino acid, or has a nucleotide sequence shown in
US-2015-0283178-A1, incorporated herein by reference, or a sequence substantially identical
thereto (e.g., at least 85%, 90%, 95% or more identical thereto).

In one embodiment, the CAR T cell that specifically binds to CD19 has the USAN
designation TISAGENLECLEUCEL-T. CTLO19 is made by a gene modification of T cells is
mediated by stable insertion via transduction with a self-inactivating, replication deficient
Lentiviral (LV) vector containing the CTLO19 transgene under the control of the EF-1 alpha
promoter. CTLO19 can be a mixture of transgene positive and negative T cells that are delivered
to the subject on the basis of percent transgene positive T cells.

In other embodiments, the CD19 CAR includes a CAR molecule, or an antigen binding
domain (e.g., a humanized antigen binding domain) according to Table 3 of W02014/153270,
incorporated herein by reference. The amino acid and nucleotide sequences encoding the CD19
CAR molecules and antigen binding domains (e.g., including one, two, three VH CDRs; and one,
two, three VL CDRs according to Kabat or Chothia), are specified in W0O2014/153270. In
embodiments, the CD19 CAR comprises an amino acid, or has a nucleotide sequence shown in
WO02014/153270 incorporated herein by reference, or a sequence substantially identical to any of
the aforesaid sequences (e.g., at least 85%, 90%, 95% or more identical to any of the aforesaid
CD19 CAR sequences).

In one embodiment, the parental murine scFv sequence is the CAR19 construct provided
in PCT publication W0O2012/079000 (incorporated herein by reference) and provided herein in
Table 2.

In one embodiment, the anti-CD19 binding domain is a scFv described in
W02012/079000 and provided herein in Table 2.

In one embodiment, the CD19 CAR comprises an amino acid sequence provided as SEQ
ID NO: 12 in PCT publication W0O2012/079000. In embodiment, the amino acid sequence is:
MALPVTALLLPLALLLHAARPdigmtqttsslsaslgdrvtiscrasqdiskylnwyqqkpdgtvklliyhtsrlhsgvps
rfsgsgsgtdysltisnleqediatyfcqqgntlpytfgggtkleitggggsggggsggggsevklgesgpglvapsqslsvictvsgvslp
dygvswirgpprkglewlgviwgsettyynsalksrltitkdnsksqvilkmnslqtddtaiyycakhyyyggsyamdywgqgtsvt
vsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqtt
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geedgescripeeeeggcelrvkisrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpgeglynelqgkdk
macayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr (SEQ ID NO: 891), or a sequence
substantially identical thereto (e.g., at least 85%, 90% or 95% or higher identical thereto), with or
without the signal peptide sequence indicated in capital letters.

In embodiment, the amino acid sequence is:
digmtqttsslsaslgdrvtiscrasqdiskylnwyqqgkpdgtvklliyhtsrlhsgvpsrfsgsgsgtdysltisnlegediatyfcqqgntl
pytigggtkleitggggsggggsggggsevklqesgpglvapsqgslsvtctvsgvslpdygvswirgpprkglewlgviwgsettyyn
salksrltiitkdnsksqvflkmnslqtddtaiyycakhyyyggsyamdywgqgtsvtvsstttpaprpptpaptiasqplslrpeacrpa
aggavhtrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrpeeeeggcelrvkfsrsadap
aykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpgeglynelgkdkmaeayseigmkgerrrgk ghdglyqglstat
kdtydalhmgqalppr (SEQ ID NO: 892), or a sequence substantially homologous thereto (e.g., at
least 85%, 90% or 95% or higher identical thereto).

In embodiments, the CAR molecule is a CD19 CAR molecule described herein, e.g., a
humanized CAR molecule described herein, e.g., a humanized CD19 CAR molecule of Table 2.
In embodiments, the CAR molecule is a CD19 CAR molecule described herein, e.g., a murine
CAR molecule described herein, e.g., a murine CD19 CAR molecule of Table 2.

In one embodiment, the antigen binding domain comprises one, two three (e.g., all three)
heavy chain CDRs, HC CDR1, HC CDR2 and HC CDR3, from an antibody listed herein, and/or
one, two, three (e.g., all three) light chain CDRs, LC CDR1, LC CDR2 and LC CDR3, from an
antibody listed herein. In one embodiment, the antigen binding domain comprises a heavy chain
variable region and/or a variable light chain region of an antibody listed or described herein.

Exemplary CD19 CARs include any of the CD19 CARs or anti-CD19 binding domains
described herein, e.g., in one or more tables (e.g., Table 2) described herein (e.g., , or an anti-
CD19 CAR described in Xu et al. Blood 123.24(2014):3750-9; Kochenderfer et al. Blood
122.25(2013):4129-39, Cruz et al. Blood 122.17(2013):2965-73, NCT00586391, NCT01087294,
NCT02456350, NCT00840853, NCT02659943, NCT02650999, NCT02640209, NCT01747486,
NCT02546739, NCT02656147, NCT02772198, NCT00709033, NCT02081937, NCT00924326,
NCT02735083, NCT02794246, NCT02746952, NCT01593696, NCT02134262, NCT01853631,
NCT02443831, NCT02277522, NCT02348216, NCT02614066, NCT02030834, NCT02624258,
NCT02625480, NCT02030847, NCT02644655, NCT02349698, NCT02813837, NCT02050347,
NCT01683279, NCT02529813, NCT02537977, NCT02799550, NCT02672501, NCT02819583,

-100-



10

15

20

25

30

WO 2017/165683 PCT/US2017/023869

NCT02028455, NCT01840566, NCT01318317, NCT01864889, NCT02706405, NCT01475058,
NCT01430390, NCT02146924, NCT02051257, NCT02431988, NCT01815749, NCT02153580,
NCT01865617, NCT02208362, NCT02685670, NCT02535364, NCT02631044, NCT02728882,
NCT02735291, NCT01860937, NCT02822326, NCT02737085, NCT02465983, NCT02132624,
NCT02782351, NCT01493453, NCT02652910, NCT02247609, NCT01029366, NCT01626495,
NCT02721407, NCT01044069, NCT00422383, NCT01680991, NCT02794961, or
NCT02456207, each of which is incorporated herein by reference in its entirety.

Exemplary CD19 CAR and antigen binding domain constructs that can be used in the methods
described herein are shown in Table 2. The light and heavy chain CDR sequences according to
Kabat are shown by the bold and underlined text, and are also summarized in Table 2. The
location of the signal sequence and histidine tag are also underlined. In embodiments, the CD19
CAR sequences and antigen binding fragments thereof do not include the signal sequence and/or
histidine tag sequences.

In embodiments, the CD19 CAR comprises an anti- CD19 binding domain (e.g., murine
or humanized anti- CD19 binding domain), a transmembrane domain, and an intracellular
signaling domain, and wherein said anti- CD19 binding domain comprises a heavy chain
complementary determining region 1 (HC CDR1), a heavy chain complementary determining
region 2 (HC CDR2), and a heavy chain complementary determining region 3 (HC CDR3) of
any anti- CD19 heavy chain binding domain amino acid sequences listed in Table 2, or a
sequence at least 85%, 90%, 95% or more identical thereto (e.g., having less than 5,4, 3,2 or 1
amino acid substitutions, e.g., conservative substitutions).

In one embodiment, the anti- CD19 binding domain comprises a light chain variable
region described herein (e.g., in Table 2) and/or a heavy chain variable region described herein
(e.g., in Table 2), or a sequence at least 85%, 90%, 95% or more identical thereto.

In one embodiment, the encoded anti- CD19 binding domain is a scFv comprising a light chain
and a heavy chain of an amino acid sequence of Table 2, or a sequence at least 85%, 90%, 95%
or more identical thereto.

In an embodiment, the human or humanized anti- CD19 binding domain (e.g., an scFv)
comprises: a light chain variable region comprising an amino acid sequence having at least one,
two or three modifications (e.g., substitutions, e.g., conservative substitutions) but not more than

30, 20 or 10 modifications (e.g., substitutions, e.g., conservative substitutions) of an amino acid
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sequence of a light chain variable region provided in Table 2, or a sequence at least 85%, 90%,
95% or more identical thereto; and/or a heavy chain variable region comprising an amino acid
sequence having at least one, two or three modifications (e.g., substitutions, €.g., conservative
substitutions) but not more than 30, 20 or 10 modifications (e.g., substitutions, e.g., conservative
substitutions) of an amino acid sequence of a heavy chain variable region provided in Table 2, or

a sequence at least 85%, 90%, 95% or more identical thereto.

Table 2: CD19 CAR Constructs

Name SEQ Sequence

ID NO:
CAR1
CAR1 893 EIVMTQSPATLSLSPGERATLSCRASQDISKYLNWYQQKPGQ
scFv APRLLIYHTSRLHSGIPARFSGSGSGTDYTLTISSLQPEDFAVY
domain FCQQGNTLPYTFGQGTKLEIKGGGGSGGGGSGGGGSQVQLQ

ESGPGLVKPSETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWI
GVIWGSETTYYSSSLKSRVTISKDNSKNQVSLKLSSVTAADT
AVYYCAKHYYYGGSYAMDYWGQGTLVTVSS

103101 894 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga
CAR1 aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg
Soluble cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte
scFv - nt gecttetgatctaccacaccageceggctecattetggaatecctgecaggttcageggtagegga

tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg
gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt
gggectetgagactacttactactettcatccctcaagtcacgegtcaccatctcaaaggacaact
ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac

cgtgtccagecaccaccatcatcaccatcaccat

103101 895 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk
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CAR1 ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy

Soluble tfgqgtkleikggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdygvswi

scFv - aa rgppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyycakhyy
yggsyamdywgqgtlvtvsshhhhhhhh

104875 896 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga

CAR1- aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg

Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte

gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg
gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt
gggectetgagactacttactactettcatccctcaagtcacgegtcaccatctcaaaggacaact
ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac
cgtgtccageaccactaccccageaccgaggecacccaccccggctectaccatcgectecca
gectetgteectgegtecggaggeatgtagacccgeagetggtggggccgtgeataccegggg
tcttgacttcgectgegatatctacatttgggcccctetggetggtacttgegggatectgetgcttt
cactcgtgatcactctttactgtaagcgecggtcggaagaagetgctgtacatctttaagcaaccctt
catgaggcctgtgcagactactcaagaggaggacggctgttcatgececggttcccagaggagga
ggaaggcggctgcgaactgegegtgaaattcagecgecagegcagatgeteccagectacaage
aggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctgg
acaagcggagaggacgggacccagaaatgggegggaagecgegeagaaagaatceccaag
agggcctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatga
aaggggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagecaccgeca

ccaaggacacctatgacgctcttcacatgecaggecectgecgecetegg

104875 897 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdiskyl
CAR1- nwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfavyfcqggntlpyt
Full - aa fgqgtkleikggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdygvswir

gppgkglewigyviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyycakhyy
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yggsyamdywgqgtlvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfa
cdiyiwaplagtcgvlllslvitlyckrgrkkllyifkgpfmrpvqttqeedgescripeeeegg
celrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpgegly
nelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR2

CAR2 898 eivmtgspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgs

scFv gsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleikggggsggggsggggsqvqglges

domain gpglvkpsetlsltctvsgvslpdygvswirqppgkglewigviwgsettyyqgsslksrvtisk
dnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvss

103102 899 atggccctecctgtcaccgeectgetgeticegetggcetettctgetccacgecgetcggeecga

CAR?2 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg

Soluble cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte

scFv - nt gecttetgatctaccacaccageceggctecattetggaatecctgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg
gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt
gggectetgagactacttactaccaatcatcectcaagtcacgegtcaccatctcaaaggacaact
ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac
cgtgtccagecaccaccatcatcaccatcaccat

103102 900 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk

CAR?2 - ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy

Soluble tfgqgtkleikggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdygvswi

scFv - aa rqppgkglewigviwgsettyyqgsslksrvtiskdnsknqvslklssvtaadtavyycakhyy
yggsyamdywgqgtlvtvsshhhhhhhh

104876 901 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga

CAR2 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg

Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte
gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
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tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg
gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt
gggectetgagactacttactaccaatcatcectcaagtcacgegtcaccatctcaaaggacaact
ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac
cgtgtccageaccactaccccageaccgaggecacccaccccggctectaccatcgectecca
gectetgteectgegtecggaggeatgtagacccgeagetggtggggccgtgeataccegggg
tcttgacttcgectgegatatctacatttgggcccctetggetggtacttgegggatectgetgcttt
cactcgtgatcactctttactgtaagcgecggtcggaagaagetgctgtacatctttaagcaaccctt
catgaggcctgtgcagactactcaagaggaggacggctgttcatgececggttcccagaggagga
ggaaggcggctgcgaactgegegtgaaattcagecgecagegcagatgeteccagectacaage
aggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctgg
acaagcggagaggacgggacccagaaatgggegggaagecgegeagaaagaatceccaag
agggcctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatga
aaggggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagecaccgeca

ccaaggacacctatgacgctcttcacatgecaggecectgecgecetegg

104876 902 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdiskyl
CAR2 - nwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfavyfcqggntlpyt
Full - aa fgqgtkleikggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdygvswir

gppgkglewigyviwgsettyygsslksrvtiskdnsknqvslklssvtaadtavyycakhyy

yggsyamdywgqgtlvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfa
cdiyiwaplagtcgvlllslvitlyckrgrkkllyifkgpfmrpvqttqeedgescripeeeegg
celrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpgegly
nelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR3

CAR3 903 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyysssl
scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggseivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsr
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lhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik

103104 904 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR3 - agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Soluble cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg
scFv - nt actggagtggatcggagtgatttgggetagcgaaaccacttactattcatcttcectgaagtcacg

ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg
ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact
gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggaggtgoctccgaaatcgtgatgacccagagecectgecaacccetgteecttictecegggg
aacgggctaccctttcttgtcgggcatcacaagatatctcaaaatacctcaattggtatcaacagaa
geegggacaggeccctaggcettcttatctaccacacctetegectgcatagegggattccegeac
getttagegggtetggaagegggaccgactacactcetgaccatctcateteteccageccgagga

cttcgeegtetacttetgecagecagggtaacaccetgeegtacaccticggecagggeaccaag

cttgagatcaaacatcaccaccatcatcaccatcac

103104 905 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp
CAR3 - dygvswirgppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavy
Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlslspger
scFv - aa atlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfa
vyfcqqgntlpytfgqgtkleikhhhhhhhh
104877 906 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR3- agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Full - nt cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg

actggagtggatcggagtgatttgggetagcgaaaccacttactattcatcttcectgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg
ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact
gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggaggtgoctccgaaatcgtgatgacccagagecectgecaacccetgteecttictecegggg
aacgggctaccctttcttgtcgggcatcacaagatatctcaaaatacctcaattggtatcaacagaa
geegggacaggeccctaggcettcttatctaccacacctetegectgcatagegggattccegeac
getttagegggtetggaagegggaccgactacactcetgaccatctcateteteccageccgagga

cttcgeegtetacttetgecagecagggtaacaccetgeegtacaccticggecagggeaccaag
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cttgagatcaaaaccactactcccgeteccaaggecacceaccectgecccgaccatcgectcte
agccgctttcecctgegteccggaggcatgtagaccegeagetggtgggeccgtgcatacceggg
gtcttgacttcgectgegatatctacatttgggeccectctggetggtacttgecggggtectgetgctt
tcactcgtgatcactctttactgtaagegeggtcggaagaagetgetgtacatctttaagcaacccet
tcatgaggcctgtgcagactactcaagaggaggacggcetgttcatgecggttcccagaggagg
aggaaggcggctgcgaactgegegtgaaattcagecgecagegeagatgetccagectacaag
caggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctg
gacaagcggagaggacgggacccagaaatgggegggaagecgegeagaaagaatecccaa
gagggcctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatg
aaaggggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagecaccgcec

accaaggacacctatgacgctcttcacatgcaggecctgeegectcgg

104877 907 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslpdy
CAR3 - gvswirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyyc
Full - aa akhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlslspgerat

Iscrasgdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfa

vyfcqqgntlpytfgqgtkleiktttpaprpptpaptiasqplslrpeacrpaaggavhtrgldf
acdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescripeeeeg
geelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpqegl
ynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR4

CAR4 908 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyyqssl
scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggseivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsr

lhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik

103106 909 atggctctgececgtgaccgceactectectgecactggetetgetgeticacgecgetegeccaca
CAR4 - agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Soluble cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg
scFv - nt actggagtggatcggagtgatttgggetagcgaaaccacttactatcaatcttcectgaagtcacg

ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg

ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact
gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
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ggtggaggtgoctccgaaatcgtgatgacccagagecectgecaacccetgteecttictecegggg
aacgggctaccctttcttgtcgggcatcacaagatatctcaaaatacctcaattggtatcaacagaa
geegggacaggeccctaggcettcttatctaccacacctetegectgcatagegggattccegeac
getttagegggtetggaagegggaccgactacactcetgaccatctcateteteccageccgagga
cttcgeegtetacttetgecagecagggtaacaccetgeegtacaccticggecagggeaccaag

cttgagatcaaacatcaccaccatcatcaccatcac

103106 910 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp
CAR4 - dygvswirgppgkglewigviwgsettyyqgsslksrvtiskdnsknqvslklssvtaadtavy
Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlslspger
scFv -aa atlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfa
vyfcqqgntlpytfgqgtkleikhhhhhhhh
104878 911 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR 4 - agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Full - nt cgtgagcggagtgtcectcccagactacggagtgagetggattagacagecteccggaaaggg

actggagtggatcggagtgatttgggetagcgaaaccacttactatcaatcttcectgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg
ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact
gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggaggtgoctccgaaatcgtgatgacccagagecectgecaacccetgteecttictecegggg
aacgggctaccctttcttgtcgggcatcacaagatatctcaaaatacctcaattggtatcaacagaa
geegggacaggeccctaggcettcttatctaccacacctetegectgcatagegggattccegeac
getttagegggtetggaagegggaccgactacactcetgaccatctcateteteccageccgagga

cttcgeegtetacttetgecagecagggtaacaccetgeegtacaccticggecagggeaccaag

cttgagatcaaaaccactactcccgeteccaaggecacceaccectgecccgaccatcgectcte

agccgctttcecctgegteccggaggcatgtagaccegeagetggtgggeccgtgcatacceggg
gtcttgacttcgectgegatatctacatttgggeccectctggetggtacttgecggggtectgetgctt
tcactcgtgatcactctttactgtaagegeggtcggaagaagetgetgtacatctttaagcaacccet
tcatgaggcctgtgcagactactcaagaggaggacggcetgttcatgecggttcccagaggagg

aggaaggcggctgcgaactgegegtgaaattcagecgecagegeagatgetccagectacaag

caggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctg
gacaagcggagaggacgggacccagaaatgggegggaagecgegeagaaagaatecccaa
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gagggcctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatg
aaaggggaacgcagaagaggcaaaggecacgacggactgtaccagggactcageaccgec

accaaggacacctatgacgctcttcacatgcaggecctgeegectcgg

104878 912 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslpdy
CAR 4 - gvswirqppgkglewigviwgsettyygsslksrvtiskdnsknqvslklssvtaadtavyy

Full - aa cakhyyvggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlslspger

atlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedf
avyfcqqgntlpytfgqgtkleiktttpaprpptpaptiasqplslrpeacrpaaggavhtrgld
facdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescripeeee

ggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrknpqe

glynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmgalppr

CARS

CARS 913 eivmtgspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgs
scFv gsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleikggggsggggsggggsggggsq
domain vglgesgpglvkpsetlsltctvsgvslpdygvswirqppgkglewigviwgsettyyssslk
srvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvss

