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OPTIMIZED LENTIVIRAL TRANSFER VECTORS AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to lentiviral transfer vectors and methods of using such vectors.

BACKGROUND OF THE INVENTION

Expression of heterologous genes in cells is desirable for many therapeutically relevant

applications. One method of introducing a heterologous gene into a cell involves the use of transfer

vectors which, when transfected into a host cell, induce the host cell to produce viral particles including

the heterologous gene. The viral particles can then be used to infect a target cell, thereby inducing the

target cell to express the heterologous gene. Viruses useful in such methods include lentiviruses,

adenoviruses, and adeno-associated viruses. Some existing lentiviral vectors exhibit low gene

expression levels and may be extremely large. In addition , there can be biosafety and toxicity concerns

with respect to such vectors. As such, transfection and viral production using such vectors may be slow,

inefficient, laborious, and expensive. Thus, a need exists for improved lentiviral vectors suitable for rapid

and efficient production of viruses that are useful for inducing heterologous gene expression in target

cells.

SUMMARY OF THE INVENTION

In a first aspect, the invention provides lentiviral transfer vectors, optionally including one or more

heterologous nucleic acid sequences (which are optionally downstream from a Kozak sequence), and

being characterized by at least two of the following features: (a) including a cytomegalovirus (CMV)

promoter, (b) including a polynucleotide encoding at least a portion of a gag protein that includes a

mutated INS1 inhibitory sequence that reduces restriction of nuclear export of RNA relative to wild-type

INS1 , (c) not including a polynucleotide encoding the INS2, INS3, and INS4 inhibitory sequences of gag,

and (d) not including an SV40 origin of replication and/or an f 1 origin of replication. In various

embodiments, lentiviral transfer vector is characterized by at least three or all four of features (a)-(d).

In various examples, the lentiviral transfer includes a polynucleotide encoding a 150-250 (e.g. ,

168) nucleotide portion of a gag protein that (i) includes a mutated INS1 inhibitory sequence that reduces

restriction of nuclear export of RNA relative to wild-type INS1 , (ii) contains two nucleotide insertion that

results in frame shift and premature termination, and/or (iii) does not include INS2, INS3, and INS4

inhibitory sequences of gag.

In additional examples, the lentiviral transfer vector further includes one or more elements

selected from the group consisting of a packaging signal (psi), a partial gag sequence adjacent to or

partially overlapping with psi, a rev-response element, a partial env sequence, and a cPPT sequence

from pol, the sequences of which optionally originate from HIV-1 isolate NL4-3 or SF3. In various

examples, the cPPT sequence includes about 150-250 (e.g., 178-1 8 1) nucleotides and includes splice

acceptor SA1 sequence.

The lentiviral transfer vectors can optionally include one or more restriction sites positioned

between elements of the vector (see, e.g. , Tables 3-5 below for exemplary locations).



Further, the lentiviral transfer vectors can optionally include a post-transcriptional regulatory

element (PRE). For example, a woodchuck hepatitis virus PRE (WPRE ; having, e.g., at least 95%, 96%,

97%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 78), or a hepatitis B virus isolate bba6 PRE

(HPRE ; having, e.g. , at least 95%, 96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID NO: 79),

and optionally wherein the HPRE including an inactivating mutation in an X protein-encoding sequence.

The lentiviral transfer vectors further can include a subgenomic promoter that can be used to

drive expression of a transgene. In one example, the promoter is an EF1 a promoter (e.g., an EF1 a

promoter having a nucleic acid sequence having at least 95%, 96%, 97%, 98%, 99%, or 100% identity to

SEQ ID NO: 7 1) . The EF1 a promoter optionally is full length and includes intact splice donor and splice

acceptor sequences (SEQ ID NOs:72 and 73, respectively) (see, e.g . , SEQ ID NO:95).

The lentiviral components of the lentiviral transfer vectors can optionally originate from HIV-1

(e.g. , HIV-1 strain NL4-3 or SF3). In various embodiments, in the lentiviral transfer vectors, the sequence

encoding the partial gag protein has less than 90% sequence identity to a corresponding region of gag

protein encoded by a packaging plasmid used with the lentiviral transfer vector (e.g. , pMDLgpRRE

packaging plasmid).

In another aspect, the invention includes lentiviral transfer vectors that include one or more (e.g.,

2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20, 2 1 , or 22) of the following features: (i) a

CMV promoter including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 52, (ii) an

LTR R region including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 53, (iii) an

LTR U5 region including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 54, (iv) a

primer binding site including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 55, (v) a

packaging signal including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 56, (vi) a

major splice donor site including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 57,

which is within the packaging signal, (vii) a partial gag sequence including a nucleic acid sequence having

at least 95% identity to SEQ ID NO:58, (viii) a partial env sequence including a nucleic acid sequence

having at least 95% identity to SEQ ID NO:60, (ix) a rev-response element including a nucleic acid

sequence having at least 95% identity to SEQ ID NO: 62, (x) a partial env sequence including a nucleic

acid sequence having at least 95% identity to SEQ ID NO:64, (xi) a splice acceptor site including a

nucleic acid sequence having at least 95% identity to SEQ ID NO: 65, which is within the partial env

sequence of part (x), (xii) a central polypurine tract including a nucleic acid sequence having at least 95%

identity to SEQ ID NO: 67, 92, or 93, (xiii) a splice acceptor site including a nucleic acid sequence having

at least 95% identity to SEQ ID NO: 68 or 94, which is within the central polypurine tract, (xiv) an

EF1 alpha promoter having at least 95% sequence identity to SEQ ID NO:71 or 95, (xv) a constitutive

splice donor (CD) site including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 72,

which is within the EF1 alpha promoter, (xvi) a constitutive splice acceptor (CA) site including a nucleic

acid sequence having at least 95% identity to SEQ ID NO: 73, which is within the EF1 alpha promoter,

(xvii) a polynucleotide encoding an EGFP including a nucleic acid sequence having at least 95% identity

to SEQ ID NO: 76 and/or a transgene sequence, (xviii) a PRE sequence including a nucleic acid

sequence having at least 95% sequence identity to SEQ ID NO: 78 or 79, (xix) a partial nef sequence

including a nucleic acid sequence having at least 95% sequence identity to SEQ ID NO:83, (xx) a dU3

sequence including a nucleic acid sequencing having at least 95% sequence identity to SEQ ID NO:84,



(xxi) an LTR R region including a nucleic acid sequence having at least 95% identity to SEQ ID NO: 85,

and (xxii) an LTR U5 region including a nucleic acid sequence having at least 95% identity to SEQ ID NO:

86. The sequence identities of these components can optionally be 96%, 97%, 98%, 99%, or 100%.

Examples of combinations include those containing : i , vii, viii, ix, x , xii, xiv, and xviii ; wherein x optionally

includes xi, xii optionally includes xiii, and xiv optionally includes xv and xvi. In addition, the combination

may also include ii, iii, iv, v , xix, xx, xxi, and/or xxv, optionally wherein v includes v i. Further, any of these

combinations may also include xvii.

The lentiviral transfer vectors of the invention can optionally include a heterologous nucleic acid

sequence that encodes a protein, e.g. , EGFP and or a chimeric antigen receptor (CAR). In the case of a

CAR, the CAR can optionally include, in a N-terminal to C-terminal direction, an antigen binding domain

(e.g. , an scFv), a transmembrane domain, and one or more signaling domains (e.g., one or more primary

signaling domains (e.g. , a CD3-zeta stimulatory domain) and/or one or more costimulatory signaling

domains (e.g. , an intracellular domain selected from a costimulatory protein selected from the group

consisting of CD27, CD28, 4-1 BB (CD1 37), OX40, G ITR, CD30, CD40, ICOS, BAFFR, HVEM, ICAM-1 ,

lymphocyte function-associated antigen-1 (LFA-1 ) , CD2, CDS, CD7, CD287, LIGHT, NKG2C, NKG2D,

SLAMF7, NKp80, NKp30, NKp44, NKp46, CD1 60, B7-H3, and a ligand that specifically binds with

CD83)).

In various examples, the antigen binding domain binds to an antigen selected from the group

consisting of CD1 9 ; CD1 23; CD22 ; CD30; CD1 7 1 ; CS-1 ; C-type lectin-like molecule-1 , CD33; epidermal

growth factor receptor variant I I I (EGFRvl l l) ; ganglioside G2 (GD2) ; ganglioside GD3; 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 (CD1 17) ; lnterleukin-1 3 receptor

subunit alpha-2; mesothelin ; Interleukin 11 receptor alpha (IL-1 1Ra) ; prostate stem cell antigen (PSCA) ;

Protease Serine 2 1 ; 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 (EG FR) ; 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 (IG F-I receptor), carbonic

anhydrase IX (CAIX) ; Proteasome (Prosome, Macropain) Subunit, Beta Type, 9 (LMP2) ; glycoprotein 100

(gp1 00) ; 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; transglutaminase 5 (TGS5) ; high molecular

weight-melanoma-associated antigen (HMWMAA) ; o-acetyl-G D2 ganglioside (OAcG D2) ; 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 (G PRC5D) ; chromosome X open reading frame 6 1 (CXORF61 ); CD97; CD1 79a; 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 (G PR20) ; lymphocyte antigen 6 complex, locus K 9 (LY6K) ; Olfactory receptor 5 1 E2

(OR51 E2) ; TCR Gamma Alternate Reading Frame Protein (TARP) ; Wilms tumor protein (WT1 ) ;

Cancer/testis antigen 1 (NY-ESO-1 ); Cancer/testis antigen 2 (LAG E-1 a) ; Melanoma-associated antigen 1

(MAGE-A1 ); ETS translocation-variant gene 6 , located on chromosome 12p (ETV6-AML) ; sperm protein

17 (SPA1 7) ; X Antigen Family, Member 1A (XAG E 1) ; 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 , melanoma antigen recognized by T cells 1; Rat sarcoma (Ras) mutant;

human Telomerase reverse transcriptase (hTERT) ; sarcoma translocation breakpoints; melanoma

inhibitor of apoptosis (ML-IAP) ; ERG (transmembrane protease, serine 2 (TMPRSS2) ETS fusion gene) ;

N-Acetyl glucosaminyl-transferase V (NA1 7) ; paired box protein Pax-3 (PAX3) ; Androgen receptor; Cyclin

B 1 ; v-myc avian myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN) ; Ras

Homolog Family Member C (RhoC) ; Tyrosinase-related protein 2 (TRP-2) ; Cytochrome P450 1B 1

(CYP1 B 1) ; CCCTC-Binding Factor (Zinc Finger Protein)-Like, Squamous Cell Carcinoma Antigen

Recognized By T Cells 3 (SART3) ; Paired box protein Pax-5 (PAX5) ; 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 (RAG E-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 f (CD300LF) ; C-type lectin domain family 12 member A

(CLEC1 2A) ; bone marrow stromal cell antigen 2 (BST2) ; EG F-like module-containing mucin-like hormone

receptor-like 2 (EMR2) ; lymphocyte antigen 75 (LY75) ; Glypican-3 (G PC3) ; Fc receptor-like 5 (FCRL5) ;

and immunoglobulin lambda-like polypeptide 1 (IGLL1 ) .

In a specific example, the CAR includes an anti-CD1 9 antibody or a fragment thereof, a 4-1 BB

(CD1 37) transmembrane domain, and a CD3-zeta signaling domain.

In another aspect, the invention includes lentiviral transfer vectors including, from 5' to 3', one or

more (e.g. , all) of the following elements in operable association : a promoter, a packaging signal (psi)

including a major splice donor site (SD), a partial gag sequence, a partial env sequence, a Rev-response

element (RRE), a partial env sequence including splice acceptor site (SA7), a central polypurine tract

(cPPT) including a splice acceptor site (SA1 ) , an EF1 a promoter, which comprises a constitutive splice

donor site (CD) and a constitutive splice acceptor site (CD), optionally a gene encoding EG FP and/or a

heterologous nucleic acid sequence, and a post-transcriptional regulatory element.

In one example, the invention includes lentiviral transfer vector including, from 5' to 3', one or

more of the following elements in operable association : a CMV promoter, an LTR R region, an LTR U5

region, a primer binding site (PBS), a packaging signal (psi) including a major splice donor site (SD), a

partial gag sequence, a partial env sequence, a Rev-response element (RRE), a partial env sequence

including splice acceptor site (SA7), a central polypurine tract (cPPT) including a splice acceptor site

(SA1 ) , an EF1 a promoter, optionally a gene encoding EGFP and/or a heterologous nucleic acid



sequence, a post-transcriptional regulatory element, an LTR R region, an LTR U5 region, an SV40 polyA

tail, a kanamycin resistance gene (nptll), and a pUC origin of replication.

In various examples, the post-transcriptional regulatory element is a woodchuck hepatitis virus

PRE (WPRE) or a hepatitis B virus isolate bba6 PRE (HPRE), as described herein.

In further examples, the heterologous nucleic acid sequence encodes a chimeric antigen receptor

(CAR), as described herein. In one example, the CAR can include an anti-CD1 9 antibody or a fragment

thereof, a 4-1 BB (CD1 37) transmembrane domain, and a CD3-zeta signaling domain.

In another aspect, the invention includes a host cell (e.g., a 293T cell, a Jurkat T cell, or a primary

human T cell) including a lentiviral transfer vector as described herein. Optionally, the host call can

further include one or more lentiviral packaging vectors.

In a further aspect, the invention includes compositions including a lentiviral transfer vector as

described herein and one or more packaging vectors.

In an additional aspect, the invention includes methods of producing a lentivirus capable of

expressing a heterologous nucleic acid sequence. These methods can optionally include (a) introducing

into a cell (e.g., a 293T cell, a Jurkat T cell, or a primary human T cell) : (i) a lentiviral transfer vector as

described herein, and (ii) one or more lentiviral packaging vectors; and (b) expressing viral proteins

encoded by the lentiviral transfer vector and/or the packaging vector in the cell, thereby producing a

lentivirus including the heterologous nucleic acid sequence of the lentiviral transfer vector.

Definitions

The term "Chimeric Antigen Receptor" or alternatively a "CAR" refers to a set of polypeptides,

typically two in the simplest embodiments, which when in an immune effector cell, provides the cell with

specificity for a target cell, typically a cancer cell, and with intracellular signal generation. In some

embodiments, a CAR comprises at least an extracellular antigen binding domain, a transmembrane

domain and a cytoplasmic signaling domain (also referred to herein as "an intracellular signaling domain")

comprising a functional signaling domain derived from a stimulatory molecule and/or costimulatory

molecule as defined below. In some aspects, the set of polypeptides are contiguous with each other. In

some embodiments, the set of polypeptides include a dimerization switch that, upon the presence of a

dimerization molecule, can couple the polypeptides to one another, e.g., can couple an antigen binding

domain to an intracellular signaling domain. In one aspect, the stimulatory molecule is the zeta chain

associated with the T cell receptor complex. In one aspect, the cytoplasmic signaling domain further

comprises one or more functional signaling domains derived from at least one costimulatory molecule as

defined below. In one aspect, the costimulatory molecule is chosen from the costimulatory molecules

described herein, e.g. , 4-1 BB (i.e. , CD1 37), CD27 and/or CD28. In one aspect, the CAR comprises a

chimeric fusion protein comprising an extracellular antigen binding domain, a transmembrane domain and

an intracellular signaling domain comprising a functional signaling domain derived from a stimulatory

molecule. In one aspect, the CAR comprises a chimeric fusion protein comprising an extracellular

antigen binding domain, a transmembrane domain and an intracellular signaling domain comprising a

functional signaling domain derived from a costimulatory molecule and a functional signaling domain

derived from a stimulatory molecule. In one aspect, the CAR comprises a chimeric fusion protein

comprising an extracellular antigen binding domain, a transmembrane domain and an intracellular

signaling domain comprising two functional signaling domains derived from one or more costimulatory



molecule(s) and a functional signaling domain derived from a stimulatory molecule. In one aspect, the

CAR comprises a chimeric fusion protein comprising an extracellular antigen binding domain, a

transmembrane domain and an intracellular signaling domain comprising at least two functional signaling

domains derived from one or more costimulatory molecule(s) and a functional signaling domain derived

from a stimulatory molecule. In one aspect the CAR comprises an optional leader sequence at the

amino-terminus (N-ter) of the CAR fusion protein. In one aspect, the CAR further comprises a leader

sequence at the N-terminus of the extracellular antigen binding domain, wherein the leader sequence is

optionally cleaved from the antigen binding domain (e.g., a scFv) during cellular processing and

localization of the CAR to the cellular membrane.