99789 914 atggcccteccagtgaccegetetgetgetgectetcgeacttcttetccatgecgeteggectgag
CARS - atcgtcatgacccaaagccccgcetaccctgteectgtcacccggegagagggcaaccctttcat
Soluble gcagggccagccaggacatttctaagtacctcaactggtatcagcagaagccagggeaggctc
scFv - nt ctegecetgetgatctaccacaccagecegectecacageggtatcceccgecagattttccgggag
cgggtetggaaccgactacaccctcaccatctctictetgecageccgaggatttcgecgtetattte
tgccagcaggggaatactetgecgtacaccttcggtcaaggtaccaagetggaaatcaaggga
ggeggaggalcaggegglggeggaageggaggagglggelecggaggaggagglicecaa
gtgcagcttcaagaatcaggacccggacttgtgaagecatcagaaaccctctcectgacttgtac
cgtgtccggtgtgagectceccgactacggagtctctiggaticgecagecteccggggaagget
cttgaatggattggggteatttgggeatcagagactacttactactcttcatcacttaagtcacgggt
caccatcagcaaagataatagcaagaaccaagtgtcacttaagetgtcatctgtgaccgecgetg
acaccgcecgtgtactattgtgccaaacattactattacggagggtcttatgctatggactactgggge

acaggggaccctggtgactgtctctagecatcaccatcaccaccatcatcac

99789 915 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk

CARS - ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy
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Soluble

scFv -aa

tfgqgtkleikggggsggggsggegsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy
gvswirgppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyyc

akhyyyggsyamdywgqgtlvtvsshhhhhhhh

104879
CARS5 -
Full - nt

916

atggccectcectgtecaccgecectgetgceticcgetggctettetgetccacgecgetcggeecga

aattgtgatgacccagtcacccgecactcettagectttcacceggtgagegegeaacccetgtettg
cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggctecte
gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
glggeageggaggagglgggleeggegglggaggaageggeggaggegggageeaggle

caactccaagaaagcggaccgggtcttgtgaagecatcagaaactetttcactgacttgtactgtg
agcggagtgtctctceccgattacggggtgtettggatcagacagecaccggggaagggtetgg
aatggattggagtgatttggeoctctgagactacttactactcttcatccctcaagtcacgegteac

catctcaaaggacaactctaagaatcaggtgtcactgaaactgtcatctgtgaccgcagecgaca
ccgeegtgtactattgegetaagceattactattatggegggagetacgcaatggattactggggac
agggtactctggtcaccgtgtccagecaccactaccccageaccgaggeeacccaccceggcete
ctaccatcgcecteccagectetgtecetgegtecggaggcatgtagaccegeagetggtggggac
cgtgcatacccggggtcttgacttcgectgegatatctacatttgggecectetggetggtacttge
gggetectgetgcetttcactecgtgatcactctitactgtaagegeggtcggaagaagetgetgtac

atctttaagcaacccttcatgaggectgtgcagactactcaagaggaggacggcetgttcatgecg

gttcccagaggaggaggaaggcggctgcgaactgegegtgaaattcageecgcagegeagatg
ctccagectacaagecaggggcagaaccagcetctacaacgaactcaatettggtcggagagagg
agtacgacgtgctggacaagcggagaggacgggacccagaaatgggegggaagecgegea
gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaagectata

gcgagattggtatgaaaggggaacgcagaagaggeaaaggecacgacggactgtaccaggg

actcagcaccgcecaccaaggacacctatgacgetcettcacatgcaggecectgeegectegg

104879
CARS -

Full - aa

917

MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdiskyl

nwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfavyfcqggntlpyt

fgqgtkleikggggsggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy
gvswirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyyc

akhyyyggsyamdywgqgtlvtvsstttpaprpptpaptiasqplslrpeacrpaaggavht

-110-




WO 2017/165683 PCT/US2017/023869

rgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescripe
eeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrkn
pgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr
CAR6
CAR6 918 eivmtgspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgs
scFv gsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleikggggsggggsggggsggggsq
domain vglgesgpglvkpsetlsltctvsgvslpdygvswirqppgkglewigviwgsettyyqgsslk
srvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvss
99790 919 atggcccteccagtgaccegetetgetgetgectetcgeacttcttetccatgecgeteggectgag
CARG6 - atcgtcatgacccaaagccccgcetaccctgteectgtcacccggegagagggcaaccctttcat
Soluble gcagggccagccaggacatttctaagtacctcaactggtatcagcagaagccagggeaggctc
scFv - nt ctegecetgetgatctaccacaccagecegectecacageggtatcceccgecagattttccgggag
cgggtetggaaccgactacaccctcaccatctctictetgecageccgaggatttcgecgtetattte
tgccagcaggggaatactetgecgtacaccttcggtcaaggtaccaagetggaaatcaaggga
ggeggaggalcaggegglggeggaageggaggagglggelecggaggaggagglicecaa
gtgcagcttcaagaatcaggacccggacttgtgaagecatcagaaaccctctcectgacttgtac
cgtgtccggtgtgagectceccgactacggagtctctiggaticgecagecteccggggaagget
cttgaatggattggggteatttgggeatcagagactacttactaccagtcatcacttaagtcacgg
gtcaccatcagcaaagataatagcaagaaccaagtgtcacttaagctgtcatetgtgacecgecge
tgacaccgccgtgtactattgtgccaaacattactattacggagggtcttatgctatggactactgg
ggacaggggaccctggtgactgtctctagecatcaccatcaccaccatcatcac
99790 920 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk
CARG6 - ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy
Soluble tfgqgtkleikggggsggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy
scFv - aa gvswirgppgkglewigviwgsettyyqsslksrvtiskdnsknqvslklssvtaadtavyyc
akhyyyggsyamdywgqgtlvtvsshhhhhhhh
104880 921 atggccctecctgtcaccgeectgetgeticegetggcetettctgetccacgecgetcggeecga
CARG6 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg
Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte
gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
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agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
glggeageggaggagglgggleeggegglggaggaageggaggeggagggageeaggle

caactccaagaaagcggaccgggtcttgtgaagecatcagaaactetttcactgacttgtactgtg
agcggagtgtctctceccgattacggggtgtettggatcagacagecaccggggaagggtetgg
aatggattggagtgatttggeoctctgagactacttactaccaatcatccctcaagtcacgegteac
catctcaaaggacaactctaagaatcaggtgtcactgaaactgtcatctgtgaccgcagecgaca
ccgeegtgtactattgegetaagceattactattatggegggagetacgcaatggattactggggac
agggtactctggtcaccgtgtccagecaccactaccccageaccgaggeeacccaccceggcete
ctaccatcgcecteccagectetgtecetgegtecggaggcatgtagaccegeagetggtggggac
cgtgcatacccggggtcttgacttcgectgegatatctacatttgggecectetggetggtacttge
gggetectgetgcetttcactecgtgatcactctitactgtaagegeggtcggaagaagetgetgtac

atctttaagcaacccttcatgaggectgtgcagactactcaagaggaggacggcetgttcatgecg

gttcccagaggaggaggaaggcggctgcgaactgegegtgaaattcageecgcagegeagatg
ctccagectacaagecaggggcagaaccagcetctacaacgaactcaatettggtcggagagagg
agtacgacgtgctggacaagcggagaggacgggacccagaaatgggegggaagecgegea
gaaagaatccccaagagggcctgtacaacgagctccaaaaggataagatggcagaagectata

gcgagattggtatgaaaggggaacgcagaagaggeaaaggecacgacggactgtaccaggg

actcagcaccgcecaccaaggacacctatgacgetcettcacatgcaggecectgeegectegg

104880 922 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdiskyl
CARG6 - nwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfavyfcqggntlpyt
Full - aa fgqgtkleikggggsggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy
gvswirqppgkglewigviwgsettyygsslksrvtiskdnsknqvslklssvtaadtavyy
cakhyyvggsyamdywgqgtlvtvsstitpaprpptpaptiasqplslrpeacrpaaggavh
trgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrkn
pgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr
CAR7
CAR7 923 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyysssl
scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggsggggseivmiqspatlslspgeratlscrasqdiskylnwyqqgkpgqaprll

iyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik
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100796 924 atggcactgectgtcactgeectectgetgectetggecctecttetgeatgecgecaggecccaa
CAR7 - gtccagctgcaagagtcaggacccggactggtgaagecgtctgagactctctcactgacttgtac
Soluble cgtcageggcegtgteccteccegactacggagtgtcatggatccgecaaccteccgggaaagg
scFv - nt gettgaatggattggtetcatctggggtictgaaaccacctactactcatcttccctgaagtecagg

gtgaccatcagcaaggataattccaagaaccaggtcagecttaagetgtcatctgtgaccgetge
tgacaccgccgtgtattactgcgccaagceactactattacggaggaagctacgctatggactattg
gggacagggcactctcgtgactgtgagecageggeggtggagggtctggaggtggaggatecg
gtggteggtgegtcaggcggaggagggagegagatigtgatgactcagtcaccagecacccttt

ctetttcacccggegagagagcaacccetgagetgtagagecagecaggacatttctaagtaccte
aactggtatcagcaaaaaccggggcaggceccctegectectgatctaccatacctcacgecttea
ctetggtatccecgeteggtttageggatcaggatctggtaccgactacactctgaccatttccage
ctgcagccagaagatticgcagtgtatttctgccagcagggceaatacccttecttacaccttcggte

agggaaccaagctcgaaatcaagcaccatcaccatcatcaccaccat

100796 925 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp

CAR7 - dygvswirgppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavy
Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggsggggseivmtqgspatls
scFv - aa Ispgeratlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslq

pedfavyfcqqgntlpytfgqgtkleikhhhhhhhh

104881 926 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR7 agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Full - nt cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg

actggagtggatcggagtgatttgggetagcgaaaccacttactattcatcttcectgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg

ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact

gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggagotgoctccggaggtggcggaagcegaaatcgtgatgacccagagecctgecaacccet
gtcectttcteccggggaacgggcetacectticttgtcgggcatcacaagatatctcaaaataccte
aattggtatcaacagaagccgggacaggcccctaggcttcttatctaccacacctetegectgceat
agcgggattcccgeacgcetttagegggtctggaagegggaccgactacactetgaccatctcat

ctctccageccgaggacttcgecgtctacttctgecageagggtaacacectgeegtacacctte

ggccagggeaccaagcettgagatcaaaaccactactcecgetecaaggecacccaccectgee
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ccgaccatcgectctcagecgcetttcectgegteccggaggcatgtagaceccgeagetggtggee
ccgtgcatacccggggtettgacttcgectgegatatctacatttgggececctetggetggtacttg
cggggtectgetgcetttcactcgtgatcactetttactgtaagegeggtcggaagaagetgetgta

catctttaagcaacccttcatgaggectgtgcagactactcaagaggaggacggctgttcatgce

ggttcccagaggaggaggaaggcggctgcgaactgegegtgaaattcageecgcagegeagat
getccagectacaageaggggcagaaccagetctacaacgaactcaatettggtcggagagag
gagtacgacgtgctggacaagcggagaggacgggacccagaaatgggegggaagecgegc
agaaagaatccccaagagggcectgtacaacgagetccaaaaggataagatggcagaagcctat

agcgagattggtatgaaaggggaacgcagaagaggcaaaggecacgacggactgtaccagg

gactcagcaccgcecaccaaggacacctatgacgcetcttcacatgcaggecctgeecgectegg

104881 927 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslpdy
CAR7 gvswirqppgkglewigviwgsettyyssslksrvtiskdnsknqvslklssvtaadtavyyc
Full - aa akhyyyggsyamdywgqgtlvtvssggggsggggsggggsggggseivmiqspatlsls

pgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslq

pedfavyfcqqgntlpytfgqgtkleiktttpaprpptpaptiasqplslrpeacrpaaggavht
rgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescripe
eeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrkn
pgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CARS8

CARS 928 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyyqssl
scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggsggggseivmtqgspatlslspgeratlscrasqdiskylnwyqqkpgqaprll

iyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik

100798 929 atggcactgectgtcactgeectectgetgectetggecctecttetgeatgecgecaggecccaa
CARS - gtccagctgcaagagtcaggacccggactggtgaagecgtctgagactctctcactgacttgtac
Soluble cgtcageggcegtgteccteccegactacggagtgtcatggatccgecaaccteccgggaaagg
scFv - nt gettgaatggattggtetcatctggggatictgaaaccacctactaccagtcttcectgaagtccagg

gtgaccatcagcaaggataattccaagaaccaggtcagecttaagetgtcatctgtgaccgetge
tgacaccgccgtgtattactgcgccaagceactactattacggaggaagctacgctatggactattg
gggacagggcactctcgtgactgtgagecageggeggtggagggtctggaggtggaggatecg
gtggteggtgegtcaggcggaggagggagegagatigtgatgactcagtcaccagecacccttt
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ctetttcacccggegagagagcaacccetgagetgtagagecagecaggacatttctaagtaccte
aactggtatcagcaaaaaccggggcaggceccctegectectgatctaccatacctcacgecttea
ctetggtatccecgeteggtttageggatcaggatctggtaccgactacactctgaccatttccage
ctgcagccagaagatticgcagtgtatttctgccagcagggceaatacccttecttacaccttcggte

agggaaccaagctcgaaatcaagcaccatcaccatcatcatcaccac

100798 930 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp

CARS - dygvswirgppgkglewigviwgsettyyqgsslksrvtiskdnsknqvslklssvtaadtavy
Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggsggggseivmtqgspatls
scFv - aa Ispgeratlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslq

pedfavyfcqqgntlpytfgqgtkleikhhhhhhhh

104882 931 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CARS8 - agtccagcttcaagaatcagggcctggtctggtgaagecatctgagactctgtecctcacttgeac
Full - nt cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg

actggagtggatcggagtgatttgggetagcgaaaccacttactatcaatcttcectgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg

ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact

gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage

ggtggagotgoctccggaggcggtggotcagaaatcgtgatgacccagagecctgecaacccet
gtcectttcteccggggaacgggcetacectticttgtcgggcatcacaagatatctcaaaataccte

aattggtatcaacagaagccgggacaggcccctaggcttcttatctaccacacctetegectgceat
agcgggattcccgeacgcetttagegggtctggaagegggaccgactacactetgaccatctcat
ctctccageccgaggacttcgecgtctacttctgecageagggtaacacectgeegtacacctte
ggccagggeaccaagcettgagatcaaaaccactactcecgetecaaggecacccaccectgee
ccgaccatcgectctcagecgcetttcectgegteccggaggcatgtagaceccgeagetggtggee
ccgtgcatacccggggtettgacttcgectgegatatctacatttgggececctetggetggtacttg
cggggtectgetgcetttcactcgtgatcactetttactgtaagegeggtcggaagaagetgetgta
catctttaagcaacccttcatgaggectgtgcagactactcaagaggaggacggctgttcatgce
ggttcccagaggaggaggaaggcggctgcgaactgegegtgaaattcageecgcagegeagat
getccagectacaageaggggcagaaccagetctacaacgaactcaatettggtcggagagag
gagtacgacgtgctggacaagcggagaggacgggacccagaaatgggegggaagecgegc

agaaagaatccccaagagggcectgtacaacgagetccaaaaggataagatggcagaagcctat
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agcgagattggtatgaaaggggaacgcagaagaggcaaaggecacgacggactgtaccagg

gactcagcaccgcecaccaaggacacctatgacgcetcttcacatgcaggecctgeecgectegg

104882 932 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslpdy
CARS8 - gvswirqppgkglewigviwgsettyygsslksrvtiskdnsknqvslklssvtaadtavyy

Full - aa cakhyyvggsyamdywgqgtlvtvssggggsggggsggggsggggseivmtgspatlsl

spgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltissl

gpedfavyfcgggntlpytfeqgtkleiktttpaprpptpaptiasqplslrpeacrpaaggav
htrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrf
peeeeggcelrvkisrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrk

npgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR Y9

CARY 933 eivmtgspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgs
scFv gsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleikggggsggggsggggsggggsq
domain vglgesgpglvkpsetlsltctvsgvslpdygvswirqppgkglewigviwgsettyynsslk
srvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvss

99789 934 atggcccteccagtgaccegetetgetgetgectetcgeacttcttetccatgecgeteggectgag
CARY - atcgtcatgacccaaagccccgcetaccctgteectgtcacccggegagagggcaaccctttcat
Soluble gcagggccagccaggacatttctaagtacctcaactggtatcagcagaagccagggeaggctc
scFv - nt ctegecetgetgatctaccacaccagecegectecacageggtatcceccgecagattttccgggag
cgggtetggaaccgactacaccctcaccatctctictetgecageccgaggatttcgecgtetattte
tgccagcaggggaatactetgecgtacaccttcggtcaaggtaccaagetggaaatcaaggga
ggeggaggalcaggegglggeggaageggaggagglggelecggaggaggagglicecaa
gtgcagcttcaagaatcaggacccggacttgtgaagecatcagaaaccctctcectgacttgtac
cgtgtccggtgtgagectceccgactacggagtctctiggaticgecagecteccggggaagget
cttgaatggattggegteatttgggeatcagagactacttactacaattcatcacttaagtcacggg
tcaccatcagcaaagataatagcaagaaccaagtgtcacttaagetgtcatctgtgaccgeeget
gacaccgecgtgtactattgtgccaaacattactattacggagggtcttatgctatggactactggg

gacaggggaccctggtgactgtctctagecatcaccatcaccaccatcatcac

99789 935 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk

CARY - ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy
Soluble tfgqgtkleikggggsggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy
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scFv - aa gvswirgppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavyyc
akhyyyggsyamdywgqgtlvtvsshhhhhhhh

105974 936 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga
CARY9 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg
Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte

gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
glggeageggaggagglgggleeggegglggaggaageggaggegglgggageeagglee
aactccaagaaagcggaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtga
geggagtgtctctceccgattacggggtgtettggatcagacagecaccggggaagggtetgga
atggattggagtgatttggggctctgagactacttactacaactcatccctcaagtcacgegtcace
atctcaaaggacaactctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacac
cgecgtgtactattgecgetaageattactattatggegggagetacgcaatggattactggggaca
gggtactetggtcaccgtgtccageaccactaccecageaccgaggecacccaccecggctce
taccatcgectcccagectetgteectgegteccggaggceatgtagacccgeagetggtgggece
gtgcatacccggggtettgacticgectgegatatctacatttgggeccctetggetggtacttgeg
gggtectgetgctttcactcgtgatcactctttactgtaagegeggtcggaagaagetgetgtacat
ctttaagcaacccttcatgaggcectgtgcagactactcaagaggaggacggctgttcatgecggt
tcccagaggaggaggaaggcggetgcgaactgegegtgaaattcagecgeagegeagatget
ccagcectacaagecaggggcagaaccagcetctacaacgaactcaatcttggtcggagagagga

gtacgacgtgctggacaageggagaggacgggacccagaaatgggegggaagecgegeag
aaagaatccccaagagggcctgtacaacgagcetccaaaaggataagatggcagaagectatag

cgagattggtatgaaaggggaacgcagaagaggcaaaggecacgacggactgtaccaggga

ctcagcaccgecaccaaggacacctatgacgcetcttcacatgcaggeectgeegectegg

105974 937 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdiskyl
CARY9 - nwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslqpedfavyfcqggntlpyt
Full - aa fgqgtkleikggggsggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdy

gvswirqppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavyy

cakhyyvggsyamdywgqgtlvtvsstitpaprpptpaptiasqplslrpeacrpaaggavh

trgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrip
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eeeeggcelrvkfsrsadapaykqgqnglynelnlgrreeydvldkrrgrdpemggkprrkn
pgeglynelgkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CAR10