A CAR that comprises an antigen binding domain (e.g. , a scFv, or TCR) that targets a specific

tumor maker X , such as those described herein , is also referred to as XCAR. For example, a CAR that

comprises an antigen binding domain that targets CD1 9 is referred to as CD1 9CAR.

The term "signaling domain" refers to the functional portion of a protein which acts by transmitting

information within the cell to regulate cellular activity via defined signaling pathways by generating second

messengers or functioning as effectors by responding to such messengers.

The term "antibody," as used herein, refers to a protein, or polypeptide sequence derived from an

immunoglobulin molecule which specifically binds with an antigen. Antibodies can be polyclonal or

monoclonal, multiple or single chain, or intact immunoglobulins, and may be derived from natural sources

or from recombinant sources. Antibodies can be tetramers of immunoglobulin molecules.

The term "antibody fragment" refers to at least one portion of an antibody, that retains the ability

to specifically interact with (e.g. , by binding, steric hinderance, stabilizing/destabilizing, spatial distribution)

an epitope of an antigen . Examples of antibody fragments include, but are not limited to, Fab, Fab',

F(ab')2, Fv fragments, scFv antibody fragments, disulfide-linked Fvs (sdFv), a Fd fragment consisting of

the VH and CH1 domains, linear antibodies, single domain antibodies such as sdAb (either VL or VH),

camelid VHH domains, multi-specific antibodies formed from antibody fragments such as a bivalent

fragment comprising two Fab fragments linked by a disulfide brudge at the hinge region, and an isolated

CDR or other epitope binding fragments of an antibody. An antigen binding fragment can also be

incorporated into single domain antibodies, maxibodies, minibodies, nanobodies, intrabodies, diabodies,

triabodies, tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and Hudson, Nature Biotechnology

23:1 126-1 136, 2005). Antigen binding fragments can also be grafted into scaffolds based on

polypeptides such as a fibronectin type II I (Fn3)(see U.S. Patent No. : 6,703,1 99, which describes

fibronectin polypeptide minibodies).

The term "scFv" refers to a fusion protein comprising at least one antibody fragment comprising a

variable region of a light chain and at least one antibody fragment comprising a variable region of a heavy

chain, wherein the light and heavy chain variable regions are contiguously linked, e.g., via a synthetic

linker, e.g. , a short flexible polypeptide linker, and capable of being expressed as a single chain

polypeptide, and wherein the scFv retains the specificity of the intact antibody from which it is derived.

Unless specified, as used herein an scFv may have the VL and VH variable regions in either order, e.g. ,

with respect to the N-terminal and C-terminal ends of the polypeptide, the scFv may comprise VL-linker-

VH or may comprise VH-linker-VL.



The portion of the CAR of the invention comprising an antibody or antibody fragment thereof may

exist in a variety of forms where the antigen binding domain is expressed as part of a contiguous

polypeptide chain including, for example, a single domain antibody fragment (sdAb), a single chain

antibody (scFv), a humanized antibody or bispecific antibody (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) . In one aspect, the antigen binding domain of a

CAR composition of the invention comprises an antibody fragment. In a further aspect, the CAR

comprises an antibody fragment that comprises a scFv. The precise amino acid sequence boundaries of

a given CDR can be determined using any of a number of well-known schemes, including those

described by Kabat et al. ( 1991 ) , "Sequences of Proteins of Immunological Interest," 5th Ed. Public

Health Service, National Institutes of Health, Bethesda, MD ("Kabat" numbering scheme), Al-Lazikani et

al., ( 1 997) JMB 273,927-948 ("Chothia" numbering scheme), or a combination thereof.

As used herein, the term "binding domain" or "antibody molecule" refers to a protein, e.g. , an

immunoglobulin chain or fragment thereof, comprising at least one immunoglobulin variable domain

sequence. The term "binding domain" or "antibody molecule" encompasses antibodies and antibody

fragments. In an embodiment, an antibody molecule is a multispecific antibody molecule, e.g. , it

comprises a plurality of immunoglobulin variable domain sequences, wherein a first immunoglobulin

variable domain sequence of the plurality has binding specificity for a first epitope and a second

immunoglobulin variable domain sequence of the plurality has binding specificity for a second epitope. 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.

The portion of the CAR of the invention comprising an antibody or antibody fragment thereof may

exist in a variety of forms where the antigen binding domain is expressed as part of a contiguous

polypeptide chain including, for example, a single domain antibody fragment (sdAb), a single chain

antibody (scFv), a humanized antibody, or bispecific antibody (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). In one aspect, the antigen binding domain of a

CAR composition of the invention comprises an antibody fragment. In a further aspect, the CAR

comprises an antibody fragment that comprises a scFv.

The term "antibody heavy chain," refers to the larger of the two types of polypeptide chains

present in antibody molecules in their naturally occurring conformations, and which normally determines

the class to which the antibody belongs.

The term "antibody light chain," refers to the smaller of the two types of polypeptide chains

present in antibody molecules in their naturally occurring conformations. Kappa (κ) and lambda (λ) light

chains refer to the two major antibody light chain isotypes.

The term "recombinant antibody" refers to an antibody which is generated using recombinant

DNA technology, such as, for example, an antibody expressed by a bacteriophage or yeast expression



system. 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 recombinant DNA or amino acid sequence technology which is available and

well known in the art.

The term "antigen" or "Ag" refers to 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 encode polypeptides that

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, or might be macromolecule besides a polypeptide. Such a biological

sample can include, but is not limited to a tissue sample, a tumor sample, a cell or a fluid with other

biological components.

The term "autologous" refers to any material derived from the same individual (e.g. , a cell or

organism) to whom it is later to be re-introduced into the individual. The term "heterologous" may refer to

any material derived from a different individual (e.g. , a cell or organism) than the individual to whom the

material is introduced. In some instances, the term "heterologous" may refer to any material derived from

an individual (e.g. , a cell or organism) of a different species than the individual to whom the material is

introduced.

An "intracellular signaling domain," as the term is used herein, refers to an intracellular portion of

a molecule. The intracellular signaling domain generates a signal that promotes an immune effector

function of the CAR containing cell , e.g., a CART cell. Examples of immune effector function, e.g. , in a

CART cell, include cytolytic activity and helper activity, including the secretion of cytokines.

In an embodiment, the intracellular signaling domain can comprise a primary intracellular

signaling domain. Exemplary primary intracellular signaling domains include those derived from the

molecules responsible for primary stimulation, or antigen dependent simulation. In an embodiment, the

intracellular signaling domain can comprise a costimulatory intracellular domain. Exemplary

costimulatory intracellular signaling domains include those derived from molecules responsible for

costimulatory signals, or antigen independent stimulation. For example, in the case of a CART, a primary

intracellular signaling domain can comprise a cytoplasmic sequence of a T cell receptor, and a

costimulatory intracellular signaling domain can comprise cytoplasmic sequence from co-receptor or

costimulatory molecule.

A primary intracellular signaling domain can comprise a signaling motif which is known as an

immunoreceptor tyrosine-based activation motif or ITAM. Examples of ITAM containing primary



cytoplasmic signaling sequences include, but are not limited to, those derived from CD3 zeta, common

FcR gamma (FCER1 G), Fc gamma Rlla, FcR beta (Fc Epsilon R 1b), CD3 gamma, CD3 delta, CD3

epsilon, CD79a, CD79b, DAP1 0 , and DAP1 2 .

The term "zeta" or alternatively "zeta chain", "CD3-zeta" or "TCR-zeta" is defined as the protein

provided as GenBan Acc. No. BAG36664.1 , or the equivalent residues from a non-human species, e.g.,

mouse, rodent, monkey, ape and the like, and a "zeta stimulatory domain" or alternatively a "CD3-zeta

stimulatory domain" or a "TCR-zeta stimulatory domain" is defined as the amino acid residues from the

cytoplasmic domain of the zeta chain, or functional derivatives thereof, that are sufficient to functionally

transmit an initial signal necessary for T cell activation. In one aspect the cytoplasmic domain of zeta

comprises residues 52 through 164 of GenBank Acc. No. BAG36664.1 or the equivalent residues from a

non-human species, e.g. , mouse, rodent, monkey, ape and the like, that are functional orthologs thereof.

The term a "costimulatory molecule" refers to a cognate binding partner on a T cell that

specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by the T cell,

such as, but not limited to, proliferation . Costimulatory molecules are cell surface molecules other than

antigen receptors or their ligands that contribute to an efficient immune response. Costimulatory

molecules include, but are not limited to an MHC class I molecule, BTLA and a Toll ligand receptor, as

well as OX40, CD27, CD28, CDS, ICAM-1 , LFA-1 (CD1 1a/CD1 8), ICOS (CD278), and 4-1 BB (CD1 37).

Further examples of such costimulatory molecules include CDS, ICAM-1 , G ITR, BAFFR, HVEM

(LIGHTR), SLAMF7, NKp80 (KLRF1 ) , NKp44, NKp30, NKp46, CD1 60, CD1 9 , CD4, CD8alpha, CD8beta,

IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1 , CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f,

ITGAD, CD1 1d , ITGAE, CD1 03, ITGAL, CD1 1a , LFA-1 , ITGAM, CD1 1b, ITGAX, CD1 1c , ITGB1 , CD29,

ITGB2, CD1 8 , LFA-1 , ITGB7, NKG2D, NKG2C, TNFR2, TRANCE/RAN KL, DNAM1 (CD226), SLAMF4

(CD244, 2B4), CD84, CD96 (Tactile), CEACAM1 , CRTAM, Ly9 (CD229), CD1 60 (BY55), PSGL1 , CD1 00

(SEMA4D), CD69, SLAMF6 (NTB-A, Ly1 08), SLAM (SLAMF1 , CD1 50, IPO-3), BLAME (SLAMF8),

SELPLG (CD1 62), LTBR, LAT, GADS, SLP-76, PAG/Cbp, CD1 9a, and a ligand that specifically binds

with CD83.

A costimulatory intracellular signaling domain can be the intracellular portion of a costimulatory

molecule. A costimulatory molecule can be represented in the following protein families: TNF receptor

proteins, Immunoglobulin-like proteins, cytokine receptors, integrins, signaling lymphocytic activation

molecules (SLAM proteins), and activating NK cell receptors. Examples of such molecules include CD27,

CD28, 4-1 BB (CD1 37), OX40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, ICAM-1 , lymphocyte function-

associated antigen-1 (LFA-1 ) , CD2, CDS, CD7, CD287, LIGHT, NKG2C, NKG2D, SLAMF7, NKp80,

NKp30, NKp44, NKp46, CD1 60, B7-H3, and a ligand that specifically binds with CD83, and the like.

The intracellular signaling domain can comprise the entire intracellular portion, or the entire native

intracellular signaling domain, of the molecule from which it is derived, or a functional fragment or

derivative thereof.

The term "4-1 BB" refers to a member of the TNFR superfamily with an amino acid sequence

provided as GenBank Acc. No. AAA62478.2, or the equivalent residues from a non-human species, e.g. ,

mouse, rodent, monkey, ape and the like; and a "4-1 BB costimulatory domain" is defined as amino acid

residues 2 14-255 of GenBank Acc. No. AAA62478.2, or the equivalent residues from a non-human

species, e.g., mouse, rodent, monkey, ape and the like.



The term "encoding" refers to the inherent property of specific sequences of nucleotides in a

polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of other

polymers and macromolecules in biological processes having either a defined sequence of nucleotides

(e.g. , rRNA, tRNA and mRNA) or a defined sequence of amino acids and the biological properties

resulting therefrom . Thus, a gene, cDNA, or RNA, encodes a protein if transcription 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.

The term "expression" refers to the transcription and/or translation of a particular nucleotide

sequence driven by a promoter.

The term "transfer vector" refers to 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 "transfer vector" includes an

autonomously replicating plasmid. The term should also be construed to further include non-plasmid and

non-viral compounds which facilitate transfer of transgene into cells. In some instances, a transfer vector

is a plasmid DNA construct encoding transgene and lentiviral cis-elements required for packaging and

insertion into host genome.

The term "lentivirus" 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.

The term "lentiviral vector" refers to a vector including one or more nucleic acid sequences

derived from at least a portion of a lentivirus genome. A lentiviral vector may contains non-coding

sequences of one or more proteins from a lentivirus (e.g. , HIV-1 ) . A "lentiviral transfer vector" may

include a heterologous nucleic acid sequence, for example, to be transferred into a cell, and may further

include, for example, one or more lentiviral genes, or portions thereof. A "lentiviral packaging vector" may

include one or more genes encoding lentiviral proteins, or portions thereof. For example, a lentiviral

envelope protein may include a gene encoding an env protein, or a portion thereof. Transfection of host

cells with a transfer vector and one or more packaging vectors can be carried out in order to produce a

virus, which in turn to be used to infect target cells to express one or more transgenes comprised within a

heterologous nucleic acid sequence within the target cells. A "transgene" thus refers to a heterologous

gene that is transferred into a target cell, for example, using a lentiviral transfer vector of the invention . In

certain examples described herein, a transgene is a gene encoding a chimeric antigen receptor, such as

those described herein.

The term "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 .



The term "nucleic acid" or "polynucleotide" refers to deoxyribonucleic acids (DNA) or ribonucleic

acids (RNA) and polymers thereof in either single- or double-stranded form. Unless specifically limited,

the term encompasses nucleic acids containing known analogues of natural nucleotides that have similar

binding properties as the reference nucleic acid and are metabolized in a manner similar to naturally

occurring nucleotides. Unless otherwise indicated, a particular nucleic acid sequence also implicitly

encompasses conservatively modified variants thereof (e.g. , degenerate codon substitutions), alleles,

orthologs, SNPs, and complementary sequences as well as the sequence explicitly indicated .

Specifically, degenerate codon substitutions may be achieved by generating sequences in which the third

position of one or more selected (or all) codons is substituted with mixed-base and/or deoxyinosine

residues (Batzer et al. , Nucleic Acid Res. 19:5081 ( 1 991 ) ; Ohtsuka et al. , J . Biol. Chem. 260:2605-2608

( 1985) ; and Rossolini et al. , Mol . Cell. Probes 8:91 -98 ( 1994)).

The terms "peptide," "polypeptide," and "protein" are used interchangeably, and refer to a

compound comprised of amino acid residues covalently linked by 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. A polypeptide

includes a natural peptide, a recombinant peptide, or a combination thereof.

The term "promoter" refers to 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.

The term "promoter/regulatory sequence" refers to 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.

As used herein, a "poly(A)" is a series of adenosines attached by polyadenylation to the mRNA.

In the preferred embodiment of a construct for transient expression, the polyA is between 50 and 5000

nucleotides in length, preferably greater than 64 nucleotides, more preferably greater than 100

nucleotides, most preferably greater than 300 or 400 nucleotides. Poly(A) sequences can be modified

chemically or enzymatically to modulate mRNA functionality such as localization , stability or efficiency of

translation.

As used herein, "polyadenylation" refers to the covalent linkage of a polyadenylyl moiety, or its

modified variant, to a messenger RNA molecule. In eukaryotic organisms, most messenger RNA (m RNA)

molecules are polyadenylated at the 3' end. The 3' poly(A) tail is a long sequence of adenine nucleotides

(often several hundred) added to the pre-m RNA through the action of an enzyme, polyadenylate



polymerase. In higher eukaryotes, the poly(A) tail is added onto transcripts that contain a specific

sequence, the polyadenylation signal. The poly(A) tail and the protein bound to it aid in protecting mRNA

from degradation by exonucleases. Polyadenylation is also important for transcription termination, export

of the mRNA from the nucleus, and translation. Polyadenylation occurs in the nucleus immediately after

transcription of DNA into RNA, but additionally can also occur later in the cytoplasm. After transcription

has been terminated, the mRNA chain is cleaved through the action of an endonuclease complex

associated with RNA polymerase. The cleavage site is usually characterized by the presence of the base

sequence AAUAAA near the cleavage site. After the mRNA has been cleaved, adenosine residues are

added to the free 3' end at the cleavage site.