CAR10 938 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyynssl
scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggsggggseivmiqspatlslspgeratlscrasqdiskylnwyqqgkpgqaprll

iyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik

100796 939 atggcactgectgtcactgeectectgetgectetggecctecttetgeatgecgecaggecccaa
CAR10 - gtccagctgcaagagtcaggacccggactggtgaagecgtctgagactctctcactgacttgtac
Soluble cgtcageggcegtgteccteccegactacggagtgtcatggatccgecaaccteccgggaaagg
scFv - nt gettgaatggattggtetcatctgggatictgaaaccacctactacaactcttccctgaagtecagg

gtgaccatcagcaaggataattccaagaaccaggtcagecttaagetgtcatctgtgaccgetge
tgacaccgccgtgtattactgcgccaagceactactattacggaggaagctacgctatggactattg
gggacagggcactctcgtgactgtgagecageggeggtggagggtctggaggtggaggatecg
gtggteggtgegtcaggcggaggagggagegagatigtgatgactcagtcaccagecacccttt

ctetttcacccggegagagagcaacccetgagetgtagagecagecaggacatttctaagtaccte
aactggtatcagcaaaaaccggggcaggceccctegectectgatctaccatacctcacgecttea
ctetggtatccecgeteggtttageggatcaggatctggtaccgactacactctgaccatttccage
ctgcagccagaagatticgcagtgtatttctgccagcagggceaatacccttecttacaccttcggte

agggaaccaagctcgaaatcaagcaccatcaccatcatcaccaccat

100796 940 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp

CAR10 - dygvswirgppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavy

Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggsggggseivmtqgspatls

scFv - aa Ispgeratlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslq
pedfavyfcqqgntlpytfgqgtkleikhhhhhhhh

105975 941 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga

CAR 10 aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegcaacccetgtcttg

Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte

gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte

agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
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glggeageggaggagglgggleeggegglggaggaageggaggegglgggageeagglee
aactccaagaaagcggaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtga
geggagtgtctctceccgattacggggtgtettggatcagacagecaccggggaagggtetgga
atggattggagtgatttggggctctgagactacttactacaactcatccctcaagtcacgegtcace
atctcaaaggacaactctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacac
cgecgtgtactattgecgetaageattactattatggegggagetacgcaatggattactggggaca
gggtactetggtcaccgtgtccageaccactaccecageaccgaggecacccaccecggctce
taccatcgectcccagectetgteectgegteccggaggceatgtagacccgeagetggtgggece
gtgcatacccggggtettgacticgectgegatatctacatttgggeccctetggetggtacttgeg
gggtectgetgctttcactcgtgatcactctttactgtaagegeggtcggaagaagetgetgtacat
ctttaagcaacccttcatgaggcectgtgcagactactcaagaggaggacggctgttcatgecggt
tcccagaggaggaggaaggcggetgcgaactgegegtgaaattcagecgeagegeagatget
ccagcectacaagecaggggcagaaccagcetctacaacgaactcaatcttggtcggagagagga

gtacgacgtgctggacaageggagaggacgggacccagaaatgggegggaagecgegeag
aaagaatccccaagagggcctgtacaacgagcetccaaaaggataagatggcagaagectatag

cgagattggtatgaaaggggaacgcagaagaggcaaaggecacgacggactgtaccaggga

ctcagcaccgecaccaaggacacctatgacgcetcttcacatgcaggeectgeegectegg

105975 942 MALPVTALLLPLALLLHAARPEIVMTQSPATLSLSPGERATLS
CAR 10 CRASODISKYLNWYQQKPGQAPRLLIYHTSRLHSGIPARFS
Full - aa GSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKLE

IKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLS
LTCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYN
SSLKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHYYY
GGSYAMDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLR
PEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVI
TLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
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CAR11

CAR11 943 eivmtgspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsrlhsgiparfsgs
scFv gsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleikggggsggggsggggsqvqglges
domain gpglvkpsetlsltctvsgvslpdygvswirqppgkglewigviwgsettyynsslksrvtisk

dnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvss

103101 944 Atggccctecctgtcaccgecectgetgeticegetggetcettetgeteccacgecgetcggeecga
CAR11 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegeaacccetgtettg
Soluble cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte
scFv - nt gecttetgatctaccacaccageceggctecattetggaatecctgecaggttcageggtagegga

tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg
gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt
gggectetgagactacttactacaattcatccctcaagtcacgegtcaccatctcaaaggacaact
ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac

cgtgtccagecaccaccatcatcaccatcaccat

103101 945 MALPVTALLLPLALLLHAARPeivmtqgspatlslspgeratlscrasqdisk
CAR11 - ylnwyqqkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpy
Soluble tfgqgtkleikggggsggggsggggsqvqlgesgpglvkpsetlsltctvsgvslpdygvswi
scFv - aa rqppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavyycakhyy
yggsyamdywgqgtlvtvsshhhhhhhh
105976 946 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR11 agtccagcttcaagaatcagggectggtetggtgaagecatetgagactetgteecteacttgeac
Full - nt cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg

actggagtggatcggagtgatttgggetagcgaaaccacttactataactettcectgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg

ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact

gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggagotgoctccggaggtggcggaagcegaaatcgtgatgacccagagecctgecaacccet
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gtcectttcteccggggaacgggcetacectticttgtcgggcatcacaagatatctcaaaataccte
aattggtatcaacagaagccgggacaggcccctaggcttcttatctaccacacctetegectgceat
agcgggattcccgeacgcetttagegggtctggaagegggaccgactacactetgaccatctcat
ctctccageccgaggacttcgecgtctacttctgecageagggtaacacectgeegtacacctte
ggccagggeaccaagcettgagatcaaaaccactactcecgetecaaggecacccaccectgee
ccgaccatcgectctcagecgcetttcectgegteccggaggcatgtagaceccgeagetggtggee
ccgtgcatacccggggtcttgacttcgectgegatatctacatttgggeecctetggetggtacttg
cggggtectgetgcetttcactcgtgatcactetttactgtaagegeggtcggaagaagetgetgta
catctttaagcaacccttcatgaggectgtgcagactactcaagaggaggacggctgttcatgce
ggttcccagaggaggaggaaggcggctgcgaactgegegtgaaattcageecgcagegeagat
getccagectacaageaggggcagaaccagetctacaacgaactcaatettggtcggagagag
gagtacgacgtgctggacaagcggagaggacgggacccagaaatgggegggaagecgegc
agaaagaatccccaagagggcectgtacaacgagetccaaaaggataagatggcagaagcctat

agcgagattggtatgaaaggggaacgcagaagaggcaaaggecacgacggactgtaccagg

gactcagcaccgcecaccaaggacacctatgacgcetcttcacatgcaggecctgeecgectegg

105976 947 MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLT
CAR11 CTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSS
Full - aa LKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHYYYG

GSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEI
VMTQSPATLSLSPGERATLSCRASODISKYLNWYQOQKPGQA
PRLLIYHTSRLHSGIPARFSGSGSGTDYTLTISSLQPEDFAVYF
COQGNTLPYTFGQGTKLEIKTTTPAPRPPTPAPTIASQPLSLR
PEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVI
TLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEG
GCELRVKFSRSADAPAYKQGONQLYNELNLGRREEYDVLD
KRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

CAR12

CAR12 948 qvqlgesgpglvkpsetlsltctvsgvslpdygvswirgppgkglewigviwgsettyynssl

-121-




WO 2017/165683

PCT/US2017/023869

scFv ksrvtiskdnsknqvslklssvtaadtavyycakhyyyggsyamdywgqgtlvtvssgggg
domain sggggsggggseivmtqspatlslspgeratlscrasqdiskylnwyqqkpgqaprlliyhtsr
lhsgiparfsgsgsgtdytltisslgpedfavyfcqqgntlpytfgqgtkleik
103104 949 atggctetgeccgtgaccgeactectectgecactggetetgetgettcacgeegetegeccaca
CAR12 - agtccagcttcaagaatcagggectggtetggtgaagecatetgagactetgteecteacttgeac
Soluble cgtgagcggagtgtccctcccagactacggagtgagetggattagacagecteccggaaaggg
scFv - nt actggagtggatcggagtgatttgggotagcgaaaccacttactataactcttccctgaagtcacg
ggtcaccatttcaaaggataactcaaagaatcaagtgagcctcaagcetctcatcagtcaccgecg
ctgacaccgcecgtgtattactgtgecaagcattactactatggagggtectacgecatggactact
gggegccagggaactctggtcactgtgtcatctggtggaggaggtageggaggaggegggage
ggtggaggtgoctccgaaatcgtgatgacccagagecectgecaacccetgteecttictecegggg
aacgggctaccctttcttgtcgggcatcacaagatatctcaaaatacctcaattggtatcaacagaa
geegggacaggeccctaggcettcttatctaccacacctetegectgcatagegggattccegeac
getttagegggtetggaagegggaccgactacactcetgaccatctcateteteccageccgagga
cttcgeegtetacttetgecagecagggtaacaccetgeegtacaccticggecagggeaccaag
cttgagatcaaacatcaccaccatcatcaccatcac
103104 950 MALPVTALLLPLALLLHAARPqvqlgesgpglvkpsetlsltctvsgvslp
CAR12 - dygvswirgppgkglewigviwgsettyynsslksrvtiskdnsknqvslklssvtaadtavy
Soluble ycakhyyyggsyamdywgqgtlvtvssggggsggggsggggseivmtqspatlslspger
scFv -aa atlscrasqdiskylnwyqqgkpgqaprlliyhtsrlhsgiparfsgsgsgtdytltisslgpedfa
vyfcqqgntlpytfgqgtkleikhhhhhhhh
105977 951 atggccctecectgtcaccgeectgetgcettecgetggetetictgetccacgecgetecggeccga
CAR 12 - aattgtgatgacccagtcacccgecactcttagectttcacccggtgagegegeaacccetgtettg
Full - nt cagagcctcccaagacatctcaaaataccttaattggtatcaacagaageccggacaggcetccte

gecttctgatctaccacaccagecggctccattctggaatcectgecaggttcageggtagegga
tctgggaccgactacaccctcactatcagetcactgecagecagaggacttcgetgtetatttctgte
agcaagggaacaccctgeectacacctttggacagggcaccaagetcgagattaaaggtggag
gtggcagcggaggaggtggetccggeggtggaggaagcecaggtccaactccaagaaageg

gaccgggtcttgtgaagecatcagaaactctttcactgacttgtactgtgageggagtgtctcetece
cgattacggggtgtcttggatcagacagecaccggggaagggtctggaatggattggagtgattt

gggectetgagactacttactacaactcatcectcaagtcacgegtcaccatctcaaaggacaact
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ctaagaatcaggtgtcactgaaactgtcatctgtgaccgecagecgacaccgecgtgtactattge
gctaagcattactattatggegggagctacgcaatggattactggggacagggtactetggteac
cgtgtccageaccactaccccageaccgaggecacccaccccggctectaccatcgectecca
gectetgteectgegtecggaggeatgtagacccgeagetggtggggccgtgeataccegggg
tcttgacttcgectgegatatctacatttgggcccctetggetggtacttgeggggtectgetgcettt
cactcgtgatcactctttactgtaagcgecggtcggaagaagetgctgtacatctttaagcaaccctt
catgaggcctgtgcagactactcaagaggaggacggctgttcatgececggttcccagaggagga
ggaaggcggctgcgaactgegegtgaaattcagecgecagegcagatgeteccagectacaage
aggggcagaaccagctctacaacgaactcaatcttggtcggagagaggagtacgacgtgctgg
acaagcggagaggacgggacccagaaatgggegggaagecgegeagaaagaatceccaag
agggcctgtacaacgagctccaaaaggataagatggcagaagectatagecgagattggtatga
aaggggaacgcagaagaggcaaaggccacgacggactgtaccagggactcagecaccgeca

ccaaggacacctatgacgctcttcacatgecaggecectgecgecetegg

105977 952 MALPVTALLLPLALLLHAARPEIVMTQSPATLSLSPGERATLS
CAR 12 - CRASODISKYLNWYQQKPGQAPRLLIYHTSRLHSGIPARFS
Full - aa GSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKLE

IKGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSLTCTVS
GVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSSLKSR
VTISKDNSKNQVSLKLSSVTAADTAVYYCAKHYYYGGSYA
MDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKR
GRKKLLYIFKQPEMRPVQTTQEEDGCSCRFPEEEEGGCELRV
KFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRR
GKGHDGLYQGLSTATKDTYDALHMQALPPR

CTLO019

CTL019- | 953 atggcectgeccgtcaccgetetgetgetgeeecttgetetgettcttcatgcagecaaggecggac
Soluble atccagatgacccaaaccacctcatcectetetgectetettggagacagggtgaccatttettgtc

scFv- gegecagecaggacatcagcaagtatctgaactggtatcagcagaagecggacggaaccgtg
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Histag - nt aagctcctgatctaccatacctctcgectgeatageggegtgecctcacgcettctctggaagegg
atcaggaaccgattattctctcactatttcaaatcttgagcaggaagatattgecacctatttctgeea
gecagggtaataccctgecctacaccticggaggagggaccaagctcgaaatcaccggtggage
aggcagcggeggtggaggotctggtggagatggttctgaggtgaagetgecaagaatcaggec
ctggacttgtggecccttcacagtecctgagegtgacttgecaccgtgtecggagtctecctgece
gactacggagtgtcatggatcagacaacctccacggaaaggactggaatggctcggtgtcatct
ggggtagcgaaactacttactacaattcagecctcaaaagecaggcetgactattatcaaggacaac
agcaagtcccaagtctttcttaagatgaactcactccagactgacgacaccgcaatctactattgtg
ctaagcactactactacggaggatcctacgctatggattactggggacaaggtacticcgtcactg

tctettcacaccatcatcaccatcaccatcac

CTL019- | 954 MALPVTALLLPLALLLHAARPdigmtqttsslsaslgdrvtiscrasqdisk

Soluble ylnwyqqkpdgtvklliyhtsrlhsgvpsrfsgsgsgtdysltisnleqediatyfcqqgntlpy
scFv- tfgggtkleitggggsggggsggggsevklqesgpglvapsqslsvtctvsgvslpdygvswi
Histag - aa rqpprkglewlgviwgsettyynsalksrltiikdnsksqvflkmnslqtddtaiyycakhyy

yggsyamdywgqgtsvtvsshhhhhhhh

CTLO019 955 atggccttaccagtgaccgcecttgetectgeegetggecttgetgetecacgecgecaggeegg
Full - nt acatccagatgacacagactacatcctcectgtctgectetetgggagacagagtcaccatcagtt
gcagggcaagtcaggacattagtaaatatttaaattggtatcagcagaaaccagatggaactgtta
aactcctgatctaccatacatcaagattacactcaggagtcccatcaaggttcagtggcagtgget

ctggaacagattattctctcaccattagcaacctggagcaagaagatattgecacttacttttgeca

acagggtaatacgcttccgtacacgttcggaggggggaccaagctggagatcacaggtggcg

glggetegggegglgglgggleggglggeggeggalclgaggigaaactgeaggagicagga
cctggectggtggegecctcacagagectgtecgtcacatgcactgtctcaggggteteattace

cgactatggtgtaagctggattcgccagectccacgaaagggtctggagtggctgggagtaatat
gggegtagtgaaaccacatactataattcagctctcaaatccagactgaccatcatcaaggacaact
ccaagagccaagttttcttaaaaatgaacagtctgcaaactgatgacacagccatttactactgtge
caaacattattactacggtggtagctatgctatggactactggggccaaggaacctcagtcacegt
ctcctcaaccacgacgecagegecgegaccaccaacaccggegeccaccatcgegicgeage
ccetgtecctgegeccagaggegtgecggecageggeggggggcgeagtgecacacgaggg

ggctggacttcgectgtgatatctacatctgggegeecttggeecgggacttgtggggtccttctect

gtcactggttatcaccctttactgcaaacggggcagaaagaaactcctgtatatattcaaacaacce
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atttatgagaccagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaag
aagaaggaggatgtgaactgagagtgaagticagcaggagcgecagacgeccccgegtacaag
cagggccagaaccagctctataacgagctcaatctaggacgaagagaggagtacgatgttttgg

acaagagacgtggecgggaccetgagatggggogaaagecgagaaggaagaacectcagg
aaggcctgtacaatgaactgcagaaagataagatggcggaggectacagtgagattgggatga

aaggcgagegecggaggggcaaggggcacgatggectttaccagggtcetcagtacageeac

caaggacacctacgacgcccttcacatgcaggecectgececctege

CTLO019 956 MALPVTALLLPLALLLHAARPdigmtqttsslsaslgdrvtiscrasqdiskyln
Full - aa wyqqkpdgtvklliyhtsrlhsgvpsrisgsgsgtdysltisnleqediatyfcqqgntlpytfg

ggtkleitggggsggggsggggsevklgesgpglvapsqgslsvictvsgvslpdygvswirqg

pprkglewlgviwgsettyynsalksrltiikdnsksqvflkmnslqtddtaiyycakhyyyg
gsyamdywgqgtsvtvsstttpaprpptpaptiasqplslrpeacrpaaggavhtrgldfacdi
yiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgescrpeeeeggceel

rvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrknpgeglynel
gkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CTLO019 957 digmtqttsslsaslgdrvtiscrasqdiskylnwyqqgkpdgtvklliyhtsrlhsgvpsrfsgs

scFv gsgtdysltisnleqediatyfcqqgntlpytfgggtkleitggggsggggsggggsevklqges

domain gpglvapsqgslsvictvsgvslpdygvswirgpprkglewlgviwgsettyynsalksrltitk
dnsksqvflkmnslqtddtaiyycakhyyyggsyamdywgqgtsvtvss

mCAR1 QVQLLESGAELVRPGSSVKISCKASGYAFSSYWMNWVKQRP

scFv GQGLEWIGQIYPGDGDTNYNGKFKGQATLTADKSSSTAYM

QLSGLTSEDSAVYSCARKTISSVVDFYFEDYWGQGTTVTGGG
SGGGSGGGSGGGSELVLTQSPKEMSTSVGDRVSVTCKASQN
VGTNVAWYQQKPGQSPKPLIYSATYRNSGVPDRFTGSGSGT
DFTLTITNVQSKDLADYFCQYNRYPYTSFFFTKLEIKRRS

mCAR1 QVQLLESGAELVRPGSSVKISCKASGYAFSSYWMNWVKQRP
Full - aa GQGLEWIGQIYPGDGDTNYNGKFKGQATLTADKSSSTAYM
QLSGLTSEDSAVYSCARKTISSVVDFYFEDYWGQGTTVTGGG
SGGGSGGGSGGGSELVLTQSPKEMSTSVGDRVSVTCKASQN
VGTNVAWYQQKPGQSPKPLIYSATYRNSGVPDRFTGSGSGT
DFTLTITNVQSKDLADYFCQYNRYPYTSFFFTKLEIKRRSKIE
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VMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFW VLV
VVGGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRR
PGPTRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQ
LYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

mCAR2

scFv

DIQOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG

TVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATY
FCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK

LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGL

EWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQT
DDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSE

mCAR2
CAR - aa

DIQOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATY
FCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK
LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGL
EWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQT
DDTAILY
YCAKHYYYGGSYAMDYWGQGTSVTVSSESKYGPPCPPCPM
FWVLVVVGGVLACYSLLVTVAFIIFWVKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFEEEEGGCELRVKFSRSADAPAYQQ
GONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPRL

mCAR2

Full - aa

DIQMTQTT SSLSASLGDR VTISCRASQD ISKYLNWYQQ
KPDGTVKLLI YHTSRLHSGV PSRESGSGSG TDYSLTISNL
EQEDIATYFC QQGNTLPYTF GGGTKLEITG STSGSGKPGS
GEGSTKGEVK LQESGPGLVA PSQSLSVTCT VSGVSLPDYG
VSWIRQPPRK GLEWLGVIWG SETTYYNSAL KSRLTIIKDN
SKSQVFLKMN SLQTDDTAIY YCAKHYYYGG
SYAMDYWGQG TSVTVSSESK YGPPCPPCPM
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FWVLVVVGGV LACYSLLVTV

AFIIFW VKRG RKKLLYIFKQ PFMRPVQTTQ EEDGCSCRFE
EEEGGCELRV KFSRSADAPA YQQGONQLYN ELNLGRREEY
DVLDKRRGRD PEMGGKPRRK NPQEGLYNEL
QKDKMAEAYS EIGMKGERRR GKGHDGLYQG
LSTATKDTYD ALHMQALPPR LEGGGEGRGS LLTCGDVEEN
PGPRMLLLVT SLLLCELPHP AFLLIPRKVC NGIGIGEFKD
SLSINATNIK HFKNCTSISG DLHILPVAFR GDSFTHTPPL
DPQELDILKT VKEITGFLLI QAWPENRTDL HAFENLEIIR
GRTKQHGQFS LAVVSLNITS LGLRSLKEIS DGDVIISGNK
NLCYANTINW KKLFGTSGQK TKIISNRGEN SCKATGQVCH
ALCSPEGCWG PEPRDCVSCR NVSRGRECVD KCNLLEGEPR
EFVENSECIQ CHPECLPQAM NITCTGRGPD NCIQCAHYID
GPHCVKTCPA GVMGENNTLYV WKYADAGHVC
HLCHPNCTYG CTGPGLEGCP TNGPKIPSIA TGMVGALLLL
LVVALGIGLF M

mCAR3

scFv

DIQOMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATY
FCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK

LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGL

EWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQT
DDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS

mCAR3

Full — aa

DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDG
TVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATY
FCQQGNTLPYTFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK
LQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGL
EWLGVIWGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQT
DDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSAAAIEVM
YPPPYLDNEKSNGTITHVKGKHLCPSPLFPGPSKPFWVLVVV
GGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGP
TRKHYQPYAPPRDFAAYRSRVKFSRSADAPAYQQGQNQLY
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NELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE

LQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTY

DALHMQALPPR
SSJ25-C1 QVQLLESGAELVRPGSSVKISCKASGYAFSSYWMNWVKQRP
VH GQGLEWIGQIYPGDGDTNYNGKFKGQATLTADKSSSTAYM
sequence QLSGLTSEDSAVYSCARKTISSVVDFYFDYWGQGTTVT
SSJ25-C1 ELVLTQSPKFMSTSVGDRVSVTCKASQNVGTNVAWYQQKP
VL GQSPKPLIYSATYRNSGVPDRFTGSGSGTDFTLTITNVQSKDL
sequence ADYFYFCQYNRYPYTSGGGTKLEIKRRS

In some embodiments, the CD19 CAR or binding domain includes the amino acid
sequence of CTLO19, or is encoded by the nucleotide sequence of CTL019 according to Table 2
with or without the leader sequence or the his tag, or a sequence substantially identical thereto
(e.g., at least 85%, 90%, 95% or higher identity).