The term "subject" is intended to include a living organism (e.g., mammals, human). In some

instances, a subject may be a subject in which an immune response can be elicited.

The term "transfected" or "transformed" or "transduced" 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. An "infected" cell is one that has be transfected,

transformed, or transduced with a pathogen, for example, a virus (e.g., a lentivirus). In some instances,

one or more viral nucleic acid elements may be integrated into the genome of an infected cell.

The invention provides several advantages. For example, the viral transfer vectors of the

invention can be used to achieve increased production of viral genomic RNA in packaging cells,

increased nuclear export of RNA, and increased viral titer. In addition, the viral transfer vectors can be of

a size that is relatively small, compared to prior vectors, which facilitates ease of use and permits the

insertion of larger heterologous sequences.

Other features and advantages of the invention will be apparent from the following detailed

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic showing the feature map of the pCINS lentiviral transfer vector. P-CMV =

cytomegalovirus (CMV) promoter; R = LTR R region, U5 = LTR U5 region, PBS = primer binding site; SD

= major splice donor site; psi = packaging signal ; RRE = Rev-response element; SA7 = splice acceptor

site; cPPT = central polypurine tract; SA1 = splice acceptor site; EF1 A = human EF1 alpha promoter;

EG FP = GFP reporter open reading frame (ORF) ; WPRE = woodchuck hepatitis virus post-transcriptional

regulatory element; SV40 polyA = SV40 polyadenylation sequence; nptl l = kanamycin resistance gene;

pUC ori = origin of replication from pUC.

Fig. 2 is a schematic showing the restriction map of the pCINS lentiviral transfer vector, including

the location of each restriction site within the vector sequence.

Fig. 3 is a schematic showing the feature map of the pNOX lentiviral transfer vector. P-CMV =

cytomegalovirus (CMV) promoter; R = LTR R region, U5 = LTR U5 region, PBS = primer binding site; SD

= major splice donor site; psi = packaging signal ; RRE = Rev-response element; SA7 = splice acceptor

site; cPPT = central polypurine tract; SA1 = splice acceptor site; EF1 A = human EF1 alpha promoter;

EG FP = GFP reporter open reading frame (ORF) ; HPRE-NoX = hepatitis B post-transcriptional regulatory



element, without ORF encoding X protein ; dU3 = truncated LTR U3 region ; SV40 polyA = SV40

polyadenylation sequence; nptl l = kanamycin resistance gene; pUC ori = origin of replication from pUC.

Fig. 4 is a schematic showing the restriction map of the pNOX lentiviral transfer vector, including

the location of each restriction site within the vector sequence.

Fig. 5 is a series of graphs showing the performance of the GFP-encoding pCINS and pNOX

vectors relative to each other and in comparison to other lentiviral vectors. The following packaging

vectors were used in these experiments: pNVS-MDG-VSVG-Kan ; pNVS-MDLgp-RRE ; pNVS RSV Rev-

Kan. (A) Use of the pCINS transfer vector results in viral titer several times higher than that generated

using the parental transfer vector before optimization. (B) The pCINS and pNOX vectors generate similar

viral titers in 293T cells. (C) pNOX generated higher viral titers in Jurkat cells compared to pCINS. (D)

Transduction of primary human T cells with pCINS or pNOX resulted in the generation similar

percentages of GFP-expressing T cells, indicating that pCINS and pNOX generate similar infectious titers

in primary human T cells. (E) A population of T cells that had been transduced with pNOX, which

contains the HPRE post-transcriptional regulatory element, showed similar quantities of GFP+ cells after

integration of lentiviral vector sequences compared to a population of T cells transduced with pCINS,

which contains the WPRE post-transcriptional regulatory element.

Fig. 6 is a schematic showing certain features that were modified in a strategy undertaken to

optimize a lentiviral production system.

Fig. 7 is a set of graphs showing the performance of the parental transfer vector and pNLV

transfer vectors relative to each other. (A) Use of the pNLV lentiviral backbone produces more packaged

lentiviral genomic RNA than the control GFP vector lentiviral backbone, as measured by qRT-PCR using

Lenti-X qRT-PCR Titration Kit (Clontech). (B) Transduction of 293T cells with the pNLV vector generated

higher viral titers compared to the control transfer vector, as measured by proviral integration assay using

qPCR.

Fig. 8 is a series of plots showing FACS measurements of transgene expression in SupT1 cells

transduced with pCINS or pNLV lentiviral vectors expressing a transgene (e.g. , a CAR). (A) FACS plot of

cells transduced with a pCINS lentiviral vector containing a transgene, using a PE-conjugated antibody as

a detection reagent for the transgene on the surface. (B) FACS plot of cells transduced with a pNLV

lentiviral vector containing a transgene, using a PE-conjugated antibody as a detection reagent for the

transgene. (C) Plot comparing the MFI measured in the FACS analyses of (A-B), showing higher surface

expression of the transgene in cells transduced with the pNLV transfer vector.

Fig. 9 is a series of graphs comparing the viral titers of commercial transfer vectors to a control

vector, which is GFP-encoding SIN transfer vector before optimization, and to the pCINS and pNLV

transfer vectors. (A) The second generation pLVX (Clontech) lentiviral vector was produced with Tat-

expressing construct and transduced into 293T cells and was found to have a slightly higher viral titer

than a control transfer vector. (B) The pLenti6.2 (Life Technologies) lentiviral vector was transduced into

cells and was found to have a large decrease in viral titer compared to the control transfer vector. (C)

The pD21 09 (DNA2.0) lentiviral vector was transduced into cells and was found to have a small decrease

in viral titer compared to the control transfer vector. (D) The pCINS lentiviral vector was transduced into

cells and was found to have a much higher viral titer than the control transfer vector. (E) The pNLV



lentiviral vector was transduced into cells and was found to have a higher viral titer than the pCINS

transfer vector.

Fig. 10 is a schematic and plot comparing the effects of different splice site mutations in control

non-optimized transfer construct on viral titer. (A) Panel A shows a schematic showing the lentiviral

backbone with labeled arrowheads denoting the location of the splice donor and splice acceptor sites that

were mutated for subsequent viral titer determination. (B) The various splice donor and splice acceptor

site mutants of the indicated transfer vector were transduced into cells and the viral titer was compared

across the panel of mutants to a control transfer vector. All of the mutations led to a large decrease in

viral titer, with the SA7mut and E-SAmut transfer vectors having slightly improved titers.

Fig. 11 is a schematic and plot of a transfer vector backbone containing gag and/or env-derived

sequence deletions and comparing the subsequent effects on viral titer. (A) Panel A shows a schematic

of the lentiviral backbone with annotations indicating the approximate location of gag and/or env

deletions. (B) Transfer vector constructs with deletions in the env and/or gag regions were transduced

into cells and the viral titer was determined. Compared to a control transfer vector, the -env3' and -

gag3'-env5' mutants had a decrease in viral titer, while the -env5' and -gag3' showed little difference in

viral titer.

Fig. 12 is a series of schematics representing several sequence alignments between the pNLV

transfer vector and the pRRLSIN transfer vector across key viral cis elements. (A) Panel A shows a

schematic of the alignment between the psi regions of the two vectors, with the shaded regions denoting

areas of sequence variation. (B) Panel B shows a schematic of the alignment between the gag regions of

the two vectors, with the shaded regions denoting areas of sequence variation. (C) Panel C shows a

schematic of the alignment between the env regions of the two vectors, with the shaded regions denoting

areas of sequence variation. (D) Panel D shows a schematic of the alignment between the RRE regions

of the two vectors, with the shaded regions denoting areas of sequence variation. (E) Panel E shows a

schematic of the alignment between the env (with major splice acceptor site 7) regions of the two vectors,

with the shaded regions denoting areas of sequence variation. (F) Panel F shows a schematic of the

alignment between the pol (with cPPT and major splice acceptor site 1) regions of the two vectors, with

the shaded regions denoting areas of sequence variation. # = Single-nucleotide substitution. Top row =

pNLV; bottom row = pRRLSIN. pRRLSIN sequence corresponds to the sequence of the

pRRLSIN.cPPT. PGK-G FP.WPRE vector (Addgene Plasmid # 12252). The pNLV cPPT sequence is that

of SEQ ID NO:92.

Fig. 13 is a schematic showing a feature map of the pNLV lentiviral transfer vector.

Fig. 14 is a schematic showing the restriction map of the pNLV lentiviral transfer vector, including

the location of each restriction site within the vector sequence.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides lentiviral transfer vectors and uses thereof. Generally, the

lentiviral transfer vectors of the invention include a heterologous nucleic acid sequence, such as, for

example, a sequence encoding a transgene (e.g. , a gene encoding a chimeric antigen receptor (CAR) ;

see below). The lentiviral transfer vectors further include a combination of two or more additional

desirable features, as described below.



The lentiviral transfer vectors of the invention can be useful, for example, in providing a

heterologous nucleic acid sequence to a host cell for packaging into a virus, which in turn can be used for

expressing a transgene within the heterologous nucleic acid sequence in a desired target cell. For

example, the lentiviral transfer vectors may be introduced into a host cell in combination with, for

example, one or more packaging vectors, such that the host cell produces a lentivirus. The lentivirus can

then be used, for example, to infect a desired target cell. In certain instances, lentiviral infection of the

desired target cell may result in integration of one or more nucleic acid sequences from the lentiviral

transfer vector (e.g. , a heterologous nucleic acid encoding a transgene) into the genome of the desired

target cell (e.g. , a T cell). Thus, the transduced cell may be capable of expressing one or more genes

(e.g. , a CAR gene) present in the heterologous nucleic acid and/or the viral elements, and this capability

may be passed on to the progeny of the transduced cell.

Introduction of nucleic acid sequences from the lentiviral transfer vector of the invention into a

target cell, via a lentivirus generated in a host cell , can enable expression , by the target cell, of elements

from the lentiviral transfer vector (e.g., the heterologous nucleic acid encoding the transgene).

Transfer Vector Elements

Lentiviral transfer vectors of the invention include elements suitable for enabling transfer of

heterologous nucleic acids present in the lentiviral transfer vector into a cell (e.g., a cell transfected with

the lentiviral transfer vector, and optionally one or more additional vectors, such as packaging vectors).

In particular, lentiviral transfer vectors of the invention are generally characterized by at least two of the

following features: (a) including a cytomegalovirus (CMV) promoter; (b) including a polynucleotide

encoding at least a portion of a gag protein that includes a mutated INS1 inhibitory sequence that reduces

restriction of nuclear export of RNA relative to wild-type INS1 ; (c) not including a polynucleotide encoding

INS2, INS3, and INS4 inhibitory sequences of gag ; and (d) not including an SV40 origin of replication

and/or an f 1 origin of replication. In some instances, a lentiviral transfer vector of the invention includes a

cPPT element having a length of about 178 nucleotides (e.g., about 100, 110 , 120, 125, 130, 140, 150,

160, 170, 175, 178, 180, 190, 200, 225, or 250 nucleotides). In one instance, the cPPT element has a

length of 178 nucleotides. In certain instances, the vector includes a Kozak sequence positioned

upstream (e.g., immediately upstream) of a heterologous nucleic acid or transgene to be transferred into

a host cell.

In some instances, the lentiviral transfer vectors may include one or more of the following : a

promoter (e.g., a CMV, RSV, or EF1 a promoter) driving expression of one or more viral sequences, long

terminal repeat (LTR) regions (e.g., an R region or an U5 region), a primer binding site (PBS), a

packaging signal (psi) (e.g., a packaging signal including a major splice donor site (SD)), a partial gag

sequence (e.g. , as described herein), a partial env sequence, a Rev-response element (RRE), additional

partial env sequence, optionally including a splice acceptor site (e.g. , an SA7 splice acceptor), a partial

pol sequence including a central polypurine tract (cPPT) (e.g. , a cPPT comprising a splice acceptor site,

e.g. , SA1 ) , a subgenomic promoter (e.g. , P-EF1 a), a heterologous nucleic acid (e.g., a heterologous

nucleic acid including a gene encoding EG FP and/or a transgene of interest (e.g. , a CAR gene)), a post-

transcriptional regulatory element (e.g. , a WPRE or HPRE, optionally including an X protein mutation), a

polyA sequence (e.g. , an SV40 polyA tail), a selectable marker (e.g. , a kanamycin resistance gene (nptll),



ampicilin resistance gene, or a chloramphenicol resistance gene), and an origin of replication (e.g. , a pUC

origin of replication, an SV40 origin of replication, or an f 1 origin of replication). As noted above, the

lentiviral transfer vectors may include an EF1 a promoter, which can be used to drive expression of the

transgene. In particular instances, the EF1 a promoter includes a wild-type EF1 a promoter sequence

having the nucleic acid sequence of SEQ ID NO: 95. In some instances, cells transfected with a lentiviral

transfer vector of the invention and/or a packaging vector as described herein produce lentiviral RNA that

is primarily spliced. Lentiviral vectors of the invention may also include additional sequences (e.g. , vector

backbone sequences), such as well known in the art. In certain instances, lentiviral vectors of the

invention may include or incorporate sequences from the vectors described herein (e.g., pNOX, pCINS,

and/or pNLV). In particular instances, lentiviral vectors of the invention may include or incorporate vector

backbone sequences, or portions thereof, from vectors described herein (e.g. , pNOX, pCINS, and/or

pNLV). In one example, a lentiviral vector of the invention incorporates a vector backbone sequence, or

portion thereof, from pNLV.

The lentiviral transfer vector may also include elements suitable for driving expression of the

heterologous protein in a cell. In certain instances, a Kozak sequence is positioned upstream of the

heterologous protein open reading frame. For example, the lentiviral transfer vector may include a

promoter (e.g., a CMV, RSV, or EF1 a promoter) that controls the expression of the heterologous nucleic

acid. Other promoters suitable for use in the lentiviral transfer vector include, for example, constitutive

promoters or tissue/cell type-specific promoters. In some instances, the lentiviral transfer vector includes

a means of selectively marking a gene product (e.g. , a polypeptide or RNA) encoded by at least a portion

of the heterologous nucleic acid (e.g., a gene product of interest). For example, the lentiviral transfer

vector may include a marker gene (e.g. , a gene encoding a selectable marker, such as a fluorescent

protein (e.g. , GFP, YFP, RFP, dsRed, mCherry, or any derivative thereof)). The marker gene may be

expressed independently of the gene product of interest. Alternatively, the marker gene may be co-

expressed with the gene product of interest. For example, the marker gene may be under the control of

the same or different promoter as the gene product of interest. In another example, the marker gene may

be fused to the gene product of interest. The elements of the lentiviral transfer vectors of the invention

are, in general, in operable association with one another, to enable the transfer vectors to participate in

the formation of a lentivirus in a transfected cell , together with one or more packaging vectors.

Viral Proteins

In some instances, a lentiviral transfer vector of the invention may include one or more genes

encoding viral proteins, or portions thereof. For example, the lentiviral transfer vector may include a

polynucleotide encoding at least a portion of a gag protein (e.g., an H IV-1 gag protein). In various

examples, the sequence encoding the gag protein comprises 250 nucleotides or less, e.g., 200

nucleotides or less, 175 nucleotides or less, or 150 nucleotides or less. In one example, the sequence

encoding the gag protein comprises or consists of 168 nucleotides. The nucleotide sequence encoding

gag can include INS1 sequences (e.g., with the mutations noted below), but lack INS2, INS3, and INS4

sequences. The polynucleotide encoding the gag protein, or portion thereof, may include mutations that

inactivate one or more inhibitory sequences, for example, as described herein. Mutations in one or more

(e.g. , all) of the following nucleotides of the INS1 region can be included : G989, G992, C995, G998,



C999, G1004, C 1007T, and C 10 10 (using the pNLV sequence of Fig. 12B as a reference (pNLV)). In

specific examples, these mutations are as follows: G989A, G992A, C995T, G998A, C999T, G1004A,

C 1007T, and C 10 10A. Furthermore, sequences encoding gag can include an insertion resulting in a

frameshift and premature termination (see, e.g. , Fig. 12B, below) of undesirable production of gag

protein. In certain instances, a lentiviral transfer vector may include a partial gag sequence (e.g. , a partial

gag sequence positioned adjacent to and/or overlapping with a packaging signal in the lentiviral transfer

vector), a partial env sequence, and/or a partial pol sequence (e.g., a central polypurine tract from pol).

The partial gag, partial env, and/or partial pol sequences may, in certain instances, originate from HIV-1

(e.g. , HIV-1 isolate NL4-3 or SF3). In one example, the lentiviral transfer vector may include a partial gag

sequence under the control of a CMV promoter.

Post-Transcriptional Regulatory Elements (PREs)

A lentiviral transfer vector of the invention may include a post-transcriptional regulatory element

(PRE). PREs are nucleic acid sequences that contribute to regulation of expression of a DNA sequence

within which the PRE is located. For example, a PRE may be transcribed along with the rest of the DNA

sequence. The portion of the resulting mRNA molecule transcribed from the PRE may form a tertiary

structure that enhances expression of the gene product. A PRE may include, in some instances, three

components (alpha, beta, and gamma). The activity of the PRE may depend on how many of the

components are present. For example, a full tripartite PRE may be more active than the alpha

component alone. PREs suitable for inclusion in the lentiviral transfer vectors of the invention include, for

example, woodchuck hepatitis virus PRE (WPRE) and/or hepatitis B virus PRE (HPRE). In certain

instances, an HPRE may include a natural HPRE sequence (e.g . , a natural HPRE sequence derived from

hepatitis B virus isolate bba6, complete genome; GenBank: KP341 007. 1) . In some instances, a PRE in a

lentiviral transfer vector of the invention may be modified to inactivate an X protein, as described herein.

Omitted Elements

The present invention features lentiviral transfer vectors that have been optimized over existing

vectors. In some instances, it is desirable to reduce the size of a vector, such as a lentiviral transfer

vector of the invention. For example, redundant sequences or elements may be removed from a vector

to reduce its size. In certain instances, unneeded origins of replication (e.g . , an SV40 ori sequence

and/or an f 1 ori sequence) may be removed from a lentiviral vector. Thus, in various examples, the

lentiviral transfer vectors of the invention may be less than 8000 nucleotides in length, e.g., less than

7900, 7800, or 7700 nucleotides in length.

In some instances, portions of elements or genes encoded by a vector may be deleted from the

vector. For example, protein-coding genes may include inhibitory sequences. Such inhibitory sequences

may inhibit the expression, processing, and/or function of a gene. For example, the HIV-1 gag protein

includes a series of inhibitory RNA elements known as INS elements (e.g. , INS1 , INS2, INS3, and INS4).

Such INS elements are described, for example, in J. Virol. 7 1(7) :4892-4903, 1997; J. Virol. 66(1 2) :71 76-

7 182, 1992; and J. Virol. 68(6) :3784-3793, 1994; each of which is incorporated herein by reference. In

one example, INS1 is involved in restricting nuclear export of unspliced viral RNA (see, e.g. , J. Virol.

66(1 2) :71 76-71 82, 1992). Removal or mutation of one or more (e.g., 1, 2 , 3 , or 4) of these inhibitory



sequences (e.g. , by mutation of the nucleotides forming a particular INS element; see, e.g., above) from a

gene (e.g. , a gene encoding a gag protein, or a portion thereof) may therefore increase the expression,

processing, and/or function of the gene, or its gene product. In one example, mutation of the INS1

element in a gene encoding a gag protein, or a portion thereof, results in increased nuclear export of

unspliced viral RNAs.

In some instances, entire elements or genes encoded by a vector may be deleted from the

vector. For example, some post-transcriptional regulatory elements, such as WPRE, include a

polynucleotide encoding an X protein, or a portion thereof. The X protein has been implicated in

generation of liver cancers (see, e.g. , Gene Ther. 12(1 ) :3-4, 2005; incorporated herein by reference) . As

such, it may be beneficial from a biosafety standpoint to prevent X protein activity, function, and/or

expression from the PRE of a lentiviral transfer vector of the invention. For example, the X protein-

encoding gene may be deleted from the vector. Alternatively, the start codon of the X protein-encoding

gene may be mutated (e.g., from ATG to AGG), thereby preventing translation of the X protein. In

another alternative, one or more inactivating mutations may be introduced into the X protein amino acid

sequence that prevents its function. Further approaches for inactivating the X protein include mutation

methods well known in the art.

Packaging Vectors

The lentiviral transfer vectors of the invention may be co-transfected into a cell together with one

or more additional vectors. In some instances, the one or more additional vectors may include lentiviral

packaging vectors. In certain instances, the one or more additional plasmids may include an envelope

plasmid (e.g. , an envelope plasmid encoding VSV-G , such as pMD.G). Generally, a packaging vector

includes one or more polynucleotide sequences encoding lentiviral proteins (e.g. , gag, pol, env, tat, rev,

vif, vpu, vpr, and/or nef protein, or a derivative, combination, or portion thereof). A packaging vector to be

co-transfected into a cell with a lentiviral transfer vector of the invention may include sequence(s)

encoding one or more lentiviral proteins not encoded by the lentiviral transfer vector. For example, a

lentiviral transfer vector may be co-transfected with a first packaging vector encoding gag and pol and a

second packaging vector encoding rev. Thus, co-transfection of a lentiviral transfer vector with such

packaging vector(s) may result in the introduction of all genes required for viral particle formation into the

cell, thereby enabling the cell to produce viral particles that may be isolated. Appropriate packaging

vectors for use in the invention can be selected by those of skill in the art based on , for example,

consideration of the features selected for a lentiviral transfer vector of the invention. For examples of

packaging vectors that can be used or adapted for use in the invention see, e.g. , WO 03/064665, WO

2009/1 53563, U.S. Patent No. 7,41 9,829, WO 2004/022761 , U.S. Patent No. 5,81 7,491 , WO 99/41 397,

U.S. Patent No. 6,924,1 23, U.S. Patent No. 7,056,699, WO 99/32646, WO 98/51 8 10 , and WO 98/1 781 5 .

In some instances, a packaging plasmid may encode a gag and/or pol protein, and may optionally include

an RRE sequence (e.g., an pMDLgpRRE vector; see, e.g. , Dull et al. , J . Virol. 72(1 1) :8463-8471 , 1998).

In certain instances, a packaging vector may encode a rev protein (e.g., a pRSV-Rev vector).

Host Cells for Lentivirus Production



A lentiviral transfer vector of the invention may be introduced into a host cell (packaging cell).

The lentiviral transfer vector is generally co-transfected into the host cell together with one or more

additional vectors (e.g. , one or more packaging vectors). The one or more additional vectors may encode

viral proteins and/or regulatory proteins. Co-transfection of the lentiviral transfer vector and the one or

more additional vectors enables the host cell to produce a lentivirus (e.g. , a lentivirus encoding a

heterologous nucleic acid sequence from the lentiviral transfer vector). Lentiviruses produced by a host

cell as described herein may be used to infect another cell. The heterologous nucleic acid and/or one or

more additional elements (e.g. , promoters and viral elements) may be integrated into the genome of the

infected cell, thereby permitting the cell and its progeny to express gene(s) originating from the lentiviral

transfer vector.

A packaging cell suitable for transfection with the lentiviral transfer vector (and one or more

packaging vectors) may be a eukaryotic cell, such as a mammalian cell. The host cell may originate from

a cell line (e.g. , an immortalized cell line). For example, the host cell may be a HEK 293 cell (e.g. , a 293T

cell including the SV40 large T-antigen). Information regarding cells that are transduced by the

lentiviruses is provided below.

Target cell is the cell, which is infected (transduced) with lentiviral vector (lentivirus) encoding

transgene of interest. After transduction, transgene of interest is stably inserted into target cell genome

and can be detected by molecular biology methods such as PCR and Southern blot. Transgene can be

expressed in target cell and detected by flow cytometry or Western blot. In some instances, target cell is

a human cell. In certain instances, the host cell is a particular cell type of interest, e.g., a primary T cell,

SupT1 cell, Jurkat cell, or 293T cell.

Methods of Producing Lentiviruses

The lentiviral transfer vectors of the invention may be useful for producing lentiviruses in cells

(e.g. , a host cell as described herein). A method of producing a lentivirus using a lentiviral transfer vector

described herein will generally involve introducing the lentiviral transfer vector and one or more additional

vectors (e.g. , a lentiviral packaging vector) into the cell . The vectors may be introduced into the cell using

transfection methods well known in the art. After transfection, the cell may be permitted to express viral

proteins encoded by the lentiviral transfer vector and/or the one or more additional vectors (e.g . , by

incubating the cell under standard conditions known in the art for inducing viral gene expression). In

some instances, the viral genes are expressed under the control of a constitutive or inducible promoter.

In the latter case, viral gene expression may be selectively induced by incubating the cell under

conditions suitable for activating the inducible promoter. Viral proteins produced by the cell may

subsequently form a viral particle, which buds from the cell surface and can be isolated from the solution

(e.g. , according to methods well known in the art). During formation of the virus, a polynucleotide

including the sequence of the heterologous nucleic acid may be incorporated into the viral particle. Thus,

this process yields a lentivirus that includes the heterologous nucleic acid originating from the lentiviral

transfer vector.



Heterologous Nucleic Acids

The present invention features a lentiviral transfer vector that includes a heterologous nucleic

acid. The heterologous nucleic acid may include a transgene of interest (e.g. , a gene encoding a

polypeptide or a gene for a noncoding RNA) that is to be expressed in a cell. In some instances, the

heterologous protein ORF is positioned downstream of a Kozak sequence. The gene of interest may be,

in certain instances, associated with (e.g. , fused to) a marker gene, as described herein. In some

instances, the heterologous nucleic acid of the lentiviral transfer vector will be present in a lentivirus

produced in a cell transfected with the lentiviral transfer vector and, optionally, one or more additional

vectors (e.g. , packaging vectors). In certain instances, the heterologous nucleic acid may be integrated

into the genome of a cell infected with the lentivirus. Integration of the heterologous nucleic acid into the

genome of such a cell may permit the cell and its progeny to express the gene of interest. The gene of

interest may be any gene known in the art. Exemplary genes of interest include, without limitation, genes

encoding chimeric antigen receptors (CARs), binding moieties (e.g. , antibodies and antibody fragments),

signaling proteins, cell surface proteins (e.g., T cell receptors), proteins involved in disease (e.g. , cancers,

autoimmune diseases, neurological disorders, or any other disease known in the art), or any derivative or

combination thereof.

Chimeric Antigen Receptors

A lentiviral transfer vector of the invention may be used to induce the production of a chimeric

antigen receptor (CAR) in a cell. A CAR may be a transmembrane protein including (i) an extracellular

antigen binding domain, (ii) a transmembrane domain , and (iii) an intracellular signaling domain. A CAR

encoded by a lentiviral transfer vector of the present invention may be any CAR known in the art. In one

embodiment, the CAR includes an anti-CD1 9 antibody or a fragment thereof, a 4-1 BB (CD1 37)

transmembrane domain, and a CD3-zeta signaling domain.

Antigen Binding Domain

The present invention can be used to make 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 undesired cells (e.g. ,

cancer cells). 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).

In some instances, the antigen binding domain is capable of specifically binding to an antigen

selected from the group consisting of CD1 9 ; CD1 23; CD22; CD30; CD1 7 1 ; CS-1 ; C-type lectin-like

molecule-1 , CD33; epidermal growth factor receptor variant III (EGFRvll l) ; ganglioside G2 (GD2) ;

ganglioside GD3; 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 (CD1 17) ; lnterleukin-1 3 receptor subunit alpha-2; mesothelin ; Interleukin 11 receptor alpha

(IL-1 1Ra) ; prostate stem cell antigen (PSCA) ; Protease Serine 2 1 ; 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 (EG FR) ; 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 (IG F-I receptor), carbonic anhydrase IX (CAIX) ; Proteasome (Prosome,

Macropain) Subunit, Beta Type, 9 (LMP2) ; glycoprotein 100 (gp1 00) ; 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; transglutaminase 5 (TGS5) ; 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 (GPRC5D) ;

chromosome X open reading frame 6 1 (CXORF61 ); CD97; CD1 79a; 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

(G PR20) ; lymphocyte antigen 6 complex, locus K 9 (LY6K); Olfactory receptor 5 1 E2 (OR51 E2) ; TCR

Gamma Alternate Reading Frame Protein (TARP) ; Wilms tumor protein (WT1 ) ; Cancer/testis antigen 1

(NY-ESO-1 ); Cancer/testis antigen 2 (LAGE-1 a) ; Melanoma-associated antigen 1 (MAGE-A1 ); ETS

translocation-variant gene 6 , located on chromosome 12p (ETV6-AML) ; sperm protein 17 (SPA1 7) ; 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 , melanoma antigen recognized by T cells 1; Rat sarcoma (Ras) mutant; human Telomerase

reverse transcriptase (hTERT) ; sarcoma translocation breakpoints; melanoma inhibitor of apoptosis (ML-

IAP); ERG (transmembrane protease, serine 2 (TMPRSS2) ETS fusion gene) ; N-Acetyl glucosaminyl-

transferase V (NA1 7) ; paired box protein Pax-3 (PAX3) ; Androgen receptor; Cyclin B 1 ; v-myc avian

myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN) ; Ras Homolog Family

Member C (RhoC) ; Tyrosinase-related protein 2 (TRP-2) ; Cytochrome P450 1B 1 (CYP1 B 1) ; CCCTC-

Binding Factor (Zinc Finger Protein)-Like, Squamous Cell Carcinoma Antigen Recognized By T Cells 3

(SART3) ; Paired box protein Pax-5 (PAX5) ; 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 (RAG E-1 ) ; renal ubiquitous 1 (RU 1);

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 (LAI R 1) ; Fc fragment of IgA receptor (FCAR or

CD89) ; Leukocyte immunoglobulin-like receptor subfamily A member 2 (LILRA2) ; CD300 molecule-like

family member f (CD300LF) ; C-type lectin domain family 12 member A (CLEC1 2A) ; bone marrow stromal



cell antigen 2 (BST2) ; EG F-like module-containing mucin-like hormone receptor-like 2 (EMR2) ;

lymphocyte antigen 75 (LY75) ; Glypican-3 (GPC3) ; Fc receptor-like 5 (FCRL5) ; and immunoglobulin

lambda-like polypeptide 1 (IGLL1 ) .

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 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, CD1 1b, C 14 , CD1 5 , 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, CD1 1b, C 14 ,

CD1 5 , and CD66b.

Antigen Binding Domain Structures

The antigen binding domain of a CAR may include, for example, any polypeptide binding moiety

known in the art. For example, the antigen binding domain may include an antibody or antibody fragment

(e.g. , an scFv, a Fv, a Fab, a (Fab')2, a single domain antibody (SDAB), a VH or VL domain, a camelid

VHH domain or a bi-functional (e.g. bi-specific) hybrid antibody). In preferred instances, the antigen

binding domain includes an scFv. In some instances, the antigen binding domain may include the

antigen binding domain is a T cell receptor (TCR), or a fragment thereof, for example, a single chain TCR

(scTCR). In certain instances, the antigen binding domain is a bi- or multi- specific molecule (e.g., a

multispecific antibody molecule). In some instances, the antigen binding domain recognizes one or more

particular target molecule(s) of interest. A target molecule of interest may be, for example, associated

with a disease or the development thereof.

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 5-1 0 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. 2005/01 00543,

2005/01 75606, 2007/001 4794, and PCT publication Nos. WO2006/020258 and WO2007/02471 5 , is

incorporated herein by reference.



An scFv can comprise a linker of at least 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 (Gly4Ser)n, where n is a positive integer equal to or greater than 1

(SEQ ID NO: 22). In one embodiment, the linker can be (Gly4Ser)4 (SEQ ID NO: 29) or (Gly4Ser)3(SEQ ID

NO: 30). Variation in the linker length may retain or enhance activity, giving rise to superior efficacy in

activity studies.

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 : 1369-1 377 (2000) ; Zhang T et al, Cancer Gene Ther 11: 487-496

(2004) ; Aggen et al, Gene Ther. 19(4) :365-74 (201 2) (references are incorporated herein by its entirety).

For example, scTCR can be engineered that contains the Va and νβ 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 certain embodiments, the encoded antigen binding domain has a binding affinity KD of 10~4 M

to 10 8 M .

In one embodiment, the encoded CAR molecule comprises an antigen binding domain that has a

binding affinity KD of 10 4 M to 10 M , e.g . , 10 M to 10 7 M , e.g., 10 M or 10 7 M , for the target antigen.