In some embodiments, the CDRs are defined according to the Kabat numbering scheme,

the Chothia numbering scheme, or a combination thereof.

Bispecific Minibodies

The present invention also includes a composition comprising a minibody and a
bispecific minibody. A bispecific minibody comprises two different binding specificities and
thus binds to two different antigens. In one embodiment, the bispecific minibody comprises a
first antigen binding domain that binds to a first antigen and a second antigen binding domain
that binds to a second antigen. In another embodiment, the bispecific minibody comprises an
antigen binding domain comprising a first and a second single chain variable fragment (scFv)
molecules. In yet another embodiment, the bispecific minibody comprises a first and second
single chain variable fragment (scFv) molecules and a constant domain.

The constant domain can be a fragment from an antibody such as, but not limited to,
IgG1, 1gG2, IgG3, 1gG4, IgGS, 1gG6, 1gG7, IgG8, 1gGY, 1gG10, 1gG11, 1gG12, 1gG13, 1gG14,
IgG15, IgG16, IgG17, IgG18 or IgG19. The constant domain can be a fragment from any heavy

or light chain of an antibody. A heavy-chain constant domain that corresponds to the different
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classes of antibodies are denoted by the corresponding lower case Greek letter a, 0, €, v, and p,
respectively. Light chains of the antibodies from any vertebrate species can be assigned to one
of two clearly distinct types, called kappa (k) and lambda (1), based on the amino acid sequences
of their constant domains. The bispecific minibody may also be expressed as a membrane
protein with specificity for at least one target cell associated antigen. Examples of target cell
associated antigens are described elsewhere herein, all of which may be targeted by the
bispecific minibody of the present invention. In one embodiment, the bispecific minibody
comprises a bispecific antigen binding domain. In this embodiment, the bispecific antigen
binding domain includes a synthetic antibody, human antibody, a humanized antibody, single
chain variable fragment, single domain antibody, an antigen binding fragment thereof, and any
combination thereof.

In one embodiment, the bispecific minibody comprises specificity for a target cell
antigen. The target cell antigen may include the same target cell antigen that the T cell receptor
binds or may include a different target cell antigen. The target cell antigen may include any type
of ligand that defines any target cell. For example, the target cell antigen may be chosen to
recognize a ligand that acts as a cell marker on target cells associated with a particular disease
state. Thus examples of cell markers that may act as ligands for the antigen moiety domain in a
bispecific minibody, including those associated with viral, bacterial and parasitic infections,
autoimmune disease and cancer cells.

In one embodiment, the bispecific minibody binds to a tumor antigen, such as an antigen
that is specific for a tumor or cancer of interest. In another embodiment, the bispecific minibody
is capable of binding to an antigen and the variable heavy chain fragment and the variable light
chain fragment of the minibody bind the same antigen.

In an exemplary embodiment, the present invention comprises a minibody that binds and
blocks an inhibitory receptor on a T cell and a bispecific minibody that binds and blocks an
inhibitory receptor on the T cell with one arm and binds a target on a tumor cell with the other
arm to bring the tumor cell in close proximity to the T cell.

Techniques for engineering and expressing bispecific minibodies include, but are not
limited to, recombinant co-expression of two immunoglobulin heavy chain-light chain pairs
having different specificities (see Milstein and Cuello, Nature 305: 537 (1983), WO 93/08829,
and Traunecker et al., EMBO J. 10: 3655 (1991)), and “knob-in-hole” engineering (see, e.g.,
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U.S. Pat. No. 5,731,168). Multi-specific antibodies may also be made by engineering
electrostatic steering effects for making antibody Fe-heterodimeric molecules (WO
2009/089004A1); cross-linking two or more antibodies or fragments (see, e.g., U.S. Pat. No.
4,676,980, and Brennan et al., Science 229:81 (1985)); using leucine zippers to produce
bispecific antibodies (see, e.g., Kostelny et al., J. Immunol. 148(5):1547-1553 (1992)); using
“diabody” technology for making bispecific antibody fragments (see, e.g., Hollinger et al., Proc.
Natl. Acad. Sci. USA, 90:6444-6448 (1993)); and using single-chain Fv (scFv) dimers (see, e.g.
Gruber et al., J. Immunol., 152:5368 (1994)); and preparing trispecific antibodies as described,
e.g., in Tutt et al. J. Immunol. 147: 60 (1991). Engineered antibodies with three or more
functional antigen binding sites, including “Octopus antibodies,” are also included herein (see,
e.g. US 2006/0025576A1). Bispecific minibodies can be constructed by linking two different
antibodies, or portions thereof. For example, a bispecific minibody can comprise Fab, F(ab’),,

Fab’, scFv, and sdAb from two different antibodies.

Human Minibodies

For in vivo use of minibodies described herein in humans, it may be preferable to use
human antibody fragments. Completely human minibodies are particularly desirable for
therapeutic treatment of human subjects. Human minibodies can be made by a variety of
methods known in the art including phage display methods using antibody libraries derived from
human immunoglobulin sequences, including improvements to these techniques. See, also, U.S.
Pat. Nos. 4,444,887 and 4,716,111; and PCT publications WO 98/46645, WO 98/50433, WO
98/24893, W098/16654, WO 96/34096, WO 96/33735, and WO 91/10741; each of which is
incorporated herein by reference in its entirety. A human minibody can also be an antibody
wherein the heavy and light chains are encoded by a nucleotide sequence derived from one or
more sources of human DNA.

Human minibodies can also be produced using transgenic mice which are incapable of
expressing functional endogenous immunoglobulins, but which can express human
immunoglobulin genes. For example, the human heavy and light chain immunoglobulin gene
complexes may be introduced randomly or by homologous recombination into mouse embryonic
stem cells. Alternatively, the human variable region, constant region, and diversity region may

be introduced into mouse embryonic stem cells in addition to the human heavy and light chain
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genes. The mouse heavy and light chain immunoglobulin genes may be rendered non-functional
separately or simultaneously with the introduction of human immunoglobulin loci by
homologous recombination. For example, it has been described that the homozygous deletion of
the antibody heavy chain joining region (JH) gene in chimeric and germ-line mutant mice results
in complete inhibition of endogenous antibody production. The modified embryonic stem cells
are expanded and microinjected into blastocysts to produce chimeric mice. The chimeric mice
are then bred to produce homozygous offspring which express human antibodies. The transgenic
mice are immunized in the normal fashion with a selected antigen, e.g., all or a portion of a
polypeptide of the invention. Minibodies can be engineered from antibodies directed against the
target of choice obtained from immunized, transgenic mice using conventional hybridoma
technology. The human immunoglobulin transgenes harbored by the transgenic mice rearrange
during B cell differentiation, and subsequently undergo class switching and somatic mutation.
Thus, using such a technique, it is possible to produce therapeutically useful IgG, IgA, IgM and
IgE antibodies, including, but not limited to, IgG1 (gamma 1) and IgG3. For an overview of this
technology for producing human antibodies, see, Lonberg and Huszar (Int. Rev. Immunol.,
13:65-93 (1995)). For a detailed discussion of this technology for producing human antibodies
and human monoclonal antibodies and protocols for producing such antibodies, see, e.g., PCT
Publication Nos. WO 98/24893, WO 96/34096, and WO 96/33735; and U.S. Pat. Nos.
5.413,923; 5,625,126; 5,633,425; 5,569.,825; 5,661,016; 5,545,806; 5,814,318; and 5,939,598,
each of which is incorporated by reference herein in their entirety. In addition, companies such
as Abgenix, Inc. (Freemont, Calif.) and Genpharm (San Jose, Calif.) can be engaged to provide
human antibodies directed against a selected antigen using technology similar to that described
above. For a specific discussion of transfer of a human germ-line immunoglobulin gene array in
germ-line mutant mice that will result in the production of human antibodies upon antigen
challenge see, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993); Jakobovits et
al., Nature, 362:255-258 (1993); Bruggermann et al., Year in Immunol., 7:33 (1993); and
Duchosal et al., Nature, 355:258 (1992).

Human minibodies can also be made from antibodies derived from phage-display
libraries (Hoogenboom et al., J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581-
597 (1991); Vaughan et al., Nature Biotech., 14:309 (1996)). Phage display technology
(McCafferty et al., Nature, 348:552-553 (1990)) can be used to produce human antibodies and
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antibody fragments in vitro, from immunoglobulin variable (V) domain gene repertoires from
unimmunized donors. According to this technique, antibody V domain genes are cloned in-frame
into either a major or minor coat protein gene of a filamentous bacteriophage, such as M13 or {d,
and displayed as functional antibody fragments on the surface of the phage particle. Because the
filamentous particle contains a single-stranded DNA copy of the phage genome, selections based
on the functional properties of the antibody also result in selection of the gene encoding the
antibody exhibiting those properties. Thus, the phage mimics some of the properties of the B
cell. Phage display can be performed in a variety of formats; for their review see, e.g., Johnson,
Kevin S, and Chiswell, David J., Current Opinion in Structural Biology 3:564-571 (1993).
Several sources of V-gene segments can be used for phage display. Clackson et al., Nature,
352:624-628 (1991) isolated a diverse array of anti-oxazolone antibodies from a small random
combinatorial library of V genes derived from the spleens of unimmunized mice. A repertoire of
V genes from unimmunized human donors can be constructed and antibodies to a diverse array
of antigens (including self-antigens) can be isolated essentially following the techniques
described by Marks et al., J. Mol. Biol., 222:581-597 (1991), or Griffith et al., EMBO J., 12:725-
734 (1993). See, also, U.S. Pat. Nos. 5,565,332 and 5,573,905, each of which is incorporated
herein by reference in its entirety.

Human minibodies may also be generated from antibodies obtained from in vitro
activated B cells (see, U.S. Pat. Nos. 5,567,610 and 5,229,275, each of which is incorporated
herein by reference in its entirety). Human minibodies can also be generated from antibodies
made from in vitro hybridoma techniques such as, but not limited to, that described by Roder et

al. (Methods Enzymol., 121:140-167 (1986)).

Humanized Minibodies

Alternatively, in some embodiments, a non-human minibody is humanized, where
specific sequences or regions of the antibody fragments are modified to increase similarity to an
antibody naturally produced in a human. In one embodiment, the variable chains are humanized.

A “humanized” minibody retains a similar antigenic specificity as the original antibody
fragments. However, using certain methods of humanization, the affinity and/or specificity of

binding of the minibody for a human antigen may be increased using methods of “directed
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evolution,” as described by Wu et al., J. Mol. Biol., 294:151 (1999), the contents of which are
incorporated herein by reference herein in their entirety.

A humanized minibody has one or more amino acid residues introduced into it from a
source which is nonhuman. These nonhuman amino acid residues are often referred to as
“import” residues, which are typically taken from an “import” variable domain. Thus, humanized
minibodies comprise one or more CDRs from nonhuman immunoglobulin molecules and
framework regions from human. Humanization of antibodies is well-known in the art and can
essentially be performed following the method of Winter and co-workers (Jones et al., Nature,
321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al., Science,
239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody, i.e., CDR-grafting (EP 239,400; PCT Publication No. WO
91/09967; and U.S. Pat. Nos. 4,816,567; 6,331,415; 5,225,539; 5,530,101; 5,585,089; 6,548,640,
the contents of which are incorporated herein by reference herein in their entirety). In such
humanized chimeric antibodies, substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a nonhuman species. Humanized minibodies
include human antibody fragments in which some CDR residues and possibly some FR residues
are substituted by residues from analogous sites in rodent antibodies. Humanization of
minibodies can also be achieved by veneering or resurfacing (EP 592,106; EP 519,596; Padlan,
1991, Molecular Immunology, 28(4/5):489-498; Studnicka et al., Protein Engineering, 7(6):805-
814 (1994); and Roguska et al., PNAS, 91:969-973 (1994)) or chain shuffling (U.S. Pat. No.
5,565,332), the contents of which are incorporated herein by reference herein in their entirety.

The choice of human variable domains, both light and heavy, to be used in making the
humanized minibodies is to reduce antigenicity. According to the so-called “best-fit” method, the
sequence of the variable domain of a rodent antibody is screened against the entire library of
known human variable-domain sequences. The human sequence which is closest to that of the
rodent is then accepted as the human framework (FR) for the humanized minibody (Sims et al.,
J. Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987), the contents of
which are incorporated herein by reference herein in their entirety). Another method uses a
particular framework derived from the consensus sequence of all human antibodies of a
particular subgroup of light or heavy chains to be used in the minibody. The same framework

may be used for several different humanized antibodies (Carter et al., Proc. Natl. Acad. Sci.
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USA, 89:4285 (1992); Presta et al., J. Immunol., 151:2623 (1993), the contents of which are
incorporated herein by reference herein in their entirety).

Minibodies can be humanized with retention of high affinity for the target antigen and
other favorable biological properties. According to one aspect of the invention, humanized
minibodies are prepared by a process of analysis of the parental sequences and various
conceptual humanized products using three-dimensional models of the parental and humanized
sequences. Three-dimensional immunoglobulin models are commonly available and are familiar
to those skilled in the art. Computer programs are available which illustrate and display probable
three-dimensional conformational structures of selected candidate immunoglobulin sequences.
Inspection of these displays permits analysis of the likely role of the residues in the functioning
of the candidate immunoglobulin sequence, i.e., the analysis of residues that influence the ability
of the candidate immunoglobulin to bind the target antigen. In this way, FR residues can be
selected and combined from the recipient and import sequences so that the desired minibody
characteristic, such as increased affinity for the target antigen, is achieved. In general, the CDR

residues are directly and most substantially involved in influencing antigen binding.

Exemplary Minibody Sequences

Figures 3 and 4 show exemplary minibody and bispecific minibody amino acid
sequences.

Figure 3 is an image showing the PD1 minibody amino acid sequence
METDTLLLWVLLLWVPGSTGQVQLQESGPGVVKPSGTLSLTCAISGGSIGSGGSIRSTRW
WSWVRQSPGKGLEWIGEIYHSGSTNYNPSLKSRVTISLDKSRNHFSLRLNSVTAADTAV
YYCARQDYGDSGDWYFDLWGKGTMVTVSSGGGSGGGSGGGSGGGSNFMLTQPHSVS
ESPGKTVTISCTRSSGSIASNSVQWYQQRPGSSPTTVIYEDNQRPSGVPDRFESGSIDSSSNS
ASLTVSGLKTEDEADYYCQSSDSSAVVFGSGTKLTVLEPKSCDKTHTCPPCGGGSSGGG
SGGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQKSLSLSPGK (SEQ ID
NO:1). The corresponding nucleic acid sequence is
ATGGAAACCGACACCCTGCTGCTGTGGGTGCTGCTGCTGTGGGTGCCAGGCTCTACA
GGACAGGTGCAGCTGCAGGAATCTGGCCCTGGCGTCGTGAAGCCTAGCGGCACACT
GAGCCTGACCTGTGCCATCAGCGGCGGCTCTATTGGCTCCGGCGGCAGCATCAGATC
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CACCAGATGGTGGTCTTGGGTGCGCCAGTCTCCTGGCAAGGGCCTGGAATGGATCG
GCGAGATCTACCACAGCGGCTCCACCAACTACAACCCCAGCCTGAAGTCCAGAGTG
ACCATCAGCCTGGACAAGAGCCGGAACCACTTCAGCCTGAGACTGAACAGCGTGAC
AGCCGCCGACACCGCCGTGTACTACTGCGCCAGACAGGACTACGGCGACAGCGGCG
ACTGGTACTTCGACCTGTGGGGCAAGGGCACAATGGTCACCGTGTCTAGCGGCGGA
GGAAGCGGAGGCGGATCTGGGGGAGGAAGTGGCGGAGGCAGCAACTTCATGCTGA
CCCAGCCTCACAGCGTGTCCGAGAGCCCTGGCAAGACCGTGACCATCTCCTGCACCA
GAAGCTCCGGCTCTATCGCCAGCAACAGCGTGCAGTGGTATCAGCAGAGGCCCGGC
AGCAGCCCTACCACCGTGATCTACGAGGACAACCAGAGGCCCAGCGGCGTGCCCGA
TAGATTCTCTGGCAGCATCGACAGCAGCTCCAACAGCGCCAGCCTGACCGTGTCCGG
CCTGAAAACAGAGGACGAGGCCGACTACTACTGCCAGAGCAGCGATAGCAGCGCCG
TGGTGTTTGGCAGCGGCACCAAGCTGACCGTGCTGGAACCCAAGAGCTGCGACAAG
ACCCACACCTGTCCCCCTTGTGGCGGCGGATCTTCTGGCGGAGGATCTGGCGGACAG
CCCAGAGAACCCCAGGTGTACACACTGCCCCCCAGCAGAGATGAGCTGACCAAGAA
CCAGGTGTCCCTGACCTGCCTCGTGAAGGGCTTCTACCCCTCCGATATCGCCGTGGA
ATGGGAGAGCAATGGCCAGCCCGAGAACAACTACAAGACCACTCCCCCTGTGCTGG
ACAGCGACGGCTCATTCTTCCTGTACAGCAAGCTGACAGTGGACAAGTCCCGGTGG
CAGCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGAGGCCCTGCACAACCACTA
CACCCAGAAGTCCCTGTCCCTGAGCCCCGGCAAA (SEQ ID NO:10). The secretion signal
comprises amino acid sequence METDTLLLW VLLLWVPGSTG (SEQ ID NO:2). The linker
comprises amino acid sequence GGGSGGGSGGGSGGGSN (SEQ ID NO:3). The hinge
comprises amino acid sequence EPKSCDKTHTCPPCGGGSSGGGSG (SEQ ID NO:4). The
constant chain fragment from IgG comprises amino acid sequence
GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD
SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO:5).
The variable heavy chain fragment comprises amino acid sequence
QVQLQESGPGVVKPSGTLSLTCAISGGSIGSGGSIRSTRWWSWVRQSPGKGLEWIGEIYH
SGSTNYNPSLKSRVTISLDKSRNHFSLRLNSVTAADTAVYYCARQDYGDSGDWYFDLW
GKGTMVTVSS (SEQ ID NO:6). The variable light chain fragment comprises amino acid

sequence
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NEMLTQPHSVSESPGKTVTISCTRSSGSIASNSVOQWYQQRPGSSPTTVIYEDNQRPSGVPD
RFSGSIDSSSNSASLTVSGLKTEDEADYYCQSSDSSAVVFEGSGTKLTVL (SEQ ID NO:7).