In one embodiment, the antigen binding domain 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 embodiment, the encoded antigen binding domain has a binding affinity at least 5-fold less

than a reference antibody (e.g. , an antibody from which the antigen binding domain is derived). 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 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 6,1 14,1 48.

Specific Antigen Antibody Pairs



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, 12 1(7) : 1165-1 174 (201 3) ; Wayne et al., Clin

Cancer Res 16(6) : 1894-1 903 (201 0) ; Kato et al., Leuk Res 37(1 ) :83-88 (201 3) ; Creative BioMart

(creativebiomart.net) : MOM-1 8047-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) : 1 329-37; Tai et al. , 2007, Blood.

110(5) :1 656-63.

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, Abeam, for example, PE-CLL1 -hu Cat# 353604

(BioLegend) ; and PE-CLL1 (CLEC1 2A) 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., Brass et al. , Clin Cancer Res 7(6) : 1 490-1 496 (2001 )

(Gemtuzumab Ozogamicin, hP67.6),Caron et al. , Cancer Res 52(24) :6761 -6767 ( 1992) (Lintuzumab,

HuM1 95), Lapusan et al., Invest New Drugs 30(3) : 1 12 1- 1 13 1 (201 2) (AVE9633), Aigner et al. , Leukemia

27(5) : 1107-1 115 (201 3) (AMG330, CD33 BiTE), Dutour et al. , Adv hematol 201 2:683065 (201 2), and

Pizzitola et al., Leukemia doi : 1 0 .1038/Lue.201 4.62 (201 4).

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) :1 098-1 104 ( 1 987) ; Cheung et

al., Cancer Res 45(6) :2642-2649 ( 1 985), Cheung et al. , J Clin Oncol 5(9) :1 430-1 440 ( 1 987), Cheung et

al., J Clin Oncol 16(9) :3053-3060 ( 1 998), Handgretinger et al. , Cancer Immunol Immunother 35(3) : 1 99-

204 ( 1 992). In some embodiments, an antigen binding domain against GD2 is an antigen binding portion

of an antibody selected from mAb 14.1 8 , 14G2a, ch1 4 .18 , hu1 4.1 8 , 3F8, hu3F8, 3G6, 8B6, 60C3, 10B8,

ME36. 1, and 8H9, see e.g. , WO201 2033885, WO201 3040371 , WO201 3 192294, WO201 3061 273,

WO201 3 123061 , WO201 307491 6 , and WO201 385552. In some embodiments, an antigen binding

domain against GD2 is an antigen binding portion of an antibody described in US Publication No. :

201 001 5091 0 or PCT Publication No. : WO 201 11601 19 .

In one embodiment, an antigen binding domain against BCMA is an antigen binding portion, e.g . ,

CDRs, of an antibody described in, e.g., WO201 2 163805, WO2001 1281 2 , and WO2003062401 .

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) :1 0056-1 0061

(201 0), and Stone et al. , Oncolmmunology 1(6) :863-873(201 2).

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) :1 36-1 45 (201 3), US

201 10268656 (J591 ScFv) ; Frigerio et al, European J Cancer 49(9) :2223-2232 (201 3) (scFvD2B) ; WO

20061 25481 (mAbs 3/A1 2 , 3/E7 and 3/F1 1) 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(1 2) :31 53-31 64 (201 3) ; WO

201 1159847; and US201 301 0 1607.

In one embodiment, an antigen binding domain against FLT3 is an antigen binding portion, e.g. ,

CDRs, of an antibody described in, e.g., WO201 1076922, US5777084, EP0754230, US20090297529,

and several commercial catalog antibodies (R&D, ebiosciences, Abeam).



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) : 1 163-1 170 ( 1 997) ; and

Abeam 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) (FAP5), US Pat. Publication No. 2009/030471 8 ; sibrotuzumab (see e.g., Hofheinz et al . , Oncology

Research and Treatment 26(1 ) , 2003) ; and Tran et al. , J Exp Med 2 10(6) :1 125-1 135 (201 3).

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 ) : 1 261 - 1262 (201 0) ; MOR202 (see, e.g. , US

8,263,746) ; or antibodies described in US8,362,21 1.

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 (201 3).

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) : 1 095-1 107 (201 2).

In one embodiment, an antigen binding domain against EPCAM is an antigen binding portion,

e.g. , CDRS, of an antibody selected from MT1 10 , 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).

In one embodiment, an antigen binding domain against KIT is an antigen binding portion, e.g. ,

CDRs, of an antibody described in, e.g., US791 5391 , US201 20288506 , and several commercial catalog

antibodies.

In one embodiment, an antigen binding domain against IL-1 3Ra2 is an antigen binding portion,

e.g. , CDRs, of an antibody described in , e.g., WO2008/1 4691 1, WO2004087758, 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 B 1 , and EP0805871 .

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 201 20276046; EP1 0 13761 ;

WO2005035577; and US6437098.

In one embodiment, an antigen binding domain against CD1 7 1 is an antigen binding portion, e.g. ,

CDRs, of an antibody described in, e.g., Hong et al . , J Immunother 37(2) :93-1 04 (201 4).

In one embodiment, an antigen binding domain against IL-1 1Ra is an antigen binding portion,

e.g. , CDRs, of an antibody available from Abeam (cat# ab55262) or Novus Biologicals (cat# EPR5446).

In another embodiment, an antigen binding domain again IL-1 1Ra is a peptide, see, e.g., Huang et al. ,

Cancer Res 72(1 ) :271 -281 (201 2).

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(1 0) :1 12 1- 1 13 1 (2007) (scFv 7F5);



Nejatollahi et al. , J of Oncology 201 3(201 3), article ID 839831 (scFv C5-II) ; and US Pat Publication No.

2009031 118 1 .

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(1 1):3953-3968 (201 0).

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) :41 1-423 (2008)

(hu3S1 93 Ab (scFvs)) ; Dolezal et al. , Protein Engineering 16(1 ) :47-56 (2003) (NC1 0 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) :1 375-1 384 (201 2).

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

portion, e.g., CDRs, of an antibody Abeam ab32570.

In one embodiment, an antigen binding domain against SSEA-4 is an antigen binding portion,

e.g. , CDRs, of antibody MC81 3 (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 GA1 0 1 .

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 US201 200091 8 1 ;

US4851 332, 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 MUC1 is an antigen binding portion, e.g . ,

CDRs, of the antibody SAR566658.

In one embodiment, the antigen binding domain against EG FR 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(1 9) :4565-4576 (201 2).

In one embodiment, an antigen binding domain against IG F-I receptor is an antigen binding

portion, e.g., CDRs, of an antibody described in, e.g . , US83441 12 B2; EP2322550 A 1 ; WO 2006/1 3831 5 ,

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 3031 23 (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., US7.41 0,640, or US200501 29701 .

In one embodiment, an antigen binding domain against gp1 00 is an antigen binding portion, e.g. ,

CDRs, of the antibody HMB45, NKIbetaB, or an antibody described in WO201 3 165940, or

US201 30295007

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 US1 9950504048.



In one embodiment, an antigen binding domain against EphA2 is an antigen binding portion, e.g . ,

CDRs, of an antibody described in, e.g., Yu et al., Mol Ther 22(1 ) : 1 02-1 11 (201 4).

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 201 20276046; EP1 0 13761 A3 ;

201 20276046; WO2005035577; 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. , US201 002971 38; or WO2007/067992.

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 201 3 190 (Meeting Abstract Supplement) 177.1 0 .

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 3(1 ) :e271 85 (201 4) (PMID:

24575382) (mAb9.2.27) ; US6528481 ; WO201 0033866; or US 201 400041 24.

In one embodiment, an antigen binding domain against o-acetyl-G D2 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., J Immunol Methods 363(2) :221 -232 (201 1) .

In one embodiment, an antigen binding domain against CLDN6 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 ,41 5 ; or US8,309,693.

In one embodiment, an antigen binding domain against GPRC5D is an antigen binding portion,

e.g. , CDRs, of the antibody FAB6300A (R&D Systems) ; or LS-A41 80 (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., US6,846,91 1;de Groot et al., J Immunol 183(6) :41 27-41 34

(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) : 1 561 - 1571 (201 0).

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

(201 3).

In one embodiment, an antigen binding domain against PLAC1 is an antigen binding portion, e.g. ,

CDRs, of an antibody described in, e.g., Ghods et al. , Biotechnol Appl Biochem 201 3

doi : 1 0 .1002/bab. 1177.

In one embodiment, an antigen binding domain against GloboH is an antigen binding portion of

the antibody VK9; or an antibody described in, e.g. , Kudryashov V et al, Glycoconj J.1 5(3) :243-9 ( 1998),



Lou et al. , Proc Natl Acad Sci USA 111(7) :2482-2487 (201 4) ; MBr1 : Bremer E-G et al. J Biol Chem

259:1 4773-1 4777 ( 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., AppI 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(1 76) :1 76ra33 (201 3) ; or

WO201 2/1 35854.

In one embodiment, an antigen binding domain against MAG E-A1 is an antigen binding portion,

e.g. , CDRs, of an antibody described in , e.g., Willemsen et al., J Immunol 174(1 2) :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 201 3 Aug 14 (PMI D :

2394331 3) ; Song et al. , Med Oncol 29(4) :2923-2931 (201 2).

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, EP251 4766 A2; or US 7,749,71 9 .

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 (201 2).

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) :2207-1 6 ( 1996).

In one embodiment, an antigen binding domain against CYP1 B 1 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 RAG E-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-B95-1 00 (Lifespan Biosciences)

In one embodiment, an antigen binding domain against intestinal carboxyl esterase is an antigen

binding portion, e.g., CDRs, of the antibody 4F1 2 : cat no: LS-B61 90-50 (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-C1 33261 - 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] (ab31 2 1) , available from Abeam ; antibody CD79A



Antibody #3351 available from Cell Signalling Technology; or antibody HPA01 7748 - 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-vc-MMAE, for the treatment of non-

Hodgkin lymphoma" Blood. 2009 Sep 24;1 14(1 3) :2721 -9. doi : 10.1 182/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 56th ASH Annual Meeting and Exposition, San Francisco, CA December 6-9 201 4 .

In one embodiment, an antigen binding domain against CD72 is an antigen binding portion, e.g. ,

CDRs, of the antibody J3-1 09 described in Myers, and Uckun, "An anti-CD72 immunotoxin against

therapy-refractory B-lineage acute lymphoblastic leukemia." Leuk Lymphoma. 1995 Jun ; 1 8(1 -2) : 1 19-22,

or anti-CD72 ( 10D6.8. 1, m lgG1 ) described in Poison 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 LAI R 1 is an antigen binding portion, e.g. ,

CDRs, of the antibody ANT-301 LAIR1 antibody, available from ProSpec; or anti-human CD305 (LAI R 1)

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/FCARAntibody (Catalog#1 041 4-H08H), available from Sino Biological Inc.

In one embodiment, an antigen binding domain against LILRA2 is an antigen binding portion,

e.g. , CDRs, of the antibody LILRA2 monoclonal antibody (M1 7), 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 CLEC1 2A 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 CLEC1 2A In Acute Myeloid Leukemia by Antibody-Drug-Conjugates and

Bispecific CLL-1 xCD3 BiTE Antibody" 53 rd ASH Annual Meeting and Exposition, December 10-1 3 , 201 1,

and MCLA-1 17 (Merus).

In one embodiment, an antigen binding domain against BST2 (also called CD31 7) is an antigen

binding portion, e.g., CDRs, of the antibody Mouse Anti-CD31 7 antibody, Monoclonal[3H4], available from

Antibodies-Online or Mouse Anti-CD31 7 antibody, Monoclonal[696739], available from R&D Systems.

In one embodiment, an antigen binding domain against EMR2 (also called CD31 2) is an antigen

binding portion, e.g., CDRs, of the antibody Mouse Anti-CD31 2 antibody, Monoclonal[LS-B8033]

available from Lifespan Biosciences, or Mouse Anti-CD31 2 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[A1 5797] 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. 201 0

Nov;21 ( 1 0) :907-91 6 , or MDX-1 4 14 , 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. 201 4 Jan 2 1 ;588(2) :377-82.

In one embodiment, an antigen binding domain against FCRL5 is an antigen binding portion, e.g. ,

CDRs, of the anti-FcRL5 antibody described in Elkins et al., "FcRL5 as a target of antibody-drug

conjugates for the treatment of multiple myeloma" Mol Cancer Ther. 201 2 Oct;1 1( 1 0) :2222-32. .

In one embodiment, an antigen binding domain against IGLL1 is an antigen binding portion, e.g. ,

CDRs, of the antibody Mouse Anti-lmmunoglobulin lambda-like polypeptide 1 antibody,

Monoclonal[AT1 G4] available from Lifespan Biosciences, Mouse Anti-lmmunoglobulin lambda-like

polypeptide 1 antibody, Monoclonal[HSL1 1] 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.

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.

Bispecific CARs

In certain embodiments, the antigen binding domain is a bi- or multi- specific molecule (e.g., a

multispecific antibody molecule). 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 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. Such molecules include 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 ; 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 ; String of VH domains (or VL domains

in family members) connected by peptide linkages with crosslinkable groups at the C-terminus futher

associated with VL domains to form a series of FVs (or scFvs), as described in, e.g., US586401 9 ; 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. The contents of the above-referenced applications are 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 (VHi ) upstream of its VL (VLi ) and the downstream antibody

or antibody fragment (e.g., scFv) is arranged with its VL (VL2) upstream of its VH (VH2), such that the

overall bispecific antibody molecule has the arrangement VH1 -VL1 -VL2-VH2. In other embodiments, the

upstream antibody or antibody fragment (e.g. , scFv) is arranged with its VL (VLi ) upstream of its VH

(VHi ) and the downstream antibody or antibody fragment (e.g., scFv) is arranged with its VH (VH2)

upstream of its VL (VL2), such that the overall bispecific antibody molecule has the arrangement VL1 -VH1 -

VH2-VL2. Optionally, a linker is disposed between the two antibodies or antibody fragments (e.g. , scFvs),

e.g. , between VL and VL2 if the construct is arranged as VH1 -VL1 -VL2-VH2, or between VH and VH2 if

the construct is arranged as VL1 -VH1 -VH2-VL2. The linker may be a linker as described herein, e.g., a

(Gly4-Ser)n linker, wherein n is 1, 2 , 3 , 4 , 5 , or 6 , preferably 4 (SEQ ID NO: 29). 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.

Transmembrane Domain

A transmembrane domain of the CAR may be any polypeptide domain capable of traversing a

phospholipid bilayer, so that one end of the domain is attached to, e.g., an extracellular antigen binding

domain, and the other end is, e.g., attached to an intracellular signaling domain. A transmembrane

domain can include one or more additional amino acids adjacent to the transmembrane region, e.g. , one

or more amino acids 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). The transmembrane domain can be is associated with one of the other domains of the CAR. 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 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. 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, CD9, CD1 6 , CD22, CD33, CD37,

CD64, CD80, CD86, CD1 34, CD1 37, CD1 54. In some embodiments, a transmembrane domain may

include at least the transmembrane region(s) of, e.g . , K IRDS2, OX40, CD2, CD27, LFA-1 (CD1 1a ,

CD1 8), ICOS (CD278), 4-1 BB (CD1 37), G ITR, CD40, BAFFR, HVEM (LIGHTR), SLAMF7, NKp80

(KLRF1 ) , NKp44, NKp30, NKp46, CD1 60, CD1 9 , IL2R beta, IL2R gamma, IL7R a , ITGA1 , VLA1 , CD49a,

ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f, ITGAD, CD1 1d , ITGAE, CD1 03, ITGAL, CD1 1a , LFA-1 ,

ITGAM, CD1 1b, ITGAX, CD1 1c , ITGB1 , CD29, ITGB2, CD1 8 , LFA-1 , ITGB7, TNFR2, DNAM1 (CD226),

SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1 , CRTAM, Ly9 (CD229), CD1 60 (BY55),

PSGL1 , CD1 00 (SEMA4D), SLAMF6 (NTB-A, Ly1 08), SLAM (SLAMF1 , CD1 50, IPO-3), BLAME

(SLAMF8), SELPLG (CD1 62), 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 lgG4 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:4.

In one aspect, the transmembrane domain comprises (e.g. , consists of) a transmembrane domain of SEQ

ID NO: 12 .

In certain embodiments, the encoded transmembrane domain comprises an amino acid

sequence of a CD8 transmembrane domain having at least one, two or three modifications but not more

than 20, 10 or 5 modifications of an amino acid sequence of SEQ ID NO: 12 , or a sequence with 95-99%

identity to an amino acid sequence of SEQ ID NO: 12 . In one embodiment, the encoded transmembrane

domain comprises the sequence of SEQ ID NO: 12 .

In other embodiments, the nucleic acid molecule encoding the CAR comprises a nucleotide

sequence of a CD8 transmembrane domain, e.g., comprising the sequence of SEQ ID NO: 13 , or a

sequence with 95-99% identity thereof.

In certain embodiments, the encoded antigen binding domain is connected to the transmembrane

domain by a hinge region. In one embodiment, the encoded hinge region comprises the amino acid

sequence of a CD8 hinge, e.g., SEQ ID NO: 4 ; or the amino acid sequence of an lgG4 hinge, e.g., SEQ

ID NO: 6 , or a sequence with 95-99% identity to SEQ ID NO:4 or 6 . In other embodiments, the nucleic

acid sequence encoding the hinge region comprises a sequence of SEQ ID NO: 5 or SEQ ID NO: 7 ,



corresponding to a CD8 hinge or an lgG4 hinge, respectively, or a sequence with 95-99% identity to SEQ

ID NO:5 or 7 .

In one aspect, the hinge or spacer comprises an lgG4 hinge. For example, in one embodiment,

the hinge or spacer comprises a hinge of the amino acid sequence

ESKYG PPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNA

KTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSI EKTISKAKGQPREPQVYTLPPSQEE

MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCS

VMHEALHNHYTQKSLSLSLGKM (SEQ ID NO:6). In some embodiments, the hinge or spacer comprises

a hinge encoded by a nucleotide sequence of

GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCCCCGAGTTCCTGGGCGGACCCAGCGT

GTTCCTGTTCCCCCCCAAGCCCAAGGACACCCTGATGATCAGCCGGACCCCCGAGGTGACCTGTGT

GGTGGTGGACGTGTCCCAGGAGGACCCCGAGGTCCAGTTCAACTGGTACGTGGACGGCGTGGAGG

TGCACAACGCCAAGACCAAGCCCCGGGAGGAGCAGTTCAATAGCACCTACCGGGTGGTGTCCGTG

CTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACAAGGGC

CTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGGCCAGCCTCGGGAGCCCCAGGTGTA

CACCCTGCCCCCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGG

GCTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAG

ACCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTGGACAAG

AGCCGGTGGCAGGAGGGCAACGTCTTTAGCTGCTCCGTGATGCACGAGGCCCTGCACAACCACTAC

ACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAGATG (SEQ ID NO:7).

In one aspect, the hinge or spacer comprises an Ig D hinge. For example, in one embodiment,

the hinge or spacer comprises a hinge of the amino acid sequence

RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEKEEQEERETKTPECPSHTQ

PLGVYLLTPAVQDLWLRDKATFTCFVVGSDLKDAHLTWEVAGKVPTGGVEEGLLERHSNGSQSQHSRLT

LPRSLWNAGTSVTCTLNHPSLPPQRLMALREPAAQAPVKLSLNLLASSDPPEAASWLLCEVSGFSPPNIL

LMWLEDQREVNTSG FAPARPPPQPGSTTFWAWSVLRVPAPPSPQPATYTCVVSHEDSRTLLNASRSLE

VSYVTDH (SEQ ID NO:8). In some embodiments, the hinge or spacer comprises a hinge encoded by a

nucleotide sequence of

AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCCTACTGCACAGCCCCAGGCAGAAGG

CAGCCTAGCCAAAGCTACTACTGCACCTGCCACTACGCGCAATACTGGCCGTGGCGGGGAGGAGAA

GAAAAAGGAGAAAGAGAAAGAAGAACAGGAAGAGAGGGAGACCAAGACCCCTGAATGTCCATCCCA

TACCCAGCCGCTGGGCGTCTATCTCTTGACTCCCGCAGTACAGGACTTGTGGCTTAGAGATAAGGC

CACCTTTACATGTTTCGTCGTGGGCTCTGACCTGAAGGATGCCCATTTGACTTGGGAGGTTGCCGGA

AAGGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTGGAGCGCCATTCCAATGGCTCTCAGAGCCA

GCACTCAAGACTCACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCACATGTACTCTAAAT

CATCCTAGCCTGCCCCCACAGCGTCTGATGGCCCTTAGAGAGCCAGCCGCCCAGGCACCAGTTAAG

CTTAGCCTGAATCTGCTCGCCAGTAGTGATCCCCCAGAGGCCGCCAGCTGGCTCTTATGCGAAGTG

TCCGGCTTTAGCCCGCCCAACATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAACACCAGC

GGCTTCGCTCCAGCCCGGCCCCCACCCCAGCCGGGTTCTACCACATTCTGGGCCTGGAGTGTCTTA

AGGGTCCCAGCACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTGTCCCATGAAGATAGC

AGGACCCTGCTAAATGCTTCTAGGAGTCTGGAGGTTTCCTACGTGACTGACCATT (SEQ ID NO: 9).



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: 10). In some embodiments, the linker is encoded by a

nucleotide sequence of GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO: 11) .

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

Signaling domains

A CAR may include one or more intracellular signaling domains, which may activate and/or inhibit

one or more intracellular signaling pathways in response to binding of the extracellular antigen binding

domain to a ligand. In some instances, the intracellular signaling domain may be capable of inducing an

immune response. For example, the intracellular signaling domain of a CAR expressed by a T cell may

induce activation of the T cell upon binding of the antigen binding domain to its cognate target molecule of

interest.

In embodiments of the invention having an intracellular signaling domain, such a domain can

contain, e.g., one or more of a primary signaling domain and/or a costimulatory signaling domain. In

some embodiments, the intracellular signaling domain comprises a sequence encoding a primary

signaling domain. In some embodiments, the intracellular signaling domain comprises a costimulatory

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

signaling domain and a costimulatory signaling domain.

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 sequences. 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.

Primary Signaling domains

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 (FCER1 G), Fc gamma Rlla, FcR beta (Fc

Epsilon R 1b), CD3 gamma, CD3 delta, CD3 epsilon, CD79a, CD79b, DAP1 0 , and DAP1 2 . 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, the encoded primary signaling domain comprises a functional signaling

domain of CD3 zeta. The encoded CD3 zeta primary signaling domain can comprise an amino acid

sequence having at least one, two or three modifications but not more than 20, 10 or 5 modifications of an

amino acid sequence of SEQ ID NO: 18 or SEQ ID NO: 20, or a sequence with 95-99% identity to an

amino acid sequence of SEQ ID NO: 18 or SEQ ID NO: 20. In some embodiments, the encoded primary

signaling domain comprises a sequence of SEQ ID NO: 18 or SEQ ID NO: 20. In other embodiments, the

nucleic acid sequence encoding the primary signaling domain comprises a sequence of SEQ ID NO: 19

or SEQ ID NO: 2 1 , or a sequence with 95-99% identity thereof.

Costimulatory Signaling Domain

In some embodiments, the encoded intracellular signaling domain comprises a a costimulatory

signaling domain. For example, the intracellular signaling domain can comprise a primary signaling

domain and a costimulatory signaling domain. In some embodiments, the encoded costimulatory

signaling domain comprises a functional signaling domain of a protein chosen from one or more of CD27,

CD28, 4-1 BB (CD1 37), 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 ) , CD1 60, CD1 9 , CD4, CD8alpha, CD8beta,

IL2R beta, IL2R gamma, IL7R alpha, ITGA4, VLA1 , CD49a, ITGA4, IA4, CD49D, ITGA6, VLA-6, CD49f,

ITGAD, CD1 1d , ITGAE, CD1 03, ITGAL, CD1 1a , LFA-1 , ITGAM, CD1 1b, ITGAX, CD1 1c , ITGB1 , CD29,

ITGB2, CD1 8 , LFA-1 , ITGB7, TNFR2, TRANCE/RANKL, DNAM1 (CD226), SLAMF4 (CD244, 2B4),

CD84, CD96 (Tactile), CEACAM1 , CRTAM, Ly9 (CD229), CD1 60 (BY55), PSGL1 , CD1 00 (SEMA4D),

CD69, SLAMF6 (NTB-A, Ly1 08), SLAM (SLAMF1 , CD1 50, IPO-3), BLAME (SLAMF8), SELPLG (CD1 62),

LTBR, LAT, GADS, SLP-76, PAG/Cbp, NKp44, NKp30, NKp46, or NKG2D.

In certain embodiments, the encoded costimulatory signaling domain comprises an amino acid

sequence having at least one, two or three modifications but not more than 20, 10 or 5 modifications of an

amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 16 , or a sequence with 95-99% identity to an

amino acid sequence of SEQ ID NO:1 4 or SEQ ID NO: 16 . In one embodiment, the encoded

costimulatory signaling domain comprises a sequence of SEQ ID NO: 14 or SEQ ID NO: 16 . In other

embodiments, the nucleic acid sequence encoding the costimulatory signaling domain comprises a

sequence of SEQ ID NO: 15 or SEQ ID NO: 17 , or a sequence with 95-99% identity thereof.

In other embodiments, the encoded intracellular domain comprises the sequence of SEQ ID NO:

14 or SEQ ID NO: 16 , and the sequence of SEQ ID NO: 18 or SEQ ID NO: 20, wherein the sequences

comprising the intracellular signaling domain are expressed in the same frame and as a single

polypeptide chain.



In certain embodiments, the nucleic acid sequence encoding the intracellular signaling domain

comprises a sequence of SEQ ID NO: 15 or SEQ ID NO: 17 , or a sequence with 95-99% identity thereof,

and a sequence of SEQ ID NO: 19 or SEQ ID NO: 2 1 , or a sequence with 95-99% identity thereof.

In some embodiments, the nucleic acid molecule further encodes a leader sequence. In one

embodiment, the leader sequence comprises the sequence of SEQ ID NO: 2 .

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 and the signaling domain of 4-1 BB. In one aspect, the

signaling domain of 4-1 BB is a signaling domain of SEQ ID NO: 14 . In one aspect, the signaling domain

of CD3-zeta is a signaling domain of SEQ ID NO: 18 .

In one aspect, the intracellular signaling domain is designed to comprise the signaling domain of

CD3-zeta and the signaling domain of CD27. In one aspect, the signaling domain of CD27 comprises an

amino acid sequence of QRRKYRSNKG ESPVEPAEPCRYSCPREE EGSTIPIQEDYRKPEPACSP (SEQ

ID NO: 16). In one aspect, the signaling domain of CD27 is encoded by a nucleic acid sequence of

AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAACATGACTCCCCGCCGCCCCGGGCC

CACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTCC (SEQ ID NO:

17).

Host cells for CAR expression

As noted above, in some aspects the invention pertains to a cell, e.g. , an immune effector cell,

(e.g. , a population of cells, e.g. , a population of immune effector cells) comprising a nucleic acid

molecule, a CAR polypeptide molecule, or a vector as described herein.

In certain aspects of the present disclosure, immune effector cells, e.g. , 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 preferred aspect, cells from the circulating blood of an individual are

obtained by apheresis. The apheresis product typically contains lymphocytes, including T cells,

monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and platelets. In one

aspect, the cells collected by apheresis may be washed to remove the plasma fraction and, optionally, to

place the cells in an appropriate buffer or media for subsequent processing steps. In one embodiment,

the cells are washed with phosphate buffered saline (PBS). In an alternative embodiment, the wash

solution lacks calcium and may lack magnesium or may lack many if not all divalent cations.

Initial activation steps in the absence of calcium can lead to magnified activation. As those of

ordinary skill in the art would readily appreciate a washing step may be accomplished by methods known

to those in the art, such as by using a semi-automated "flow-through" centrifuge (for example, the Cobe

2991 cell processor, the Baxter CytoMate, or the Haemonetics Cell Saver 5) according to the

manufacturer's instructions. After washing, the cells may be resuspended in a variety of biocompatible

buffers, such as, for example, Ca-free, Mg-free PBS, PlasmaLyte A , or other saline solution with or

without buffer. Alternatively, the undesirable components of the apheresis sample may be removed and

the cells directly resuspended in culture media.

It is recognized that the methods of the application can utilize culture media conditions

comprising 5% or less, for example 2%, human AB serum , and employ known culture media conditions



and compositions, for example those described in Smith et al., "Ex vivo expansion of human T cells for

adoptive immunotherapy using the novel Xeno-free CTS Immune Cell Serum Replacement" Clinical &

Translational Immunology (201 5) 4 , e31 ; doi :1 0.1 038/cti.201 4.31 .

In one aspect, T cells are isolated from peripheral blood lymphocytes by lysing the red blood cells

and depleting the monocytes, for example, by centrifugation through a PERCOLL™ gradient or by

counterflow centrifugal elutriation.

The methods described herein can include, e.g., selection of a specific subpopulation of immune

effector cells, e.g. , T cells, that are a T regulatory cell-depleted population, CD25+ depleted cells, using,

e.g. , a negative selection technique, e.g., described herein. Preferably, the population of T regulatory

depleted cells contains less than 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1% of CD25+ cells.

In one embodiment, T regulatory cells, e.g. , CD25+ T cells, are removed from the population

using an anti-CD25 antibody, or fragment thereof, o r a CD25-binding ligand, IL-2. In one embodiment,

the anti-CD25 antibody, or fragment thereof, or CD25-binding ligand is conjugated to a substrate, e.g. , a

bead, or is otherwise coated on a substrate, e.g. , a bead. In one embodiment, the anti-CD25 antibody, or

fragment thereof, is conjugated to a substrate as described herein.

In one embodiment, the T regulatory cells, e.g. , CD25+ T cells, are removed from the population

using CD25 depletion reagent from Miltenyi™. In one embodiment, the ratio of cells to CD25 depletion

reagent is 1e7 cells to 20 uL, or 1el cells to1 5 uL, or 1el cells to 10 uL, or 1el cells to 5 uL, or 1el cells

to 2.5 uL, or 1el cells to 1.25 uL. In one embodiment, e.g., for T regulatory cells, e.g. , CD25+ depletion ,

greater than 500 million cells/ml is used. In a further aspect, a concentration of cells of 600, 700, 800, or

900 million cells/ml is used.

In one embodiment, the population of immune effector cells to be depleted includes about 6 x 109

CD25+ T cells. In other aspects, the population of immune effector cells to be depleted include about 1 x

10 to 1x 1010 CD25+ T cell , and any integer value in between. In one embodiment, the resulting

population T regulatory depleted cells has 2 x 109 T regulatory cells, e.g., CD25+ cells, or less (e.g., 1 x

109, 5 x 10 , 1 x 108, 5 x 107, 1 x 107, or less CD25+ cells).

In one embodiment, the T regulatory cells, e.g. , CD25+ cells, are removed from the population

using the CliniMAC system with a depletion tubing set, such as, e.g . , tubing 162-01 . In one embodiment,

the CliniMAC system is run on a depletion setting such as, e.g. , DEPLETION2.1 .

Without wishing to be bound by a particular theory, decreasing the level of negative regulators of

immune cells (e.g., decreasing the number of unwanted immune cells, e.g. , TREG cells), in a subject prior

to apheresis or during manufacturing of a CAR-expressing cell product can reduce the risk of subject

relapse. For example, methods of depleting TREG cells are known in the art. Methods of decreasing TREG

cells include, but are not limited to, cyclophosphamide, anti-GITR antibody (an anti-GITR antibody

described herein), CD25-depletion, and combinations thereof.

In some embodiments, the manufacturing methods comprise reducing the number of (e.g.,

depleting) TREG cells prior to manufacturing of the CAR-expressing cell. For example, manufacturing

methods comprise contacting the sample, e.g., the apheresis sample, with an anti-GITR antibody and/or

an anti-CD25 antibody (or fragment thereof, or a CD25-binding ligand), e.g., to deplete TREG cells prior to

manufacturing of the CAR-expressing cell (e.g., T cell, NK cell) product.