Figure 4 is an image showing the PD1-PDL1 bispecific minibody amino acid sequence
METDTLLLWVLLLWVPGSTGQVQLQESGPGVVKPSGTLSLTCAISGGSIGSGGSIRSTRW
WSWVRQSPGKGLEWIGEIYHSGSTNYNPSLKSRVTISLDKSRNHFSLRLNSVTAADTAV
YYCARQDYGDSGDWYFDLWGKGTMVTVSSGGGSGGGSGGGSGGGSNFMLTQPHSVS
ESPGKTVTISCTRSSGSIASNSVQWYQQRPGSSPTTVIYEDNQRPSGVPDRFESGSIDSSSNS
ASLTVSGLKTEDEADYYCQSSDSSAVVFEGSGTKLTVLGGGSGGGSGGGSGGGSQVQLV
QSGAEVKKPGSSVKVSCKTSGDTESTYAISWVRQAPGQGLEWMGGIIPIFGKAHY AQKF
QGRVTITADESTSTAYMELSSLRSEDTAVYFCARKFHFVSGSPFGMDVWGQGTTVTVSS
GGGSGGGSGGGSGGGSEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPGQA
PRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDFAVY YCQQRSNWPTFGQGTKVE
IK (SEQ ID NO:8). The corresponding nucleotide sequence is

ATGGAAACCGACACCCTGCTGCTGTGGGTGCTGCTGCTGTGGGTGCCAGGCTCTACA
GGACAGGTGCAGCTGCAGGAATCTGGCCCTGGCGTCGTGAAGCCTAGCGGCACACT
GAGCCTGACCTGTGCCATCAGCGGCGGCTCTATTGGCTCCGGCGGCAGCATCAGATC
CACCAGATGGTGGTCTTGGGTGCGCCAGTCTCCTGGCAAGGGCCTGGAATGGATCG
GCGAGATCTACCACAGCGGCTCCACCAACTACAACCCCAGCCTGAAGTCCAGAGTG
ACCATCAGCCTGGACAAGAGCCGGAACCACTTCAGCCTGAGACTGAACAGCGTGAC
AGCCGCCGACACCGCCGTGTACTACTGCGCCAGACAGGACTACGGCGACAGCGGCG
ACTGGTACTTCGACCTGTGGGGCAAGGGCACAATGGTCACCGTGTCTAGCGGCGGA
GAAGCGGAGGCGGATCTGGGGGAGGAAGTGGCGGAGGCAGCAACTTCATGCTGAC
CCAGCCTCACAGCGTGTCCGAGAGCCCTGGCAAGACCGTGACCATCTCCTGCACCA
GAAGCTCCGGCTCTATCGCCAGCAACAGCGTGCAGTGGTATCAGCAGAGGCCCGGC
AGCAGCCCTACCACCGTGATCTACGAGGACAACCAGAGGCCCAGCGGCGTGCCCGA
TAGATTCTCTGGCAGCATCGACAGCAGCTCCAACAGCGCCAGCCTGACCGTGTCCGG
CCTGAAAACAGAGGACGAGGCCGACTACTACTGCCAGAGCAGCGATAGCAGCGCCG
TGGTGTTTGGCAGCGGCACCAAGCTGACAGTGCTGGGAGGCGGCTCAGGCGGAGGA
TCTGGCGGCGGATCCGGCGGAGGCTCTCAGGTGCAGCTGGTGCAGTCTGGCGCCGA
AGTGAAGAAACCCGGCAGCTCCGTGAAGGTGTCCTGCAAGACAAGCGGCGACACCT
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TCTCCACCTACGCCATCAGTTGGGTGCGGCAGGCACCTGGACAGGGACTGGAATGG
ATGGGAGGCATCATCCCCATCTTCGGCAAGGCCCACTACGCCCAGAAATTCCAGGG
CCGCGTGACAATCACCGCCGACGAGAGCACAAGCACCGCCTACATGGAACTGAGCA
GCCTGCGGAGCGAGGATACCGCTGTGTACTTCTGTGCCCGGAAGTTCCACTTTGTGT
CCGGCAGCCCCTTCGGCATGGATGTGTGGGGACAGGGCACCACAGTGACTGTGTCC
TCCGGGGGAGGCAGCGGAGGGGGAAGTGGCGGCGGAAGTGGGGGAGGATCTGAGA
TCGTGCTGACACAGAGCCCCGCCACCCTGTCACTGTCTCCAGGCGAAAGAGCCACCC
TGAGCTGCAGAGCCAGCCAGTCTGTGTCCAGCTACCTGGCCTGGTATCAGCAGAAA
CCCGGCCAGGCCCCCAGACTGCTGATCTATGACGCCAGCAATCGGGCCACCGGCAT
CCCTGCCAGATTTTCCGGAAGCGGCTCCGGCACCGACTTCACCCTGACAATCAGCAG
CCTGGAACCCGAGGACTTCGCCGTGTATTATTGCCAGCAGCGGAGCAACTGGCCCA
CCTTTGGCCAGGGCACTAAGGTGGAAATCAAG (SEQ ID NO:11).
The strep-tagll has an amino acid sequence of: WSHPQFEK, SEQ ID NO:9.

Introduction of Nucleic Acids

Methods of introducing nucleic acids into a cell include physical, biological and chemical
methods. Physical methods for introducing a polynucleotide, such as RNA, into a host cell
include calcium phosphate precipitation, lipofection, particle bombardment, microinjection,
electroporation, and the like. RNA can be introduced into target cells using commercially
available methods which include electroporation (Amaxa Nucleofector-1I (Amaxa Biosystems,
Cologne, Germany)), (ECM 830 (BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser
IT (BioRad, Denver, Colo.), Multiporator (Eppendort, Hamburg Germany). RNA can also be
introduced into cells using cationic liposome mediated transfection using lipofection, using
polymer encapsulation, using peptide mediated transfection, or using biolistic particle delivery
systems such as “gene guns” (see, for example, Nishikawa, et al. Hum Gene Ther., 12(8):861-70
(2001).

Biological methods for introducing a polynucleotide of interest into a host cell include
the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become
the most widely used method for inserting genes into mammalian, e.g., human cells. Other viral
vectors can be derived from lentivirus, poxviruses, herpes simplex virus I, adenoviruses and

adeno-associated viruses, and the like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,585,362.
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Chemical means for introducing a polynucleotide into a host cell include colloidal
dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.
An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome
(e.g., an artificial membrane vesicle).

Lipids suitable for use can be obtained from commercial sources. For example, dimyristyl
phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, MO; dicetyl phosphate
(“DCP”) can be obtained from K & K Laboratories (Plainview, NY); cholesterol (“Choi”) can be
obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol (“DMPG”) and other lipids
may be obtained from Avanti Polar Lipids, Inc. (Birmingham, AL). Stock solutions of lipids in
chloroform or chloroform/methanol can be stored at about -20°C. Chloroform is used as the only
solvent since it is more readily evaporated than methanol. “Liposome” is a generic term
encompassing a variety of single and multilamellar lipid vehicles formed by the generation of
enclosed lipid bilayers or aggregates. Liposomes can be characterized as having vesicular
structures with a phospholipid bilayer membrane and an inner aqueous medium. Multilamellar
liposomes have multiple lipid layers separated by aqueous medium. They form spontaneously
when phospholipids are suspended in an excess of aqueous solution. The lipid components
undergo self-rearrangement before the formation of closed structures and entrap water and
dissolved solutes between the lipid bilayers (Ghosh et al., 1991 Glycobiology 5: 505-10).
However, compositions that have different structures in solution than the normal vesicular
structure are also encompassed. For example, the lipids may assume a micellar structure or
merely exist as nonuniform aggregates of lipid molecules. Also contemplated are lipofectamine-
nucleic acid complexes.

Regardless of the method used to introduce exogenous nucleic acids into a host cell or
otherwise expose a cell to the inhibitor of the present invention, in order to confirm the presence
of the nucleic acids in the host cell, a variety of assays may be performed. Such assays include,
for example, “molecular biological” assays well known to those of skill in the art, such as
Southern and Northern blotting, RT-PCR and PCR; “biochemical” assays, such as detecting the
presence or absence of a particular peptide, e.g., by immunological means (ELISAs and Western
blots) or by assays described herein to identify agents falling within the scope of the invention.

RNA
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In one embodiment, RNA is introduced into target cells. In another embodiment, the
RNA is mRNA that comprises in vitro transcribed RNA or synthetic RNA. The RNA is
produced by in vitro transcription using a polymerase chain reaction (PCR)-generated template.
DNA of interest from any source can be directly converted by PCR into a template for in vitro
mRNA synthesis using appropriate primers and RNA polymerase. The source of the DNA can
be, for example, genomic DNA, plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or
any other appropriate source of DNA. The desired template for in vitro transcription is a
chimeric membrane protein. By way of example, the template encodes an antibody, a fragment
of an antibody or a portion of an antibody. By way of another example, the template comprises
an extracellular domain comprising a single chain variable domain of an antibody, such as anti-
CD3, and an intracellular domain of a co-stimulatory molecule. In one embodiment, the
template for the RNA chimeric membrane protein encodes a chimeric membrane protein
comprising an extracellular domain comprising an antigen binding domain derived from an
antibody to a co-stimulatory molecule, and an intracellular domain derived from a portion of an
intracellular domain of CD28 and 4-1BB.

PCR can be used to generate a template for in vitro transcription of mRNA which is then
introduced into cells. Methods for performing PCR are well known in the art. Primers for use in
PCR are designed to have regions that are substantially complementary to regions of the DNA to
be used as a template for the PCR. “Substantially complementary”, as used herein, refers to
sequences of nucleotides where a majority or all of the bases in the primer sequence are
complementary, or one or more bases are non-complementary, or mismatched. Substantially
complementary sequences are able to anneal or hybridize with the intended DNA target under
annealing conditions used for PCR. The primers can be designed to be substantially
complementary to any portion of the DNA template. For example, the primers can be designed
to amplify the portion of a gene that is normally transcribed in cells (the open reading frame),
including 5' and 3' UTRs. The primers can also be designed to amplify a portion of a gene that
encodes a particular domain of interest. In one embodiment, the primers are designed to amplify
the coding region of a human cDNA, including all or portions of the 5" and 3' UTRs. Primers
useful for PCR are generated by synthetic methods that are well known in the art. “Forward
primers” are primers that contain a region of nucleotides that are substantially complementary to

nucleotides on the DNA template that are upstream of the DNA sequence that is to be amplified.
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“Upstream” is used herein to refer to a location 5, to the DNA sequence to be amplified relative
to the coding strand. “Reverse primers” are primers that contain a region of nucleotides that are
substantially complementary to a double-stranded DNA template that are downstream of the
DNA sequence that is to be amplified. “Downstream” is used herein to refer to a location 3' to
the DNA sequence to be amplified relative to the coding strand.

Chemical structures that have the ability to promote stability and/or translation efficiency
of the RNA may also be used. The RNA preferably has 5" and 3' UTRs. In one embodiment, the
5'UTR is between zero and 3000 nucleotides in length. The length of 5" and 3' UTR sequences
to be added to the coding region can be altered by different methods, including, but not limited
to, designing primers for PCR that anneal to different regions of the UTRs. Using this approach,
one of ordinary skill in the art can modify the 5' and 3' UTR lengths required to achieve optimal
translation efficiency following transfection of the transcribed RNA.

The 5' and 3' UTRs can be the naturally occurring, endogenous 5' and 3' UTRs for the
gene of interest. Alternatively, UTR sequences that are not endogenous to the gene of interest
can be added by incorporating the UTR sequences into the forward and reverse primers or by any
other modifications of the template. The use of UTR sequences that are not endogenous to the
gene of interest can be useful for modifying the stability and/or translation efficiency of the
RNA. For example, it is known that AU-rich elements in 3' UTR sequences can decrease the
stability of mRNA. Therefore, 3' UTRs can be selected or designed to increase the stability of
the transcribed RNA based on properties of UTRs that are well known in the art.

In one embodiment, the 5' UTR can contain the Kozak sequence of the endogenous gene.
Alternatively, when a 5' UTR that is not endogenous to the gene of interest is being added by
PCR as described above, a consensus Kozak sequence can be redesigned by adding the 5' UTR
sequence. Kozak sequences can increase the efficiency of translation of some RNA transcripts,
but does not appear to be required for all RNAs to enable efficient translation. The requirement
for Kozak sequences for many mRNAs is known in the art. In other embodiments the 5' UTR
can be derived from an RNA virus whose RNA genome is stable in cells. In other embodiments
various nucleotide analogues can be used in the 3' or 5' UTR to impede exonuclease degradation
of the mRNA.

To enable synthesis of RNA from a DNA template without the need for gene cloning, a

promoter of transcription should be attached to the DNA template upstream of the sequence to be
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transcribed. When a sequence that functions as a promoter for an RNA polymerase is added to
the 5' end of the forward primer, the RNA polymerase promoter becomes incorporated into the
PCR product upstream of the open reading frame that is to be transcribed. In one embodiment,
the promoter is a T7 polymerase promoter, as described elsewhere herein. Other useful
promoters include, but are not limited to, T3 and SP6 RNA polymerase promoters. Consensus
nucleotide sequences for T7, T3 and SP6 promoters are known in the art.

In one embodiment, the mRNA has both a cap on the 5" end and a 3" poly(A) tail which
determine ribosome binding, initiation of translation and stability mRNA in the cell. On a
circular DNA template, for instance, plasmid DNA, RNA polymerase produces a long
concatameric product which is not suitable for expression in eukaryotic cells. The transcription
of plasmid DNA linearized at the end of the 3' UTR results in normal sized mRNA which is not
effective in eukaryotic transfection even if it is polyadenylated after transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3' end of the
transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,
13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem., 270:1485-65 (2003).

The conventional method of integration of polyA/T stretches into a DNA template is
molecular cloning. However polyA/T sequence integrated into plasmid DNA can cause plasmid
instability, which is why plasmid DNA templates obtained from bacterial cells are often highly
contaminated with deletions and other aberrations. This makes cloning procedures not only
laborious and time consuming but often not reliable. That is why a method which allows
construction of DNA templates with polyA/T 3' stretch without cloning highly desirable.

The polyA/T segment of the transcriptional DNA template can be produced during PCR
by using a reverse primer containing a polyT tail, such as 100T tail (size can be 50-5000 T), or
after PCR by any other method, including, but not limited to, DNA ligation or in vitro
recombination. Poly(A) tails also provide stability to RNAs and reduce their degradation.
Generally, the length of a poly(A) tail positively correlates with the stability of the transcribed
RNA. In one embodiment, the poly(A) tail is between 100 and 5000 adenosines.

Poly(A) tails of RNAs can be further extended following in vitro transcription with the
use of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one embodiment,
increasing the length of a poly(A) tail from 100 nucleotides to between 300 and 400 nucleotides

results in about a two-fold increase in the translation efficiency of the RNA. Additionally, the
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attachment of different chemical groups to the 3' end can increase mRNA stability. Such
attachment can contain modified/artificial nucleotides, aptamers and other compounds. For
example, ATP analogs can be incorporated into the poly(A) tail using poly(A) polymerase. ATP
analogs can further increase the stability of the RNA.

5' caps also provide stability to RNA molecules. In a preferred embodiment, RNAs
produced by the methods disclosed herein include a 5' cap. The 5' cap is provided using
techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,
29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.
Res. Commun., 330:958-966 (2005)).

The RNAs produced by the methods disclosed herein can also contain an internal
ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal or
artificially designed sequence which initiates cap-independent ribosome binding to mRNA and
facilitates the initiation of translation. Any solutes suitable for cell electroporation, which can
contain factors facilitating cellular permeability and viability such as sugars, peptides, lipids,
proteins, antioxidants, and surfactants can be included.

In some embodiments, the RNA encoding bispecific minibodies is electroporated into the
cells. In one embodiment, the RNA encoding bispecific minibodies is in vitro transcribed RNA.
The disclosed methods can be applied to the modulation of T cell activity in basic

research and therapy, in the fields of cancer, stem cells, acute and chronic infections, and
autoimmune diseases, including the assessment of the ability of the genetically modified T cell to
kill a target cancer cell.

The methods also provide the ability to control the level of expression over a wide range
by changing, for example, the promoter or the amount of input RNA, making it possible to
individually regulate the expression level. Furthermore, the PCR-based technique of mRNA
production greatly facilitates the design of the mRNAs with different structures and combination
of their domains.

One advantage of RNA transfection methods of the invention is that RNA transfection is
essentially transient and a vector-free. A RNA transgene can be delivered to a lymphocyte and
expressed therein following a brief in vitro cell activation, as a minimal expressing cassette
without the need for any additional viral sequences. Under these conditions, integration of the

transgene into the host cell genome is unlikely. Cloning of cells is not necessary because of the
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efficiency of transfection of the RNA and its ability to uniformly modify the entire lymphocyte
population.

Genetic modification of T cells with in vitro-transcribed RNA (IVT-RNA) makes use of
two different strategies both of which have been successively tested in various animal models.
Cells are transfected with in vitro-transcribed RNA by means of lipofection or electroporation. It
is desirable to stabilize IVT-RNA using various modifications in order to achieve prolonged
expression of transferred IVT-RNA.

Some IVT vectors are known in the literature which are utilized in a standardized manner
as template for in vitro transcription and which have been genetically modified in such a way
that stabilized RNA transcripts are produced. Currently protocols used in the art are based on a
plasmid vector with the following structure: a 5' RNA polymerase promoter enabling RNA
transcription, followed by a gene of interest which is flanked either 3" and/or 5' by untranslated
regions (UTR), and a 3' polyadenyl cassette containing 50-70 A nucleotides. Prior to in vitro
transcription, the circular plasmid is linearized downstream of the polyadenyl cassette by type II
restriction enzymes (recognition sequence corresponds to cleavage site). The polyadenyl
cassette thus corresponds to the later poly(A) sequence in the transcript. As a result of this
procedure, some nucleotides remain as part of the enzyme cleavage site after linearization and
extend or mask the poly(A) sequence at the 3' end. It is not clear, whether this nonphysiological
overhang affects the amount of protein produced intracellularly from such a construct.

RNA has several advantages over more traditional plasmid or viral approaches. Gene
expression from an RNA source does not require transcription and the protein product is
produced rapidly after the transfection. Further, since the RNA has to only gain access to the
cytoplasm, rather than the nucleus, and therefore typical transfection methods result in an
extremely high rate of transfection. In addition, plasmid based approaches require that the
promoter driving the expression of the gene of interest be active in the cells under study.

In another aspect, the RNA construct is delivered into the cells by electroporation. See,
e.g., the formulations and methodology of electroporation of nucleic acid constructs into
mammalian cells as taught in US 2004/0014645, US 2005/0052630A1, US 2005/0070841A1,
US 2004/0059285A1, US 2004/0092907A1. The various parameters including electric field
strength required for electroporation of any known cell type are generally known in the relevant

research literature as well as numerous patents and applications in the field. See e.g., U.S. Pat.
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No. 6,678,556, U.S. Pat. No. 7,171,264, and U.S. Pat. No. 7,173,116. Apparatus for therapeutic
application of electroporation are available commercially, e.g., the MedPulser™ DNA
Electroporation Therapy System (Inovio/Genetronics, San Diego, Calif.), and are described in
patents such as U.S. Pat. No. 6,567,694; U.S. Pat. No. 6,516,223, U.S. Pat. No. 5,993,434, U.S.
Pat. No. 6,181,964, U.S. Pat. No. 6,241,701, and U.S. Pat. No. 6,233,482; electroporation may
also be used for transfection of cells in vitro as described e.g. in US20070128708A1.
Electroporation may also be utilized to deliver nucleic acids into cells in vitro. Accordingly,
electroporation-mediated administration into cells of nucleic acids including expression
constructs utilizing any of the many available devices and electroporation systems known to
those of skill in the art presents an exciting new means for delivering an RNA of interest to a

target cell.