In an embodiment, a subject is pre-treated with one or more therapies that reduce TREG cells prior

to collection of cells for CAR-expressing cell product manufacturing, thereby reducing the risk of subject

relapse to CAR-expressing cell treatment. In an embodiment, methods of decreasing TREG cells include,

but are not limited to, administration to the subject of one or more of cyclophosphamide, anti-GITR

antibody, CD25-depletion, or a combination thereof. Administration of one or more of cyclophosphamide,

anti-G ITR antibody, CD25-depletion, or a combination thereof, can occur before, during or after an

infusion of the CAR-expressing cell product.

In an embodiment, a subject is pre-treated with cyclophosphamide prior to collection of cells for

CAR-expressing cell product manufacturing, thereby reducing the risk of subject relapse to CAR-

expressing cell treatment. In an embodiment, a subject is pre-treated with an anti-GITR antibody prior to

collection of cells for CAR-expressing cell product manufacturing, thereby reducing the risk of subject

relapse to CAR-expressing cell treatment.

In one embodiment, the population of cells to be removed are neither the regulatory T cells or

tumor cells, but cells that otherwise negatively affect the expansion and/or function of CART cells, e.g.

cells expressing CD1 4 , CD1 1b, CD33, CD1 5 , or other markers expressed by potentially immune

suppressive cells. In one embodiment, such cells are envisioned to be removed concurrently with

regulatory T cells and/or tumor cells, or following said depletion, or in another order.

The methods described herein can include more than one selection step, e.g., more than one

depletion step. Enrichment of a T cell population by negative selection can be accomplished, e.g. , with a

combination of antibodies directed to surface markers unique to the negatively selected cells. One

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 can

include antibodies to CD1 4 , CD20, CD1 1b, CD1 6 , HLA-DR, and CD8.

The methods described herein can further include removing cells from the population which

express a tumor antigen, e.g., a tumor antigen that does not comprise CD25, e.g. , CD1 9 , CD30, CD38,

CD1 23, CD20, CD1 4 or CD1 1b, to thereby provide a population of T regulatory depleted, e.g. , CD25+

depleted, and tumor antigen depleted cells that are suitable for expression of a CAR, e.g. , a CAR

described herein. In one embodiment, tumor antigen expressing cells are removed simultaneously with

the T regulatory, e.g. , CD25+ cells. For example, an anti-CD25 antibody, or fragment thereof, and an

anti-tumor antigen antibody, or fragment thereof, can be attached to the same substrate, e.g., bead,

which can be used to remove the cells or an anti-CD25 antibody, or fragment thereof, or the anti-tumor

antigen antibody, or fragment thereof, can be attached to separate beads, a mixture of which can be used

to remove the cells. In other embodiments, the removal of T regulatory cells, e.g ., CD25+ cells, and the

removal of the tumor antigen expressing cells is sequential, and can occur, e.g., in either order.

Also provided are methods that include removing cells from the population which express a check

point inhibitor, e.g. , a check point inhibitor described herein, e.g., one or more of PD1 + cells, LAG3+ cells,

and TIM3+ cells, to thereby provide a population of T regulatory depleted, e.g., CD25+ depleted cells, and

check point inhibitor depleted cells, e.g. , PD1 + , LAG3+ and/or TIM3+ depleted cells. Exemplary check

point inhibitors include B7-H1 , B7-1 , CD1 60, P 1 H , 2B4, PD1 , TIM3, CEACAM (e.g., CEACAM-1 ,

CEACAM-3 and/or CEACAM-5), LAG 3 , TIG IT, CTLA-4, BTLA and LAIR1 . In one embodiment, check



point inhibitor expressing cells are removed simultaneously with the T regulatory, e.g. , CD25+ cells. For

example, an anti-CD25 antibody, or fragment thereof, and an anti-check point inhibitor antibody, or

fragment thereof, can be attached to the same bead which can be used to remove the cells, or an anti-

CD25 antibody, or fragment thereof, and the anti-check point inhibitor antibody, or fragment there, can be

attached to separate beads, a mixture of which can be used to remove the cells. In other embodiments,

the removal of T regulatory cells, e.g. , CD25+ cells, and the removal of the check point inhibitor

expressing cells is sequential, and can occur, e.g., in either order.

Methods described herein can include a positive selection step. For example, T cells can isolated

by incubation with anti-CD3/anti-CD28 (e.g., 3x28)-conjugated beads, such as DYNABEADS® M-450

CD3/CD28 T , for a time period sufficient for positive selection of the desired T cells. In one embodiment,

the time period is about 30 minutes. In a further embodiment, the time period ranges from 30 minutes to

36 hours or longer and all integer values there between. In a further embodiment, the time period is at

least 1, 2 , 3 , 4 , 5 , or 6 hours. In yet another embodiment, the time period is 10 to 24 hours, e.g. , 24

hours. Longer incubation times may be used to isolate T cells in any situation where there are few T cells

as compared to other cell types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor tissue or

from immunocompromised individuals. Further, use of longer incubation times can increase the efficiency

of capture of CD8+ T cells. Thus, by simply shortening or lengthening the time T cells are allowed to bind

to the CD3/CD28 beads and/or by increasing or decreasing the ratio of beads to T cells (as described

further herein), subpopulations of T cells can be preferentially selected for or against at culture initiation or

at other time points during the process. Additionally, by increasing or decreasing the ratio of anti-CD3

and/or anti-CD28 antibodies on the beads or other surface, subpopulations of T cells can be preferentially

selected for or against at culture initiation or at other desired time points.

In one embodiment, a T cell population can be selected that expresses one or more of IFN-Y,

TNFa, IL-1 7A, IL-2, IL-3, IL-4, GM-CSF, IL-1 0 , IL-1 3 , granzyme B, and perforin, or other appropriate

molecules, e.g. , other cytokines. Methods for screening for cell expression can be determined, e.g. , by

the methods described in PCT Publication No. : W O 201 3/1 2671 2 .

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 aspects, it may be desirable to

significantly decrease the volume in which beads and cells are mixed together (e.g. , increase the

concentration of cells), to ensure maximum contact of cells and beads. For example, in one aspect, a

concentration of 10 billion cells/ml, 9 billion/ml, 8 billion/ml, 7 billion/ml, 6 billion/ml, or 5 billion/ml is used.

In one aspect, a concentration of 1 billion cells/ml is used. In yet one aspect, a concentration of cells from

75, 80, 85, 90, 95, or 100 million cells/ml is used . In further aspects, 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.

Further, use of high cell concentrations allows more efficient capture of cells that may weakly express

target antigens of interest, such as CD28-negative T cells, or from samples where there are many tumor

cells present (e.g., leukemic blood, tumor tissue, etc.). Such populations of cells may have therapeutic

value and would be desirable to obtain. For example, using high concentration of cells allows more

efficient selection of CD8+ T cells that normally have weaker CD28 expression.



In a related aspect, it may be desirable to use lower concentrations of cells. By significantly

diluting the mixture of T cells and surface (e.g., particles such as beads), interactions between the

particles and cells is minimized . This selects for cells that express high amounts of desired antigens to be

bound to the particles. For example, CD4+ T cells express higher levels of CD28 and are more efficiently

captured than CD8+ T cells in dilute concentrations. In one aspect, the concentration of cells used is 5 x

10 /ml. In other aspects, the concentration used can be from about 1 x 10 /ml to 1 x 10 /ml, and any

integer value in between.

In other aspects, the cells may be incubated on a rotator for varying lengths of time at varying

speeds at either 2-1 0°C or at room temperature.

T cells for stimulation can also be frozen after a washing step. Wishing not 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 the art and will be useful in this context, one method involves using PBS containing 20% DMSO

and 8% human serum albumin, or culture media containing 10% Dextran 40 and 5% Dextrose, 20%

Human Serum Albumin and 7.5% DMSO, or 3 1 .25% Plasmalyte-A, 3 1 .25% Dextrose 5%, 0.45% NaCI,

10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable cell

freezing media containing for example, Hespan and PlasmaLyte A , the cells then are 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 certain aspects, cryopreserved cells are thawed and washed as described herein and allowed

to rest for one hour at room temperature prior to activation using the methods of the present invention.

Also contemplated in the context of the invention is the collection of blood samples or apheresis

product from a subject at a time period prior to when the expanded cells as described herein might be

needed. As such, the source of the cells to be expanded can be collected at any time point necessary,

and desired cells, such as T cells, isolated and frozen for later use in immune effector cell therapy for any

number of diseases or conditions that would benefit from immune effector cell therapy, such as those

described herein. In one aspect a blood sample or an apheresis is taken from a generally healthy subject.

In certain aspects, a blood sample or an apheresis is taken from a generally healthy subject who is at risk

of developing a disease, but who has not yet developed a disease, and the cells of interest are isolated

and frozen for later use. In certain aspects, the T cells may be expanded, frozen, and used at a later time.

In certain aspects, samples are collected from a patient shortly after diagnosis of a particular disease as

described herein but prior to any treatments. In a further aspect, the cells are isolated from a blood

sample or an apheresis from a subject prior to any number of relevant treatment modalities, including but

not limited to treatment with agents such as natalizumab, efalizumab, antiviral agents, chemotherapy,

radiation, immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate, mycophenolate,

and FK506, antibodies, or other immunoablative agents such as CAMPATH, anti-CD3 antibodies,

Cytoxan, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid, steroids, FR901 228, and

irradiation.



In a further aspect of the present invention, T cells are obtained from a patient directly following

treatment that leaves the subject with functional T cells. In this regard , it has been observed that following

certain cancer treatments, in particular treatments with drugs that damage the immune system, shortly

after treatment during the period when patients would normally be recovering from the treatment, the

quality of T cells obtained may be optimal or improved for their ability to expand ex vivo. Likewise,

following ex vivo manipulation using the methods described herein, these cells may be in a preferred

state for enhanced engraftment and in vivo expansion. Thus, it is contemplated within the context of the

present invention to collect blood cells, including T cells, dendritic cells, or other cells of the hematopoietic

lineage, during this recovery phase. Further, in certain aspects, mobilization (for example, mobilization

with GM-CSF) and conditioning regimens can be used to create a condition in a subject wherein

repopulation, recirculation, regeneration, and/or expansion of particular cell types is favored, especially

during a defined window of time following therapy. Illustrative cell types include T cells, B cells, dendritic

cells, and other cells of the immune system .

In one embodiment, the immune effector cells expressing a CAR molecule, e.g. , a CAR molecule

described herein, are obtained from a subject that has received a low, immune enhancing dose of an

mTOR inhibitor. In an embodiment, the population of immune effector cells, e.g. , T cells, to be

engineered to express a CAR, are harvested after a sufficient time, or after sufficient dosing of the low,

immune enhancing, dose of an mTOR inhibitor, such that the level of PD1 negative immune effector cells,

e.g. , T cells, or the ratio of PD1 negative immune effector cells, e.g. , T cells/ PD1 positive immune

effector cells, e.g. , T cells, in the subject or harvested from the subject has been, at least transiently,

increased.

In other embodiments, population of immune effector cells, e.g. , T cells, which have, or will be

engineered to express a CAR, can be treated ex vivo by contact with an amount of an mTOR inhibitor

that increases the number of PD1 negative immune effector cells, e.g . , T cells or increases the ratio of

PD1 negative immune effector cells, e.g., T cells/ PD1 positive immune effector cells, e.g. , T cells.

In one embodiment, a T cell population is diaglycerol kinase (DGK)-deficient. DGK-deficient cells

include cells that do not express DGK RNA or protein, or have reduced or inhibited DGK activity. DGK-

deficient cells can be generated by genetic approaches, e.g. , administering RNA-interfering agents, e.g. ,

siRNA, shRNA, miRNA, to reduce or prevent DGK expression. Alternatively, DGK-deficient cells can be

generated by treatment with DGK inhibitors described herein.

In one embodiment, a T cell population is Ikaros-deficient. Ikaros-deficient cells include cells that

do not express Ikaros RNA or protein, or have reduced or inhibited Ikaros activity, Ikaros-deficient cells

can be generated by genetic approaches, e.g., administering RNA-interfering agents, e.g. , siRNA,

shRNA, miRNA, to reduce or prevent Ikaros expression. Alternatively, Ikaros-deficient cells can be

generated by treatment with Ikaros inhibitors, e.g. , lenalidomide.

In embodiments, a T cell population is DGK-deficient and Ikaros-deficient, e.g. , does not express

DGK and Ikaros, or has reduced or inhibited DGK and Ikaros activity. Such DGK and Ikaros-deficient

cells can be generated by any of the methods described herein.

In an embodiment, the NK cells are obtained from the subject. In another embodiment, the NK

cells are an NK cell line, e.g., NK-92 cell line (Conkwest).



Additional Expressed Agents

In another embodiment, a CAR-expressing immune effector cell described herein can further

express another agent, e.g. , an agent which enhances the activity of a CAR-expressing cell. For

example, in one embodiment, the agent can be an agent which inhibits an inhibitory molecule. Examples

of inhibitory molecules include PD-1 , PD-L1 , CTLA-4, TIM-3, CEACAM (e.g. , CEACAM-1 , CEACAM-3

and/or CEACAM-5), LAG-3, VISTA, BTLA, TIG IT, LAI R 1 , CD1 60, 2B4 and TGFR beta, e.g., as described

herein. In one embodiment, the agent that inhibits an inhibitory molecule comprises a first polypeptide,

e.g. , an inhibitory molecule, associated with a second polypeptide that provides a positive signal to the

cell, e.g. , an intracellular signaling domain described herein. In one embodiment, the agent comprises a

first polypeptide, e.g. , of an inhibitory molecule such as PD-1 , PD-L1 , CTLA-4, TIM-3, CEACAM (e.g.,

CEACAM-1 , CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIG IT, LAIR1 , CD1 60, 2B4 or TGFR

beta, or a fragment of any of these, and a second polypeptide which is an intracellular signaling domain

described herein (e.g., comprising a costimulatory domain (e.g. , 4 1BB, CD27 or CD28, e.g. , as described

herein) and/or a primary signaling domain (e.g., a CD3 zeta signaling domain described herein). In one

embodiment, the agent comprises a first polypeptide of PD-1 or a fragment thereof, and a second

polypeptide of an intracellular signaling domain described herein (e.g. , a CD28, CD27, OX40 or 4-IBB

signaling domain described herein and/or a CD3 zeta signaling domain described herein).

In one embodiment, the CAR-expressing immune effector cell described herein can further

comprise a second CAR, e.g., a second CAR that includes a different antigen binding domain, e.g., to the

same target (e.g., a target described above) or a different target. In one embodiment, the second CAR

includes an antigen binding domain to a target expressed on the same cancer cell type as the target of

the first CAR. In one embodiment, the CAR-expressing immune effector cell comprises a first CAR that

targets a first antigen and includes an intracellular signaling domain having a costimulatory signaling

domain but not a primary signaling domain, and a second CAR that targets a second, different, antigen

and includes an intracellular signaling domain having a primary signaling domain but not a costimulatory

signaling domain.

While not wishing to be bound by theory, placement of a costimulatory signaling domain, e.g., 4-

1BB, CD28, CD27 or OX-40, onto the first CAR, and the primary signaling domain, e.g. , CD3 zeta, on the

second CAR can limit the CAR activity to cells where both targets are expressed. In one embodiment,

the CAR expressing immune effector cell comprises a first CAR that includes an antigen binding domain

that targets, e.g., a target described above, a transmembrane domain and a costimulatory domain and a

second CAR that targets an antigen other than antigen targeted by the first CAR (e.g. , an antigen

expressed on the same cancer cell type as the first target) and includes an antigen binding domain, a

transmembrane domain and a primary signaling domain. In another embodiment, the CAR expressing

immune effector cell comprises a first CAR that includes an antigen binding domain that targets, e.g., a

target described above, a transmembrane domain and a primary signaling domain and a second CAR

that targets an antigen other than antigen targeted by the first CAR (e.g., an antigen expressed on the

same cancer cell type as the first target) and includes an antigen binding domain to the antigen, a

transmembrane domain and a costimulatory signaling domain.