Sources of T Cells

The methods described herein also include obtaining T cells from a subject. Non-limiting
examples of subjects include humans, dogs, cats, mice, rats, and transgenic species thereof.
Preferably, the subject is a human. T cells can be obtained from a number of sources, including
peripheral blood mononuclear cells, bone marrow, lymph node tissue, spleen tissue, umbilical
cord, and tumors. In certain embodiments, any number of T cell lines available in the art, may
be used. In certain embodiments, T cells can be obtained from a unit of blood collected from a
subject using any number of techniques known to the skilled artisan, such as Ficoll separation.

In one embodiment, cells from the circulating blood of an individual are obtained by apheresis or
leukapheresis. The apheresis product typically contains lymphocytes, including T cells,
monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and
platelets. The cells collected by apheresis may be washed to remove the plasma fraction and to
place the cells in an appropriate buffer or media, such as phosphate buffered saline (PBS) or
wash solution lacks calcium and may lack magnesium or may lack many if not all divalent
cations, for subsequent processing steps. After washing, the cells may be resuspended in a
variety of biocompatible buffers, such as, for example, Ca-free, Mg-free PBS. Alternatively, the
undesirable components of the apheresis sample may be removed and the cells directly

resuspended in culture media.
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In another embodiment, T cells are isolated from peripheral blood by lysing the red blood
cells and depleting the monocytes, for example, by centrifugation through a PERCOLL™
gradient. Alternatively, T cells can be isolated from umbilical cord. In any event, a specific
subpopulation of T cells can be further isolated by positive or negative selection techniques.

The cord blood mononuclear cells so isolated can be depleted of cells expressing certain
antigens, including, but not limited to, CD34, CDS§, CD14, CD19 and CD56. Depletion of these
cells can be accomplished using an isolated antibody, a biological sample comprising an
antibody, such as ascites, an antibody bound to a physical support, and a cell bound antibody.

Enrichment of a T cell population by negative selection can be accomplished using a
combination of antibodies directed to surface markers unique to the negatively selected cells. A
preferred method is cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present
on the cells negatively selected. For example, to enrich for CD4+ cells by negative selection, a
monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16,
HLA-DR, and CDS8.

For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain
embodiments, it may be desirable to significantly decrease the volume in which beads and cells
are mixed together (i.e., increase the concentration of cells), to ensure maximum contact of cells
and beads. For example, in one embodiment, a concentration of 2 billion cells/ml is used. In one
embodiment, a concentration of 1 billion cells/ml is used. In a further embodiment, greater than
100 million cells/ml is used. In a further embodiment, a concentration of cells of 10, 15, 20, 25,
30, 35, 40, 45, or 50 million cells/ml is used. In yet another embodiment, a concentration of cells
from 75, 80, 85, 90, 95, or 100 million cells/ml is used. In further embodiments, concentrations
of 125 or 150 million cells/ml can be used. Using high concentrations can result in increased cell
yield, cell activation, and cell expansion.

T cells can also be frozen after the washing step, which does not require the monocyte-
removal step. While not wishing to be bound by theory, the freeze and subsequent thaw step
provides a more uniform product by removing granulocytes and to some extent monocytes in the
cell population. After the washing step that removes plasma and platelets, the cells may be

suspended in a freezing solution. While many freezing solutions and parameters are known in
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the art and will be useful in this context, in a non-limiting example, one method involves using
PBS containing 20% DMSO and 8% human serum albumin, or other suitable cell freezing
media. The cells are then frozen to -80°C at a rate of 1° per minute and stored in the vapor phase
of a liquid nitrogen storage tank. Other methods of controlled freezing may be used as well as
uncontrolled freezing immediately at -20°C or in liquid nitrogen.

In one embodiment, the population of T cells is comprised within cells such as peripheral
blood mononuclear cells, cord blood cells, a purified population of T cells, and a T cell line. In
another embodiment, peripheral blood mononuclear cells comprise the population of T cells. In

yet another embodiment, purified T cells comprise the population of T cells.

Therapy

The modified T cells comprising minibodies described herein may be included in a
composition for therapy. The composition may include a pharmaceutical composition and
further include a pharmaceutically acceptable carrier. A therapeutically effective amount of the
pharmaceutical composition comprising the modified T cells may be administered.

In one aspect, the invention includes a method for adoptive cell transfer therapy
comprising administering a population of modified T cells capable of expressing and secreting a
minibody to a subject in need thereof to prevent or treat an immune reaction adverse to the
subject. In another embodiment, the modified T cells further express a TCR, a CAR or a
bispecific minibody.

In another aspect, the invention includes a method of treating a disease or condition in a
subject comprising administering a population of modified T cells capable of expressing and
secreting a minibody to a subject in need thereof. The modified T cells express a nucleic acid
encoding a minibody comprising a secretion signal, a variable heavy chain fragment, a variable
light chain fragment and a constant chain fragment, and the modified T cells secrete the
minibody.

The modified T cells can be administered to an animal, preferably a mammal, even more
preferably a human, to treat a tumor, cancer or a condition related to cancer, such as various
cancers including but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical
cancer, skin cancer, pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer,

lymphoma, leukemia, lung cancer, thyroid cancer, and the like. In one aspect, the invention
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includes treating a condition, such as cancer, in a subject, comprising administering to the
subject a therapeutically effective amount of a pharmaceutical composition comprising a
population of modified T cells capable of expressing a minibody.

In another embodiment, the T cells capable of expressing a minibody described herein
may be used for the manufacture of a medicament for the treatment of an immune response in a
subject in need thereof.

Cells of the invention can be administered in dosages and routes and at times to be
determined in appropriate pre-clinical and clinical experimentation and trials. Cell compositions
may be administered multiple times at dosages within these ranges. Administration ofhe cells of
the invention may be combined with other methods useful to treat the desired disease or
condition as determined by those of skill in the art.

The cells of the invention to be administered may be autologous, allogeniec or xenogenic
with respect to the subject undergoing therapy.

The administration of the cells of the invention may be carried out in any convenient
manner known to those of skill in the art. The cells of the present invention may be administered
to a subject by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient
transarterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In other instances, the cells
of the invention are injected directly into a site of inflammation in the subject, a local disease site

in the subject, alymph node, an organ, a tumor, and the like.

Pharmaceutical compositions

Pharmaceutical compositions of the present invention may comprise a modified T cell
population capable of expressing a minibody as described herein, in combination with one or
more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions may comprise buffers such as neutral buffered saline, phosphate buffered saline
and the like; carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins;
polypeptides or amino acids such as glycine; antioxidants; chelating agents such as EDTA or
glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives. Compositions of the

present invention are preferably formulated for intravenous administration.
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Pharmaceutical compositions of the present invention may be administered in a manner
appropriate to the disease to be treated (or prevented). The quantity and frequency of
administration will be determined by such factors as the condition of the patient, and the type
and severity of the patient’s disease, although appropriate dosages may be determined by clinical
trials.

It can generally be stated that a pharmaceutical composition comprising the modified T
cells described herein may be administered at a dosage of 10* to 10° cells/kg body weight,
preferably 10°to 10° cells/kg body weight, including all integer values within those ranges. T
cell compositions may also be administered multiple times at these dosages. The cells can be
administered by using infusion techniques that are commonly known in immunotherapy (see,
e.g., Rosenberg et al., New Eng. J. of Med. 319:1676, 1988). The optimal dosage and treatment
regime for a particular patient can readily be determined by one skilled in the art of medicine by
monitoring the patient for signs of disease and adjusting the treatment accordingly.

In certain embodiments, it may be desired to administer modified T cells to a subject and
then subsequently redraw blood (or have an apheresis performed), isolate T cells therefrom and
further modify the T cells according to the present invention, and reinfuse the patient with these
modified T cells. This process can be carried out multiple times every few weeks. In certain
embodiments, T cells can be obtained from blood draws of from 10 ml to 400 ml. In certain
embodiments, T cells are obtained from blood draws of 20 ml, 30 ml, 40 ml, 50 ml, 60 ml, 70
ml, 80 ml, 90 ml, or 100 ml. Not to be bound by theory, using this multiple blood draw/multiple
reinfusion protocol, may select out certain populations of T cells.

In certain embodiments of the present invention, T cells are administered to a patient in
conjunction with (e.g., before, simultaneously or following) any number of relevant treatment
modalities, including but not limited to treatment with agents such as antiviral therapy, cidofovir
and interleukin-2, Cytarabine (also known as ARA-C) or natalizumab treatment for MS patients
or efalizumab treatment for psoriasis patients or other treatments for PML patients. In further
embodiments, the T cells of the invention may be used in combination with chemotherapy,
radiation, immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate,
mycophenolate, and FK506, antibodies, or other immunoablative agents such as CAM PATH,
anti-CD3 antibodies or other antibody therapies, cytoxin, fludaribine, cyclosporin, FK506,

rapamycin, mycophenolic acid, steroids, FR901228, cytokines, and irradiation. These drugs
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inhibit either the calcium dependent phosphatase calcineurin (cyclosporine and FK506) or inhibit
the p70S6 kinase that is important for growth factor induced signaling (rapamycin). (Liu et al.,
Cell 66:807-815, 1991; Henderson et al., Immun. 73:316-321, 1991; Bierer et al., Curr. Opin.
Immun. 5:763-773, 1993). In a further embodiment, the cell compositions of the present
invention are administered to a patient in conjunction with (e.g., before, simultaneously or
following) bone marrow transplantation, T cell ablative therapy using either chemotherapy
agents such as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or
antibodies such as OKT3 or CAMPATH. In another embodiment, the cell compositions of the
present invention are administered following B-cell ablative therapy such as agents that react
with CD20, e.g., Rituxan. For example, in one embodiment, subjects may undergo standard
treatment with high dose chemotherapy followed by peripheral blood stem cell transplantation.
In certain embodiments, following the transplant, subjects receive an infusion of the expanded
immune cells of the present invention. In an additional embodiment, expanded cells are
administered before or following surgery.

The dosage of the above treatments to be administered to a patient will vary with the
precise nature of the condition being treated and the recipient of the treatment. The scaling of
dosages for human administration can be performed according to art-accepted practices. The
dose for CAMPATH, for example, will generally be in the range 1 to about 100 mg for an adult
patient, usually administered daily for a period between 1 and 30 days. The preferred daily dose
is 1 to 10 mg per day although in some instances larger doses of up to 40 mg per day may be
used (described in U.S. Patent No. 6,120,766).

It should be understood that the method and compositions that would be useful in the
present invention are not limited to the particular formulations set forth in the examples. The
following examples are put forth so as to provide those of ordinary skill in the art with a
complete disclosure and description of how to make and use the cells, expansion and culture
methods, and therapeutic methods of the invention, and are not intended to limit the scope of
what the inventors regard as their invention.

The practice of the present invention employs, unless otherwise indicated, conventional
techniques of molecular biology (including recombinant techniques), microbiology, cell biology,
biochemistry and immunology, which are well within the purview of the skilled artisan. Such

techniques are explained fully in the literature, such as, “Molecular Cloning: A Laboratory
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Manual”, fourth edition (Sambrook, 2012); “Oligonucleotide Synthesis” (Gait, 1984); “Culture
of Animal Cells”(Freshney, 2010); “Methods in Enzymology” “Handbook of Experimental
Immunology”(Weir, 1997); “Gene Transfer Vectors for Mammalian Cells”(Miller and Calos,
1987); “Short Protocols in Molecular Biology”(Ausubel, 2002); “Polymerase Chain Reaction:
Principles, Applications and Troubleshooting”,(Babar, 2011); “Current Protocols in
Immunology”(Coligan, 2002). These techniques are applicable to the production of the
polynucleotides and polypeptides of the invention, and, as such, may be considered in making
and practicing the invention. Particularly useful techniques for particular embodiments will be

discussed in the sections that follow.

EXPERIMENTAL EXAMPLES

The invention is further described in detail by reference to the following experimental
examples. These examples are provided for purposes of illustration only, and are not intended to
be limiting unless otherwise specified. Thus, the invention should in no way be construed as
being limited to the following examples, but rather, should be construed to encompass any and
all variations which become evident as a result of the teaching provided herein.

Without further description, it is believed that one of ordinary skill in the art can, using
the preceding description and the following illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. The following working
examples therefore, specifically point out the preferred embodiments of the present invention,
and are not to be construed as limiting in any way the remainder of the disclosure.

The materials and methods employed in these experiments are now described.

Flow Cytometry Analysis. Tumor cells were cultured in the absence or presence of IFN-y
(R&D systems, Minneapolis, MN) at 20ng/ml for 24hrs before the cells were harvested for
staining with PDL1-PE (BioLegend). Live cells were gated on the live cell population by
forward scatter/side scatter (FSC/SSC) and then PDL-1 positivity by PE expression. K562 cells
and K562 PDL1/CD19 cells were stained with PDL1- PE (BioLegend, San Diego, CA) and
CD19-PacBlue (Life Technologies, Carlsbad, CA). Live cells were gated on the live cell
population by forward scatter/side scatter (FSC/SSC) and then PDL1 and CD19 positivity by PE

and PacBlue expression. For the in-direct detection of antibody fragments and detection of CAR
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cells, cells were stained with biotin anti-human IgG1 (Jackson ImmunoReasearch, West Grove,
PA) and then a strep-avidin secondary antibody (BD, Franklin Lakes, NJ).

Intracellular cytokine analysis. CAR-transduced or untransduced T cells were cocultured
with target cells (tumors, cell lines, or human primary cells) in a 1:1 ratio at 2 x 10%/ml in 96-
well round bottom tissue culture plates at 37°C, 5% CO, for 6 hours in RPMI 1640 plus 10%
FBS in the presence of Golgi inhibitors, monensin and brefeldin A. Cells were washed, stained
with live/dead viability stain, followed by surface staining for CD3, then fixed and
permeabilized, and intra- cellularly stained for IFN-y, TNF-a, and IL-2. Cells were analyzed on a
LSRII (BD) and gated on live, single-cell lymphocytes and CD3-positive lymphocytes.

CFSE Proliferation. T cells were electroporated with mRNA and after 24hrs were
harvested and labeled with 5 mM carboxyfluorescein diacetate succinimidyl ester (CFSE) (Life
Technologies), then plated in a 96-well plate at 1:1 ratio of T cells to tumor cells (K562
PDL1/CD19), and incubated for analysis by flow cytometry at day 2, day 4, day 8. All cells were
harvested and stained with CD3 to identify T cells and then gated CFSE-positive to determine
proliferation of T cells. Samples were acquired on LSR II, and data were analyzed with FlowJo
v8.8.7 (TreeStar, Ashland, OR).

Antibody Generation. Sequences were synthesized via Gene Art (Life Technologies,
Carlsbad, CA) and then cloned into pTRPE lentivial vectors, pPGEM.64A-based vector, using
xbal & sall restriction sites. Strep-tagll (WSHPQFEK) was added to the c-terminus of the
antibody fragments by PCR.

Isolation, Electroporation, and Expansion of Primary Human T Lymphocytes. Isolated T
cells were obtained from leukapheresis products from healthy donors under an institutional
review board — approved protocol. T cells were stimulated with Dynabeads Human T-Activator
CD3/CD28 (Life Technologies, Carlsbad, CA) at a bead to cell ratio of 3:1 (first stimulation). T
cells were cultured in RPMI 1640 medium supplemented with 10% fetal calf serum, hepes buffer
(20 mM), and penicillin and streptomycin (1%). The end of the first stimulation was determined
on the basis of a decrease of log-phase growth and a reduction of mean lymphocytic volume to
300 to 330 {1 as measured on a Coulter Multisizer (Beckman Coulter, Sharon Hill, PA), typically
about 10 days after stimulation, at which point cells were frozen down for use at a later time.

For preparation of in-vitro-transcribed (IVT) RNA, the CAR-encoding gene constructs
were subcloned into the pGEM.64A-based vector. mRNA was prepared using T7 MSCRIPT™
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Standard mRNA Production System (Cell Script, Madison, WI). Using the BTX CM380
(Harvard Apparatus BTX, Cambridge, MA) electroporation machine, the IVT RNA was
introduced into the T cells at a ratio of 1 pg RNA per 10° cells. Cells were allowed to rest for
24hrs before use in functional assays.

Mouse models. All mouse experiments were conducted according to Institutional Animal
Care and Use Committee (IACUC)—approved protocols. For orthotopic models, 1 x 10* D270-
luc+ cells were implanted intracranially into 6- to 8-week-old female NSG mice, with 10 mice
per group. The stereotactic surgical implants with tumor cells were implanted 1 mm right and 1
mm anterior to the bregma with a 3 mm depth into the brain. Before surgery and for 3 days after
surgery, mice were treated with an analgesic and monitored for adverse symptoms in accordance
with the JACUC. Three days post-surgery, mice were injected with 5x10°CAR T positive cells
in 100 pl of PBS intravenously via the tail vein. Bioluminescent measurements were used as a
surrogate for tumor volume.

In subcutaneous models, NSG mice were injected with 5.0 x 10° U87-vIIl/luc+ tumors
subcutaneously in 100 pl of PBS on day 0. Tumor progression was evaluated by luminescence
emission on a Xenogen IVIS Spectrum after intraperitoneal D-luciferin injection according to the
manufacturer’s directions (GoldBio, St. Louis, MO). Additionally, tumor size was measured by
calipers in three dimensions, L x W x H, for the duration of the experiment. Mice were treated
with 3.0 x 10° CAR positive T cells or a matched number of untransduced T cells intravenously
via tail vein in 100 pul of PBS 7 days post subcutaneous tumor injections. Survival was followed
over time until predetermined IACUC-approved endpoint was reached (n = 10 mice per group).

Cell lines and culture. The human glioma cell lines U87 and U87-EGFRVIII and the
human D270 glioblastoma xenograft were kindly provided by Dr. Darell Bigner of Duke
University, Durham NC. These cell lines were lentivirally transduced to express the click beetle
green luciferase and green fluorescent protein (GFP) under control of the EF-1a promoter. At 48
hours after transduction, cells were sorted on an Influx cell sorter (BD Biosciences) on the basis
of GFP expression and cells evaluated as 100% GFP- positive were subsequently expanded.
These cells were cultured in MEM (Richter's modification), no phenol red with 10% fetal bovine
serum (FBS), hepes buffer (20 mM), GlutaMax (100x), sodium pyruvate (1mM) and penicillin
and streptomycin (1%).
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PD1 Minibody. The PD1 minibody was designed based on the variable region of the
heavy and light of PD1-17 as disclosed in U.S. Patent No. 7,488,802. The other elements were
based on human IgG1 and the CH3 domain from the protein, PO1857, in the UniProt database.
PD1-PDLI1 bispecific was designed based on the scFv for PD1 as described herein for the PD1
minibody and the PDL1 scFv was based on PDL1 in International Patent No. WO2007005874
A2. Both proteins contain a secretion sequence based on the T84.66 light chain leader sequence.

The results of the experiments are now described.

Figure 1 is a panel of graphs showing that PDL1 expression was upregulated in tumor
cell lines in response to IFNg. Various cell lines were stained for PDL1 expression using anti-
PDLI-PE both at normal culture conditions and then at 24 hours post-treatment with 20ng/ml of
IFNg. Tumor cells can upregulate PDL1 upon treatment with INFg. This is important to note
because when endogenous or synthetic T cells (CAR T cells) are activated to attack tumors, the
tumors respond by upregulating PDL1 to inhibit T cell function and lead to immune evasion.

Figure 2 shows a schematic representation of the design of PD1 minibody and PD1-
PDL1 bispecific minibody fragments for T cell secretion.

Figure 3 is an image showing the PD1 minibody amino acid sequence (SEQ ID NO:1).
The secretion signal comprises an amino acid sequence corresponding to SEQ ID NO:2. The
linker comprises an amino acid sequence corresponding to SEQ ID NO:3. The hinge comprises
an amino acid sequence corresponding to SEQ ID NO:4. The constant chain fragment from IgG
comprises an amino acid sequence SEQ ID NO:5. The variable heavy chain fragment comprises
an amino acid sequence SEQ ID NO:6. The variable light chain fragment comprises an amino
acid sequence (SEQ ID NO:7).

Figure 4 is an image showing the PD1-PDL1 bispecific minibody amino acid sequence
(SEQ ID NO:8).

Figure 5 is a schematic illustration of a system used to test PD1 minibody or PD1-PDL1
bispecific minibody. T cells expressing CD19 specific CARs in the presence or absence of PD1
minibody or PD1-PDLI1 bispecific minibody are mixed with K562 cells expressing CD19
(antigen) and PDL1 (negative signal for T cells). The CAR T cells are shown to have three
possible outcomes. CAR T cells with no PD1 expression have antigen specific activation after
interaction with the K562 cells. CAR T cells with PD1 expression have reduced antigen specific
activation after interaction with the K562 cells. CAR T cells with PD1 expression and PD1
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minibody or PD1-PDLI1 bispecific minibody expression have rescued antigen specific activation
after interaction with the K562 cells.

Figure 6 is a graph showing K562 target cells expressing CD19 and PDL1. K562 WT or
K562 CD19/PDLI cells were stained with anti-CD19 PacBlue and anti-PDL1 PE to show that
the K562 target cells expressed CD19 and PDL1.

Figure 7 is a panel of graphs showing the results of testing CAR T cells expressing PD1
minibody or PD1-PDL1 bispecific minibody in a CFSE proliferation assay after culturing with
K562 cells. T cells were electroporated with mRNA: CD19z CAR, CD19z CAR+PD1, CD19z
CAR+PD1+4+PD1 minibody, and then labeled with CFSE. The CFSE labeled T cells were
cultured 1:1 with target K562 CD19/PDL1 cells. These cultures were then assayed for
proliferation by CESE dilution. Data shown is from day 8. These data show that the secreted
PD1 minibody or PD1-PDL1 bispecific minibody can rescue proliferation of CAR T cells that
were inhibited by the T cells expressing PD1.

Figure 8 is a panel of images and graphs showing detection of PD1 minibody or PD1-
PDLI1 bispecific minibody on T cells. T cells were electroporated with mRNA (PD1, PD1 and
PD1 minibody, and PD1 and PD1-PDLI1 bispecific minibody) as specified. The T cells were
stained with biotin anti-human IgG1 and then streptavidin PE. Biotin anti-human IgG1
specifically detected PD1 minibody or PD1-PDL1 bispecific minibody when the cells expressed
PD1. PDI1 expressed on the T cell acted as an anchor for the secreted antibodies to bind that
would otherwise not interact with the T cell. This data shows that the PD1 minbody and PD1-
PDLI1 bispecific minibodies were secreted by the T cells and capable of binding PD1 expressing
T cells, after staining with anti-human IgG1 and detection by flow cytometry.

Figure 9 is a graph showing that PD1 minibody or PD1-PDL1 bispecific minibody
rescued PD1/PDL1 specific inhibition of CAR T cells. PD1 minibody abbreviated as Mi and
PD1-PDLI1 bispecific minibody abbreviated as Bi. Cells were analyzed by six-color flow
cytometry (Becton Dickinson Fortessa or LSR II) and gated on live, single-cell CD3 positive
lymphocytes. Only IL-2 data shown but similar results were obtained for TNFa and IFNg. These
data show that T cells expressed and secreted PD1 minbody and PD1-PDL1 bispecific
minibodies. Also, antigen specific activation of PD1 expressing CAR T cells was detected after

the T cells encountered their cognate antigen.
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Figure 10 is a panel of images showing the constructs expressed in human T cells and
protein expression. Shown in the figures are the CAR plasmids expressed in human T cells.
tdTomato was used as a surrogate for CAR expression in 3C10BBz expressing cells. The 19BBz
cells were stained with primary biotin anti-mouse Fab and streptavidin secondary antibody.

Figure 11 is a graph showing in vitro testing of different bulk lots of CAR transduced T
cell function in an intracellular cytokine staining (ICS) assay. The data shows that the CAR T
cells were functional by ICS. Cells were analyzed by six-color flow cytometry (Becton
Dickinson Fortessa or LSR 1I) and gated on live, single-cell lymphocytes. Only IL-2 data shown
but the results are similar for TNFa and IFNg. These data show that the CAR T cells used for in
vivo experiments are functional only in the presence of cognate antigen.

Figure 12 is a panel of images showing the constructs and in vivo assay used to test CAR
T cells expressing minibodies.

Figure 13 is a graph showing mean tumor volumes in tumor-bearing NSG mice injected
with CAR T cells expressing or not expressing PD1 minibodies. Mice injected with non-specific
CD19 CAR T cells had fast-growing tumors. Mice injected with 3C10 (EGFRvVIII) CAR T cells
showed delayed tumor growth compared with CD19 CAR treated mice. Mice injected with
3C10 PD1 minibody secreting T cells showed statistically improved tumor treatment over 3C10
CAR alone.

Figure 14 is a graph showing tumor volumes in individual NSG mice injected with CAR
T cells expressing minibodies. 10/10 mice injected with CART19 T cells showed rapid tumor
growth; 2/10 mice injected with 3C10 CAR T cells were cured of tumor, with 7/8 remaining
mice showing slowed tumor progression compared with CART19 treated mice; 8/10 mice
injected with PD1 minibody secreting 3C10 CARs were cured, with 1/2 remaining showing
reduced tumor progression.. Note that 3C10BBz+PD1 minibody lines are not visible because
they are zero. Mice injected with 3C10 PD1 minibody secreting T cells showed statistically
improved tumor treatment over 3C10 CAR alone.

Figure 15 is a graph showing bioluminescent imaging (BLI) of mean tumor emissions in
NSG mice injected with CAR T cells expressing minibodies. Mice injected with 19BBz CAR T
cells or 3C10 CAR T cells developed tumors that emitted higher BLI than the tumors in mice
injected with 3C10 CAR T cells + PD1 minibody.
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Figure 16 is a graph showing mean BLI of tumorsin individual NSG mice injected with
CAR T cells expressing minibodies. Mice injected with 19BBz CAR T cells or 3C10 CAR T
cells developed tumors that grew significantly larger than mice injected with 3C10 CAR T cells
+ PD1 minibody. Note that lines that represent mice injected with 3C10BBz T cells + PD1
minibody lines are not visible because they have values substantially equal to background.

Figure 17 is a graph showing overall survival of mice injected with CAR T cells with or
without PD1 minibody. Mice injected with tumor specific 3C10BBz CAR T cells lived
significantly longer than mice treated with non-specific CD19BBz CAR T cells. Mice that
received 3C10BBz T cells with PD1 minibody lived significantly longer than 3C10BBz CAR T
cell treated mice. (P=0.0024). All CD19 CAR treated mice died by 25 days. Median survival of
3C10 CAR treated mice was 33 days, while median survival of 3C10 plus PD1 minibody mice
was not reached. 1/10 3C10BBz T cell treated mice lived beyond 70 days while 8/10 3C10BBz T
cells + minibody mice lived beyond 70 days (duration of study). (3C10BBz only vs 19BBz
P<0.001 & 3C10BBz+PD1 minibody vs 19BBz P<0.0001).

Figure 18 is a panel of images showing the constructs and in vivo assay used to test
minibodies in the D270IC model.

Figure 19 is a panel of graphs showing expression of EGFRVIII in D270 cells. D270
human GBM xenograft cells were cultured without or with 20 ng/ml IFNg for 24 hours and then
stained with anti-EGFRVIII antibody (3C10scFv with a rabbit IgG) and anti-rabbit secondary.
D270 shows endogenous expression of EGFRVIII that was not changed significantly upon
exposure to IFNg.

Figure 20 is a panel of graphs showing expression of PDL1 in D270 cells. D270 human
GBM xenograft cells were cultured without or with 20ng/ml IFNg for 24 hours and stained with
anti-PDL1 PE. At baseline, D270 has minor expression of PDL1, which was upregulated after
exposure to IFNg.

Figure 21 is a graph showing overall survival of NSG mice orthotopically implanted with
D270 GBM, then treated with intravenous delivery of CAR T cells that do or do not express PD1
minibodies. Mice treated with 3C10 CARs showed improved survival compared with mice
receiving non-specific T cells (70% versus 30% survival at 30 days), and mice receiving 3C10
CARs secreting PD1 minibody showed further increased survival, with 90% of animals alive at

30 days.
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Figure 22 is an illustration of epitope tagged minibody and bispecific minibody for use in
blocking human PD1/PDL1. A strep-tagll was added to the c-terminus of both the PD1
minibody and PD1/PDL1 bispecific minibody. The strep-tagll has an amino acid sequence of
SEQ ID NO:9.

Figure 23 is a panel of images showing the strep-tagll constructs and detection of the
strep-tagll in the media of 293T cells. The strep-tagged PD1 minibody was detected in the
media of 293T cells. Shown is a western blot of the media from 293T cells that stably expressed
the constructs shown. The proteins were purified with a step-tactin column to enrich for the
tagged proteins. The columns were eluted in 5 fractions and shown is the strep-tagll tagged PD1
minibody detected in fractions 3-5. These data show that the strep-tagll PD1 minibody is
secreted from cells and can be purified and detected in the supernatant of cultured cells.

The specific minibodies demonstrated here include a minibody targeted to bind to and
block PD1 signaling on immune effector cells (including T lymphocytes), and a bispecific
minibody with one portion targeting and blocking PD1 on effector T cells and another portion
targeting and blocking PDL1 on target (e.g., cancer or immune-suppressive) cells. These
minibodies are encoded into DNA or RNA and delivered into lymphocytes to genetically
engineer them to produce and secrete these minibodies in vivo, effectively providing a long-term
continued supply of minibody at the site of disease, and reducing systemic toxicity caused by

high doses of exogenously supplied drugs.

Other Embodiments
The disclosures of each and every patent, patent application, and publication cited herein

are hereby incorporated herein by reference in their entirety. While this invention has been
disclosed with reference to specific embodiments, it is apparent that other embodiments and
variations of this invention may be devised by others skilled in the art without departing {from the
true spirit and scope of the invention. The appended claims are intended to be construed to

include all such embodiments and equivalent variations.
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CLAIMS

What is claimed is:

1. A modified T cell comprising a nucleic acid encoding a minibody, wherein the minibody
comprises a single chain antibody comprising a secretion signal, a variable heavy chain
fragment, a variable light chain fragment, a constant chain fragment and a minibody
hinge domain between the variable light chain fragment and the constant chain fragment,

wherein the modified T cell expresses and secretes the minibody.

2. The modified T cell of claim 1 further comprising a nucleic acid encoding a chimeric

antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody.

3. The modified T cell of claim 2, wherein the CAR, TCR, or bispecific minibody is capable
of binding to a tumor antigen, and the variable heavy chain fragment and the variable

light chain fragment of the minibody bind the same tumor antigen.

4. The modified T cell of claim 2, wherein the CAR comprises an antigen binding domain, a

transmembrane domain, and an intracellular signalling domain.

5. The modified T cell of claim 4, wherein the intracellular domain comprises a primary
signaling domain, a costimulatory domain, or both of a primary signaling domain and a

costimulatory domain.

6. The modified T cell of claim 5, wherein the primary signaling domain comprises a
functional signaling domain of one or more proteins selected from the group consisting of
CD3 zeta, CD3 gamma, CD3 delta, CD3 epsilon, common FcR gamma (FCER1G), FcR
beta (Fc Epsilon R1b), CD79a, CD79b, Fcgamma RIla, DAP10, and DAP12.

7. The modified T cell of claim 4, wherein the costimulatory domain comprises a functional
domain of one or more proteins selected from the group consisting of CD27, CD28, 4-
1BB (CD137), 0X40, CD30, CD40, PD-1, ICOS, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that specifically binds
with CD83, CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80
(KLRF1), CD160, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R gamma, IL7R
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alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD,
CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b, ITGAX, CDl11c,
ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, TRANCE/RANKL, DNAM1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9
(CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A,
Ly108), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMFS), SELPLG (CD162),
LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44, NKp30, NKp46, and NKG2D.

The modified T cell of any of claims 4-7, wherein the antigen binding domain binds a

tumor antigen.

The modified T cell of claim 8, wherein the tumor antigen is selected from the group
consisting of: CD19; CD123; CD22; CD30; CD171; CS-1 (also referred to as CD2 subset
1, CRACC, SLAMF7, CD319, and 19A24); C-type lectin-like molecule-1 (CLL-1 or
CLECL1); CD33; epidermal growth factor receptor variant III (EGFRVIII); ganglioside
G2 (GD2); ganglioside GD3 (aNeu5Ac(2-8)aNeuSAc(2-3)bDGalp(1-4)bDGlcp(1-1)Cer);
TNF receptor family member B cell maturation (BCMA); Tn antigen ((Tn Ag) or
(GalNAca-Ser/Thr)); prostate-specific membrane antigen (PSMA); Receptor tyrosine
kinase-like orphan receptor 1 (ROR1); Fms-Like Tyrosine Kinase 3 (FLT3); Tumor-
associated glycoprotein 72 (TAG72); CD38; CD44v6; Carcinoembryonic antigen (CEA);
Epithelial cell adhesion molecule (EPCAM); B7H3 (CD276); KIT (CD117); Interleukin-
13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2); Mesothelin; Interleukin 11 receptor
alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease Serine 21 (Testisin or
PRSS21); vascular endothelial growth factor receptor 2 (VEGFR2); Lewis(Y) antigen;
CD24; Platelet-derived growth factor receptor beta (PDGFR-beta); Stage-specific
embryonic antigen-4 (SSEA-4); CD20; Folate receptor alpha; Receptor tyrosine-protein
kinase ERBB2 (Her2/neu); Mucin 1, cell surface associated (MUC1); epidermal growth
factor receptor (EGFR); neural cell adhesion molecule (NCAM); Prostase; prostatic acid
phosphatase (PAP); elongation factor 2 mutated (ELF2M); Ephrin B2; fibroblast
activation protein alpha (FAP); insulin-like growth factor 1 receptor (IGF-I receptor),
carbonic anhydrase IX (CAIX); Proteasome (Prosome, Macropain) Subunit, Beta Type, 9
(LMP2); glycoprotein 100 (gp100); oncogene fusion protein consisting of breakpoint
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cluster region (BCR) and Abelson murine leukemia viral oncogene homolog 1 (Abl) (ber-
abl); tyrosinase; ephrin type-A receptor 2 (EphA2); Fucosyl GM1; sialyl Lewis adhesion
molecule (sLe); ganglioside GM3 (aNeu5Ac(2-3)bDGalp(1-4)bDGlcp(1-1)Cer);
transglutaminase 5 (TGSS5); high molecular weight-melanoma-associated antigen
(HMWMAA); o-acetyl-GD2 ganglioside (OAcGD2); Folate receptor beta; tumor
endothelial marker 1 (TEM1/CD248); tumor endothelial marker 7-related (TEM7R);
claudin 6 (CLDNG6); thyroid stimulating hormone receptor (TSHR); G protein-coupled
receptor class C group 5, member D (GPRC5D); chromosome X open reading frame 61
(CXORFo61); CD97; CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid;
placenta-specific 1 (PLAC1); hexasaccharide portion of globoH glycoceramide
(GloboH); mammary gland differentiation antigen (NY-BR-1); uroplakin 2 (UPK2);
Hepatitis A virus cellular receptor 1 (HAVCR1); adrenoceptor beta 3 (ADRB3);
pannexin 3 (PANX3); G protein-coupled receptor 20 (GPR20); lymphocyte antigen 6
complex, locus K 9 (LY6K); Olfactory receptor S1E2 (OR51E2); TCR Gamma Alternate
Reading Frame Protein (TARP); Wilms tumor protein (WT1); Cancer/testis antigen 1
(NY-ESO-1); Cancer/testis antigen 2 (LAGE-1a); Melanoma-associated antigen 1
(MAGE-A1); ETS translocation-variant gene 6, located on chromosome 12p (ETV6-
AML); sperm protein 17 (SPA17); X Antigen Family, Member 1A (XAGE1);
angiopoietin-binding cell surface receptor 2 (Tie 2); melanoma cancer testis antigen-1
(MAD-CT-1); melanoma cancer testis antigen-2 (MAD-CT-2); Fos-related antigen 1;
tumor protein p53 (p53); p53 mutant; prostein; survivin; telomerase; prostate carcinoma
tumor antigen-1 (PCTA-1 or Galectin 8), melanoma antigen recognized by T cells 1
(MelanA or MART1); Rat sarcoma (Ras) mutant; human Telomerase reverse
transcriptase (WTERT); sarcoma translocation breakpoints; melanoma inhibitor of
apoptosis (ML-IAP); ERG (transmembrane protease, serine 2 (TMPRSS2) ETS fusion
gene); N-Acetyl glucosaminyl-transferase V (NA17); paired box protein Pax-3 (PAX3);
Androgen receptor; Cyclin B1; v-myc avian myelocytomatosis viral oncogene
neuroblastoma derived homolog (MYCN); Ras Homolog Family Member C (RhoC);
Tyrosinase-related protein 2 (TRP-2); Cytochrome P450 1B1 (CYP1B1); CCCTC-
Binding Factor (Zinc Finger Protein)-Like (BORIS or Brother of the Regulator of
Imprinted Sites), Squamous Cell Carcinoma Antigen Recognized By T Cells 3 (SART3);
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Paired box protein Pax-5 (PAXS); proacrosin binding protein sp32 (OY-TES1);
lymphocyte-specific protein tyrosine kinase (LCK); A kinase anchor protein 4 (AKAP-
4); synovial sarcoma, X breakpoint 2 (SSX2); Receptor for Advanced Glycation
Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal ubiquitous 2 (RU2); legumain;
human papilloma virus E6 (HPV E6); human papilloma virus E7 (HPV E7); intestinal
carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2); CD79a; CD79b;
CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1); Fc fragment of
IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor subfamily A
member 2 (LILRA2); CD300 molecule-like family member { (CD300LF); C-type lectin
domain family 12 member A (CLEC12A); bone marrow stromal cell antigen 2 (BST2);
EGF-like module-containing mucin-like hormone receptor-like 2 (EMR2); lymphocyte
antigen 75 (LY75); Glypican-3 (GPC3); Fc receptor-like 5 (FCRLS5); and
immunoglobulin lambda-like polypeptide 1 (IGLL1).

The modified T cell of claim 8, wherein the tumor antigen is selected from CD150, 5T4,
ActRITA, B7, BMCA, CA-125, CCNA1, CD123, CD126, CD138, CD14, CD148, CD15,
CD19, CD20, CD200, CD21, CD22, CD23, CD24, CD25, CD26, CD261, CD262, CD30,
CD33, CD362, CD37, CD38, CD4, CD40, CD40L, CD44, CD46, CD5, CD52, CDS53,
CD54, CD56, CD66a-d, CD74, CDS, CD80, CD92, CE7, CS-1, CSPG4, ED-B
fibronectin, EGFR, EGFRVIII, EGP-2, EGP-4, EPHa2, ErbB2, ErbB3, ErbB4, FBP,
GD2, GD3, HER1-HER?2 in combination, HER2-HER3 in combination, HERV-K, HIV-
1 envelope glycoprotein gp120, HIV-1 envelope glycoprotein gp41, HLA-DR, HM1.24,
HMW-MAA, Her2, Her2/neu, IGF-1R, IL-11Ralpha, IL-13R-alpha2, IL-2, IL-22R-
alpha, IL-6, IL-6R, Ia, Ii, LI-CAM, L1-cell adhesion molecule, Lewis Y, LI-CAM,
MAGE A3, MAGE-A1, MART-1, MUC1, NKG2C ligands, NKG2D Ligands, NY-ESO-
1, OEPHa2, PIGF, PSCA, PSMA, ROR1, T101, TAC, TAG72, TIM-3, TRAIL-R1,
TRAIL-R1 (DR4), TRAIL-R2 (DRS), VEGF, VEGFR2, WT-1, a G-protein coupled
receptor, alphafetoprotein (AFP), an angiogenesis factor, an exogenous cognate binding
molecule (ExoCBM), oncogene product, anti-folate receptor, c-Met, carcinoembryonic
antigen (CEA), cyclin (D1), ephrinB2, epithelial tumor antigen, estrogen receptor, fetal
acethycholine e receptor, folate binding protein, gp100, hepatitis B surface antigen, kappa

chain, kappa light chain, kdr, lambda chain, livin, melanoma-associated antigen,
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mesothelin, mouse double minute 2 homolog (MDM?2), mucin 16 (MUC16), mutated
pS3, mutated ras, necrosis antigens, oncofetal antigen, ROR2, progesterone receptor,
prostate specific antigen, tEGFR, tenascin, f2-Microglobulin, Fc Receptor-like 5
(FcRLS),or molecules expressed by HIV, HCV, HBV, or other pathogens.

The modified T cell of claim 8, wherein the tumor antigen is a solid tumor antigen, e.g.,

mesothelin.

The modified T cell of claim 8, wherein the tumor antigen is expressed in a solid tumor

that also expresses an immune checkpoint inhibitor, e.g., PD-L1.

The modified T cell of any of claim 4, wherein the antigen binding domain comprises an
antibody, an antibody fragment, an scFv, a Fv, a Fab, a (Fab’)2, a single domain antibody

(SDAB), a VH or VL domain, or a camelid VHH domain.

The modified T cell of any of claims 4, wherein the transmembrane domain comprises a
transmembrane domain of a protein selected from the group consisting of the alpha, beta
or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CDS, CD9,
CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154, KIRDS2,
0X40, CD2, CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB (CD137), GITR,
CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, IL2R
beta, IL2R gamma, IL7R o, ITGA1, VLAL, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-
6, CD491, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b,
ITGAX, CDl11c, ITGBI, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, DNAM1
(CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAMI, CRTAM, Ly9
(CD229), CD160 (BYSS5), PSGL1, CD100 (SEMA4D), SLAMF6 (NTB-A, Ly108),
SLAM (SLAMF]1, CD150, IPO-3), BLAME (SLAMEFS), SELPLG (CD162), LTBR,
PAG/Cbp, NKp44, NKp30, NKp46, NKG2D, and NKG2C.

The modified T cell of any of claims 4, wherein the antigen binding domain is connected

to the transmembrane domain by a CAR hinge region.

The modified T cell of any of claims 4, wherein the nucleic acid encoding the CAR

further encodes a leader sequence.
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The modified T cell of any of claims 1-3, wherein the minibody binds to an immune

checkpoint molecule.

The modified T cell of claim 17, wherein the immune checkpoint molecule is selected
from the group consisting of Programmed Death 1 (PD-1), PD-1, PD-L1, PD-L2,
Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), TIM-3, CEACAM (e.g., CEACAM-1,
CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,
CD80, CD86, B7-H1, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or
CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGFR (e.g.,
TGER beta).

The modified T cell of claim 18, wherein the immune checkpoint molecule is

Programmed Death 1 (PD-1).

The modified T cell of claim 4, wherein the minibody is a bispecific minibody.

The modified T cell of claim 20, wherein the bispecific minibody binds to two immune
checkpoint molecules selected from the group consisting of Programmed Death 1 (PD-1),
PD-1, PD-L1, PD-L2, Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), TIM-3, CEACAM
(e.g., CEACAM-1, CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT,
LAIR1, CD160, 2B4, CD80, CD86, B7-H1, B7-H3 (CD276), B7-H4 (VTCN1), HVEM
(TNFRSF14 or CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and
TGFR (e.g., TGFR beta).

The modified T cell of claim 21, wherein the bispecific minibody binds to Programmed

Death 1 (PD-1) and PD-L1.

A nucleic acid encoding a minibody, wherein the minibody comprises a single chain
antibody comprising a secretion signal, a variable heavy chain fragment, a variable light
chain fragment, a constant chain fragment and a minibody hinge domain between the

variable light chain fragment and the constant chain fragment.

The nucleic acid of claim 23 further comprising a nucleic acid sequence encoding a linker

between the variable heavy chain fragment and the variable light chain fragment.
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The nucleic acid of claim 23, wherein the secretion signal comprises amino acid sequence

SEQ ID NO:2.

The nucleic acid of claim 23 further comprising a nucleic acid sequence encoding a

chimeric antigen receptor, a T cell receptor, or a bispecific minibody.

A minibody comprising a single chain antibody comprising a secretion signal, a variable
heavy chain fragment, a variable light chain fragment, a constant chain fragment and a
minibody hinge domain between the variable light chain fragment and the constant chain

fragment.

The minibody of claim 27 further comprising a linker between the variable heavy chain

fragment and the variable light chain fragment.

The minibody of claim 28, wherein the linker comprises amino acid sequence SEQ ID

NO:3.

The minibody of claim 27, wherein the variable heavy chain fragment and the variable

light chain fragment bind to an antigen on a tumor cell.

The minibody of claim 27, wherein the variable heavy chain fragment and the variable
light chain fragment are independently selected from a fragment from the group
consisting of a synthetic antibody, a human antibody, a humanized antibody, and any

combination thereof.

The minibody of claim 27, wherein the variable heavy chain fragment comprises amino

acid sequence SEQ ID NO:6.

The minibody of claim 27, wherein the variable light chain fragment comprises amino

acid sequence SEQ ID NO:7.

The minibody of claim 27, wherein the constant chain fragment is a fragment from an
antibody selected from the group consisting of IgG1, IgG2, IgG3, 1gG4, IgGS, 1gG6,
IgG7, 1gG8, IgGY, 1gG10, IgG11, IgG12, IgG13, IgG14, IgG15, IgG16, IgG17, IgG18
and IgG19.
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The minibody of claim 27, wherein the constant chain fragment is a fragment from a

heavy chain.

The minibody of claim 27, wherein the constant chain fragment comprises amino acid

sequence SEQ ID NO:5.

The minibody of claim 27, wherein the minibody hinge domain comprises a hinge
domain selected from the group consisting of alpha, beta or zeta chain of the T-cell
receptor; CD28; CD3 epsilon; CD45; CD4; CDS; CD8; CD9; CD16; CD22; CD33;
CD37; CD64; CD80; CD86; CD134; CD137; CD154; 1gG1; 1gG2; 1gG3; 1gG4; 1gGS;
IgG6; 1gG7; 1gG8; 1gGY; 1gG10; 1gG11; IgG12; IgG13; 1gG14; 1gG15; 1gG16; 1gG17;
IgG18 and IgG19.

The minibody of claim 27, wherein the minibody hinge domain comprises amino acid

sequence SEQ ID NO:4.

The minibody of claim 27, wherein the secretion signal comprises amino acid sequence

SEQ ID NO:2.

The minibody of claim 27, wherein the minibody comprises amino acid sequence SEQ

ID NO:1.

A composition comprising the modified T cell of claim 1.

The composition of claim 41 further comprising a chimeric antigen receptor (CAR),a T

cell receptor (TCR), or a bispecific minibody.

The composition of claim 42, wherein the CAR, TCR, or bispecific minibody is capable
of binding to an antigen and the variable heavy chain fragment and the variable light

chain fragment of the minibody bind the same antigen.

A method for generating a modified T cell comprising:
introducing the nucleic acid of claim 23 into the T cell, wherein the T cell is

capable of expressing and secreting the minibody.
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The method of claim 44, wherein the population of T cells is comprised within cells
selected from the group consisting of peripheral blood mononuclear cells, cord blood

cells, a purified population of T cells, and a T cell line.

The method of claim 45, wherein peripheral blood mononuclear cells comprises the

population of T cells.

The method of claim 45, wherein purified T cells comprises the population of T cells.

The method of claim 45, wherein introducing the nucleic acid into the T cell comprises

electroporating the T cell, transducing the T cell or transfecting the T cell.

The method of claim 45 further comprising cryopreserving the modified T cell.

The method of claim 45 further comprising introducing a nucleic acid encoding a
chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody into

the T cell.

The method of claim 50, wherein the CAR, TCR, or bispecific minibody is capable of
binding to a tumor antigen and the variable heavy chain fragment and the variable light

chain fragment of the minibody bind the same tumor antigen..

A pharmaceutical composition comprising the modified T cell generated according to

claim 44 and a pharmaceutically acceptable carrier.

A method of treating a disease or condition in a subject comprising administering a
population of modified T cells to a subject in need thereof, wherein the modified T cells
express a nucleic acid encoding a minibody comprising a secretion signal, a variable
heavy chain fragment, a variable light chain fragment and a constant chain fragment, and

the modified T cells secrete the minibody.

A method of treating a condition in a subject, comprising administering to the subject a
therapeutically effective amount of a pharmaceutical composition comprising the

minibody of claim 27.
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Use of the minibody of claim 27 in the manufacture of a medicament for the treatment of

an immune response in a subject in need thereof.

A nucleic acid composition comprising a nucleic acid encoding a minibody and a nucleic
acid encoding a chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific
minibody, wherein the minibody comprises a single chain antibody comprising a
secretion signal, a variable heavy chain fragment, a variable light chain fragment, a
constant chain fragment and a minibody hinge domain between the variable light chain

fragment and the constant chain fragment.

The nucleic acid composition of claim 56, wherein the CAR comprises an antigen

binding domain, a transmembrane domain, and an intracellular signalling domain.

The nucleic acid composition of claim 57, wherein the intracellular domain comprises a
primary signaling domain, a costimulatory domain, or both of a primary signaling domain

and a costimulatory domain.

The nucleic acid composition of claim 58, wherein the primary signaling domain
comprises a functional signaling domain of one or more proteins selected from the group
consisting of CD3 zeta, CD3 gamma, CD3 delta, CD3 epsilon, common FcR gamma
(FCER1G), FcR beta (Fc Epsilon R1b), CD79a, CD79b, Fcgamma RIla, DAP10, and
DAPI12.

The nucleic acid composition of claim 57, wherein the costimulatory domain comprises a
functional domain of one or more proteins selected from the group consisting of CD27,
CD28, 4-1BB (CD137), OX40, CD30, CD40, PD-1, ICOS, lymphocyte function-
associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, a ligand that
specifically binds with CD83, CDS, ICAM-1, GITR, BAFFR, HVEM (LIGHTR),
SLAMF7, NKp80 (KLRF1), CD160, CD19, CD4, CD8alpha, CD8beta, IL2R beta, IL2R
gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6,
CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM, CD11b,
ITGAX, CDl1l1c, ITGBI, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4), CD84, CDY6 (Tactile),
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CEACAMI, CRTAM, Ly9 (CD229), CD160 (BY55), PSGL1, CD100 (SEMA4D),
CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMF1, CD150, IPO-3), BLAME
(SLAMFS), SELPLG (CD162), LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44,
NKp30, NKp46, and NKG2D.

The nucleic acid composition of any of claims 57-60, wherein the antigen binding

domain binds a tumor antigen.

The nucleic acid composition of claim 61, wherein the tumor antigen is selected from the
group consisting of: CD19; CD123; CD22; CD30; CD171; CS-1 (also referred to as CD2
subset 1, CRACC, SLAMF7, CD319, and 19A24); C-type lectin-like molecule-1 (CLL-1
or CLECL1); CD33; epidermal growth factor receptor variant III (EGFRVIII);
ganglioside G2 (GD2); ganglioside GD3 (aNeuS5Ac(2-8)aNeuSAc(2-3)bDGalp(1-
4)bDGlep(1-1)Cer); TNF receptor family member B cell maturation (BCMA); Tn
antigen ((Tn Ag) or (GalNAca-Ser/Thr)); prostate-specific membrane antigen (PSMA);
Receptor tyrosine kinase-like orphan receptor 1 (ROR1); Fms-Like Tyrosine Kinase 3
(FLT3); Tumor-associated glycoprotein 72 (TAG72); CD38; CD44v6; Carcinoembryonic
antigen (CEA); Epithelial cell adhesion molecule (EPCAM); B7TH3 (CD276); KIT
(CD117); Interleukin-13 receptor subunit alpha-2 (IL-13Ra2 or CD213A2); Mesothelin;
Interleukin 11 receptor alpha (IL-11Ra); prostate stem cell antigen (PSCA); Protease
Serine 21 (Testisin or PRSS21); vascular endothelial growth factor receptor 2
(VEGFR2); Lewis(Y) antigen; CD24; Platelet-derived growth factor receptor beta
(PDGFR-beta); Stage-specific embryonic antigen-4 (SSEA-4); CD20; Folate receptor
alpha; Receptor tyrosine-protein kinase ERBB2 (Her2/neu); Mucin 1, cell surface
associated (MUC1); epidermal growth factor receptor (EGFR); neural cell adhesion
molecule (NCAM); Prostase; prostatic acid phosphatase (PAP); elongation factor 2
mutated (ELF2M); Ephrin B2; fibroblast activation protein alpha (FAP); insulin-like
growth factor 1 receptor (IGF-I receptor), carbonic anhydrase IX (CAIX); Proteasome
(Prosome, Macropain) Subunit, Beta Type, 9 (LMP2); glycoprotein 100 (gp100);
oncogene fusion protein consisting of breakpoint cluster region (BCR) and Abelson
murine leukemia viral oncogene homolog 1 (Abl) (bcr-abl); tyrosinase; ephrin type-A

receptor 2 (EphA2); Fucosyl GM1; sialyl Lewis adhesion molecule (sLe); ganglioside
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GM3 (aNeu5Ac(2-3)bDGalp(1-4)bDGlep(1-1)Cer); transglutaminase 5 (TGSS5); high
molecular weight-melanoma-associated antigen (HMWMAA); o-acetyl-GD2
ganglioside (OAcGD2); Folate receptor beta; tumor endothelial marker 1
(TEM1/CD248); tumor endothelial marker 7-related (TEM7R); claudin 6 (CLDN6);
thyroid stimulating hormone receptor (TSHR); G protein-coupled receptor class C group
5, member D (GPRCS5D); chromosome X open reading frame 61 (CXORF61); CD97;
CD179a; anaplastic lymphoma kinase (ALK); Polysialic acid; placenta-specific 1
(PLAC1); hexasaccharide portion of globoH glycoceramide (GloboH); mammary gland
differentiation antigen (N'Y-BR-1); uroplakin 2 (UPK2); Hepatitis A virus cellular
receptor 1 (HAVCRI1); adrenoceptor beta 3 (ADRB3); pannexin 3 (PANX3); G protein-
coupled receptor 20 (GPR20); lymphocyte antigen 6 complex, locus K 9 (LY6K);
Olfactory receptor SIE2 (OR51E2); TCR Gamma Alternate Reading Frame Protein
(TARP); Wilms tumor protein (WT1); Cancer/testis antigen 1 (NY-ESO-1); Cancer/testis
antigen 2 (LAGE-1a); Melanoma-associated antigen 1 (MAGE-A1); ETS translocation-
variant gene 6, located on chromosome 12p (ETV6-AML); sperm protein 17 (SPA17); X
Antigen Family, Member 1A (XAGEL); angiopoietin-binding cell surface receptor 2 (Tie
2); melanoma cancer testis antigen-1 (MAD-CT-1); melanoma cancer testis antigen-2
(MAD-CT-2); Fos-related antigen 1; tumor protein pS3 (p53); p53 mutant; prostein;
survivin; telomerase; prostate carcinoma tumor antigen-1 (PCTA-1 or Galectin 8),
melanoma antigen recognized by T cells 1 (MelanA or MART1); Rat sarcoma (Ras)
mutant; human Telomerase reverse transcriptase (W'TERT); sarcoma translocation
breakpoints; melanoma inhibitor of apoptosis (ML-IAP); ERG (transmembrane protease,
serine 2 (TMPRSS2) ETS fusion gene); N-Acetyl glucosaminyl-transferase V (NA17);
paired box protein Pax-3 (PAX3); Androgen receptor; Cyclin B1; v-myc avian
myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN); Ras
Homolog Family Member C (RhoC); Tyrosinase-related protein 2 (TRP-2); Cytochrome
P450 1B1 (CYP1B1); CCCTC-Binding Factor (Zinc Finger Protein)-Like (BORIS or
Brother of the Regulator of Imprinted Sites), Squamous Cell Carcinoma Antigen
Recognized By T Cells 3 (SART3); Paired box protein Pax-5 (PAXS); proacrosin binding
protein sp32 (OY-TES1); lymphocyte-specific protein tyrosine kinase (LCK); A kinase
anchor protein 4 (AKAP-4); synovial sarcoma, X breakpoint 2 (SSX2); Receptor for
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Advanced Glycation Endproducts (RAGE-1); renal ubiquitous 1 (RU1); renal ubiquitous
2 (RU2); legumain; human papilloma virus E6 (HPV E6); human papilloma virus E7
(HPV E7); intestinal carboxyl esterase; heat shock protein 70-2 mutated (mut hsp70-2);
CD79a; CD79b; CD72; Leukocyte-associated immunoglobulin-like receptor 1 (LAIR1);
Fc fragment of IgA receptor (FCAR or CD89); Leukocyte immunoglobulin-like receptor
subfamily A member 2 (LILRA2); CD300 molecule-like family member { (CD300LF);
C-type lectin domain family 12 member A (CLEC12A); bone marrow stromal cell
antigen 2 (BST2); EGF-like module-containing mucin-like hormone receptor-like 2
(EMR2); lymphocyte antigen 75 (LY75); Glypican-3 (GPC3); Fc receptor-like 5
(FCRLS); and immunoglobulin lambda-like polypeptide 1 (IGLL1).

The nucleic acid composition of any of claims 57, wherein the transmembrane domain
comprises a transmembrane domain of a protein selected from the group consisting of the
alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5,
CDS8, CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154,
KIRDS2, 0X40, CD2, CD27, LFA-1 (CD11a, CD18), ICOS (CD278), 4-1BB (CD137),
GITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19,
IL2R beta, IL2R gamma, IL7R o, ITGA1, VLAL, CD49a, ITGA4, IA4, CD49D, ITGA®6,
VLA-6, CD49f, ITGAD, CD11d, ITGAE, CD103, ITGAL, CD11a, LFA-1, ITGAM,
CD11b, ITGAX, CDl1l1c, ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2,
DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM]1,
CRTAM, Ly9 (CD229), CD160 (BYS55), PSGL1, CD100 (SEMA4D), SLAMF6 (NTB-
A, Lyl108), SLAM (SLAMF1, CD150, IPO-3), BLAME (SLAMEFS), SELPLG (CD162),
LTBR, PAG/Cbp, NKp44, NKp30, NKp46, NKG2D, and NKG2C.

The nucleic acid composition of any of claims 57, wherein the antigen binding domain is

connected to the transmembrane domain by a CAR hinge region.

The nucleic acid composition of any of claims 57, wherein the nucleic acid encoding the

CAR further encodes a leader sequence.
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The nucleic acid composition of any of claims 56, wherein the minibody binds to an

immune checkpoint molecule.

The nucleic acid composition of claim 66, wherein the immune checkpoint molecule is
selected from the group consisting of Programmed Death 1 (PD-1), PD-1, PD-L1, PD-L2,
Cytotoxic T-Lymphocyte Antigen 4 (CTLA-4), TIM-3, CEACAM (e.g., CEACAM-1,
CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4,
CD80, CD86, B7-H1, B7-H3 (CD276), B7-H4 (VTCN1), HVEM (TNFRSF14 or
CD270), KIR, A2aR, MHC class I, MHC class II, GAL9, adenosine, and TGFR (e.g.,
TGER beta).

The nucleic acid composition of any of claims 56-67, wherein the nucleic acid encoding a
minibody is disposed on the same nucleic acid molecule as the nucleic acid encoding a

chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody.

The nucleic acid composition of any of claims 56-67, wherein the nucleic acid encoding a
minibody is disposed on a first nucleic acid molecule and the nucleic acid encoding a
chimeric antigen receptor (CAR), a T cell receptor (TCR), or a bispecific minibody is

disposed on a second different nucleic acid molecule.
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