In one embodiment, the CAR-expressing immune effector cell comprises a CAR described

herein, e.g. , a CAR to a target described above, and an inhibitory CAR. In one embodiment, the



inhibitory CAR comprises an antigen binding domain that binds an antigen found on normal cells but not

cancer cells, e.g. , normal cells that also express the target. In one embodiment, the inhibitory CAR

comprises the antigen binding domain, a transmembrane domain and an intracellular domain of an

inhibitory molecule. For example, the intracellular domain of the inhibitory CAR can be an intracellular

domain of PD1 , PD-L1 , CTLA-4, TIM-3, CEACAM (e.g. , CEACAM-1 , CEACAM-3 and/or CEACAM-5),

LAG-3, VISTA, BTLA, TIG IT, LAIR1 , CD1 60, 2B4 or TGFR beta.

In one embodiment, an immune effector cell (e.g., T cell, NK cell) comprises a first CAR

comprising an antigen binding domain that binds to a tumor antigen as described herein, and a second

CAR comprising a PD1 extracellular domain or a fragment thereof.

In one embodiment, the cell further comprises an inhibitory molecule as described above.

In one embodiment, the second CAR in the cell is an inhibitory CAR, wherein the inhibitory CAR

comprises an antigen binding domain, a transmembrane domain, and an intracellular domain of an

inhibitory molecule. The inhibitory molecule can be chosen from one or more of: PD1 , PD-L1 , CTLA-4,

TIM-3, LAG-3, VISTA, BTLA, TIG IT, LAIR1 , CD1 60, 2B4, TGFR beta, CEACAM-1 , CEACAM-3, and

CEACAM-5. In one embodiment, the second CAR molecule comprises the extracellular domain of PD1

or a fragment thereof.

In embodiments, the second CAR molecule in the cell further comprises an intracellular signaling

domain comprising a primary signaling domain and/or an intracellular signaling domain.

In other embodiments, the intracellular signaling domain in the cell comprises a primary signaling

domain comprising the functional domain of CD3 zeta and a costimulatory signaling domain comprising

the functional domain of 4-1 BB.

In one embodiment, the second CAR molecule in the cell comprises the amino acid sequence of

SEQ ID NO: 26.

In certain embodiments, the antigen binding domain of the first CAR molecule comprises a scFv

and the antigen binding domain of the second CAR molecule does not comprise a scFv. For example,

the antigen binding domain of the first CAR molecule comprises a scFv and the antigen binding domain of

the second CAR molecule comprises a camelid VHH domain.

Split CAR

In some embodiments, the CAR-expressing cell uses a split CAR. The split CAR approach is

described in more detail in publications WO201 4/055442 and WO201 4/055657. Briefly, a split CAR

system comprises a cell expressing a first CAR having a first antigen binding domain and a costimulatory

domain (e.g. , 4 1BB), and the cell also expresses a second CAR having a second antigen binding domain

and an intracellular signaling domain (e.g. , CD3 zeta). When the cell encounters the first antigen, the

costimulatory domain is activated, and the cell proliferates. When the cell encounters the second antigen,

the intracellular signaling domain is activated and cell-killing activity begins. Thus, the CAR-expressing

cell is only fully activated in the presence of both antigens.



Multiple CAR expression

In one aspect, the CAR-expressing cell described herein can further comprise a second CAR,

e.g. , a second CAR that includes a different antigen binding domain, e.g. , to the same target or a different

target (e.g. , a target other than a cancer associated antigen described herein or a different cancer

associated antigen described herein). In one embodiment, the second CAR includes an antigen binding

domain to a target expressed the same cancer cell type as the cancer associated antigen. In one

embodiment, the CAR-expressing cell comprises a first CAR that targets a first antigen and includes an

intracellular signaling domain having a costimulatory signaling domain but not a primary signaling domain,

and a second CAR that targets a second, different, antigen and includes an intracellular signaling domain

having a primary signaling domain but not a costimulatory signaling domain. While not wishing to be

bound by theory, placement of a costimulatory signaling domain, e.g., 4-1 BB, CD28, CD27 or OX-40,

onto the first CAR, and the primary signaling domain, e.g. ,CD3 zeta, on the second CAR can limit the

CAR activity to cells where both targets are expressed. In one embodiment, the CAR expressing cell

comprises a first cancer associated antigen CAR that includes an antigen binding domain that binds a

target antigen described herein, a transmembrane domain and a costimulatory domain and a second

CAR that targets a different target antigen (e.g. , an antigen expressed on that same cancer cell type as

the first target antigen) and includes an antigen binding domain, a transmembrane domain and a primary

signaling domain. In another embodiment, the CAR expressing cell comprises a first CAR that includes

an antigen binding domain that binds a target antigen described herein, a transmembrane domain and a

primary signaling domain and a second CAR that targets an antigen other than the first target antigen

(e.g. , an antigen expressed on the same cancer cell type as the first target antigen) and includes an

antigen binding domain to the antigen, a transmembrane domain and a costimulatory signaling domain.

In some embodiments, the claimed invention comprises a first and second CAR, wherein the

antigen binding domain of one of said first CAR said second CAR does not comprise a variable light

domain and a variable heavy domain. In some embodiments, the antigen binding domain of one of said

first CAR said second CAR is an scFv, and the other is not an scFv. In some embodiments, the antigen

binding domain of one of said first CAR said second CAR comprises a single VH domain, e.g. , a camelid,

shark, or lamprey single VH domain, or a single VH domain derived from a human or mouse sequence. In

some embodiments, the antigen binding domain of one of said first CAR said second CAR comprises a

nanobody. In some embodiments, the antigen binding domain of one of said first CAR said second CAR

comprises a camelid VHH domain.

Telomerase expression

While not wishing to be bound by any particular theory, in some embodiments, a therapeutic T

cell has short term persistence in a patient, due to shortened telomeres in the T cell ; accordingly,

transfection with a telomerase gene can lengthen the telomeres of the T cell and improve persistence of

the T cell in the patient. See Carl June, "Adoptive T cell therapy for cancer in the clinic", Journal of

Clinical Investigation, 117:1 466-1 476 (2007). Thus, in an embodiment, an immune effector cell, e.g., a T

cell, ectopically expresses a telomerase subunit, e.g., the catalytic subunit of telomerase, e.g., TERT,

e.g. , hTERT. In some aspects, this disclosure provides a method of producing a CAR-expressing cell,

comprising contacting a cell with a nucleic acid encoding a telomerase subunit, e.g. , the catalytic subunit



of telomerase, e.g., TERT, e.g. , hTERT. The cell may be contacted with the nucleic acid before,

simultaneous with , or after being contacted with a construct encoding a CAR.

Expansion and Activation

Immune effector cells such as T cells may be activated and expanded generally using methods

as described, for example, in U.S. Patents 6,352,694; 6,534,055; 6,905,680; 6,692,964; 5,858,358;

6,887,466; 6,905,681 ; 7,1 44,575; 7,067,31 8 ; 7 ,172,869; 7,232,566; 7 ,175,843 ; 5,883,223; 6,905,874;

6,797,51 4 ; 6,867,041 ; and U.S. Patent Application Publication No. 200601 2 1005, each of which is

incorporated by reference in its entirety.

Generally, a population of immune effector cells e.g., T regulatory cell depleted cells, may be

expanded by contact with a surface having attached thereto an agent that stimulates a CD3/TCR complex

associated signal and a ligand that stimulates a costimulatory molecule on the surface of the T cells. In

particular, T cell populations may be stimulated as described herein, such as by contact with an anti-CD3

antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a surface, or by

contact with a protein kinase C activator (e.g. , bryostatin) in conjunction with a calcium ionophore. For co-

stimulation of an accessory molecule on the surface of the T cells, a ligand that binds the accessory

molecule is used. For example, a population of T cells can be contacted with an anti-CD3 antibody and

an anti-CD28 antibody, under conditions appropriate for stimulating proliferation of the T cells. To

stimulate proliferation of either CD4+ T cells or CD8+ T cells, an anti-CD3 antibody and an anti-CD28

antibody can be used. Examples of an anti-CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone,

Besangon, France) can be used as can other methods commonly known in the art (Berg et al. , Transplant

Proc. 30(8) :3975-3977, 1998; Haanen et al. , J . Exp. Med. 90(9) : 3 9 328, 1999; Garland et al . , J .

Immunol Meth. 227(1 -2) :53-63, 1999).

In certain aspects, the primary stimulatory signal and the costimulatory signal for the T cell may

be provided by different protocols. For example, the agents providing each signal may be in solution or

coupled to a surface. When coupled to a surface, the agents may be coupled to the same surface (i.e. , in

"cis" formation) or to separate surfaces (i.e. , in "trans" formation). Alternatively, one agent may be coupled

to a surface and the other agent in solution. In one aspect, the agent providing the costimulatory signal is

bound to a cell surface and the agent providing the primary activation signal is in solution or coupled to a

surface. In certain aspects, both agents can be in solution. In one aspect, the agents may be in soluble

form , and then cross-linked to a surface, such as a cell expressing Fc receptors or an antibody or other

binding agent which will bind to the agents. In this regard, see for example, U.S. Patent Application

Publication Nos. 200401 0 15 19 and 2006003481 0 for artificial antigen presenting cells (aAPCs) that are

contemplated for use in activating and expanding T cells in the present invention.

In one aspect, the two agents are immobilized on beads, either on the same bead, i.e. , "cis," or to

separate beads, i.e., "trans." By way of example, the agent providing the primary activation signal is an

anti-CD3 antibody or an antigen-binding fragment thereof and the agent providing the costimulatory signal

is an anti-CD28 antibody or antigen-binding fragment thereof; and both agents are co-immobilized to the

same bead in equivalent molecular amounts. In one aspect, a 1: 1 ratio of each antibody bound to the

beads for CD4+ T cell expansion and T cell growth is used. In certain aspects of the present invention, a

ratio of anti CD3:CD28 antibodies bound to the beads is used such that an increase in T cell expansion is



observed as compared to the expansion observed using a ratio of 1 : 1 . In one particular aspect an

increase of from about 1 to about 3 fold is observed as compared to the expansion observed using a ratio

of 1 : 1 . In one aspect, the ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to 1 :1 00 and

all integer values there between. In one aspect, more anti-CD28 antibody is bound to the particles than

anti-CD3 antibody, i.e. , the ratio of CD3:CD28 is less than one. In certain aspects, the ratio of anti CD28

antibody to anti CD3 antibody bound to the beads is greater than 2:1 . In one particular aspect, a 1 :1 00

CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a 1:75 CD3:CD28 ratio of antibody

bound to beads is used. In a further aspect, a 1:50 CD3:CD28 ratio of antibody bound to beads is used.

In one aspect, a 1:30 CD3:CD28 ratio of antibody bound to beads is used. In one preferred aspect, a 1 : 1 0

CD3:CD28 ratio of antibody bound to beads is used. In one aspect, a 1:3 CD3 :CD28 ratio of antibody

bound to the beads is used. In yet one aspect, a 3 :1 CD3:CD28 ratio of antibody bound to the beads is

used.

Ratios of particles to cells from 1:500 to 500:1 and any integer values in between may be used to

stimulate T cells or other target cells. As those of ordinary skill in the art can readily appreciate, the ratio

of particles to cells may depend on particle size relative to the target cell . For example, small sized beads

could only bind a few cells, while larger beads could bind many. In certain aspects the ratio of cells to

particles ranges from 1 :1 00 to 100:1 and any integer values in-between and in further aspects the ratio

comprises 1:9 to 9:1 and any integer values in between, can also be used to stimulate T cells. The ratio of

anti-CD3- and anti-CD28-coupled particles to T cells that result in T cell stimulation can vary as noted

above, however certain preferred values include 1 : 1 00, 1:50, 1:40, 1:30, 1:20, 1 :1 0 , 1:9, 1:8, 1:7, 1:6, 1:5,

1:4, 1:3, 1:2, 1 :1 , 2:1 , 3:1 , 4:1 , 5:1 , 6:1 , 7:1 , 8:1 , 9:1 , 10 :1 , and 15:1 with one preferred ratio being at least

1 :1 particles per T cell. In one aspect, a ratio of particles to cells of 1 :1 or less is used. In one particular

aspect, a preferred particle: cell ratio is 1:5. In further aspects, the ratio of particles to cells can be varied

depending on the day of stimulation. For example, in one aspect, the ratio of particles to cells is from 1 : 1

to 10:1 on the first day and additional particles are added to the cells every day or every other day

thereafter for up to 10 days, at final ratios of from 1 :1 to 1 : 1 0 (based on cell counts on the day of

addition). In one particular aspect, the ratio of particles to cells is 1 : 1 on the first day of stimulation and

adjusted to 1:5 on the third and fifth days of stimulation . In one aspect, particles are added on a daily or

every other day basis to a final ratio of 1 : 1 on the first day, and 1:5 on the third and fifth days of

stimulation . In one aspect, the ratio of particles to cells is 2:1 on the first day of stimulation and adjusted

to 1 : 1 0 on the third and fifth days of stimulation . In one aspect, particles are added on a daily or every

other day basis to a final ratio of 1 : 1 on the first day, and 1 : 1 0 on the third and fifth days of stimulation.

One of skill in the art will appreciate that a variety of other ratios may be suitable for use in the present

invention. In particular, ratios will vary depending on particle size and on cell size and type. In one

aspect, the most typical ratios for use are in the neighborhood of 1 : 1 , 2:1 and 3:1 on the first day.

In further aspects, the cells, such as T cells, are combined with agent-coated beads, the beads

and the cells are subsequently separated, and then the cells are cultured . In an alternative aspect, prior to

culture, the agent-coated beads and cells are not separated but are cultured together. In a further aspect,

the beads and cells are first concentrated by application of a force, such as a magnetic force, resulting in

increased ligation of cell surface markers, thereby inducing cell stimulation.



By way of example, cell surface proteins may be ligated by allowing paramagnetic beads to which

anti-CD3 and anti-CD28 are attached (3x28 beads) to contact the T cells. In one aspect the cells (for

example, 104 to 109 T cells) and beads (for example, DYNABEADS® M-450 CD3/CD28 T paramagnetic

beads at a ratio of 1:1 ) are combined in a buffer, for example PBS (without divalent cations such as,

calcium and magnesium). Again, those of ordinary skill in the art can readily appreciate any cell

concentration may be used. For example, the target cell may be very rare in the sample and comprise

only 0.01 % of the sample or the entire sample (i.e. , 100%) may comprise the target cell of interest.

Accordingly, any cell number is within the context of the present invention. In certain aspects, it may be

desirable to significantly decrease the volume in which particles and cells are mixed together (i.e.,

increase the concentration of cells), to ensure maximum contact of cells and particles. For example, in

one aspect, a concentration of about 10 billion cells/ml, 9 billion/ml, 8 billion/ml, 7 billion/ml, 6 billion/ml, 5

billion/ml, or 2 billion cells/ml is used. In one aspect, greater than 100 million cells/ml is used. In a further

aspect, a concentration of cells of 10 , 15 , 20, 25, 30, 35, 40, 45, or 50 million cells/ml is used. In yet one

aspect, a concentration of cells from 75, 80, 85, 90, 95, or 100 million cells/ml is used. In further aspects,

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. Further, use of high cell concentrations allows

more efficient capture of cells that may weakly express target antigens of interest, such as CD28-negative

T cells. Such populations of cells may have therapeutic value and would be desirable to obtain in certain

aspects. For example, using high concentration of cells allows more efficient selection of CD8+ T cells

that normally have weaker CD28 expression.

In one embodiment, cells transduced with a nucleic acid encoding a CAR, e.g., a CAR described

herein, are expanded, e.g. , by a method described herein. In one embodiment, the cells are expanded in

culture for a period of several hours (e.g. , about 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 15 , 18 , 2 1 hours) to about 14

days (e.g., 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 , 13 or 14 days). In one embodiment, the cells are expanded

for a period of 4 to 9 days. In one embodiment, the cells are expanded for a period of 8 days or less, e.g. ,

7 , 6 or 5 days. In one embodiment, the cells are expanded in culture for 5 days, and the resulting cells

are more potent than the same cells expanded in culture for 9 days under the same culture conditions.

Potency can be defined, e.g. , by various T cell functions, e.g. proliferation, target cell killing, cytokine

production, activation, migration, or combinations thereof. In one embodiment, the cells are expanded for

5 days show at least a one, two, three or four fold increase in cells doublings upon antigen stimulation as

compared to the same cells expanded in culture for 9 days under the same culture conditions. In one

embodiment, the cells are expanded in culture for 5 days, and the resulting cells exhibit higher

proinflammatory cytokine production, e.g., IFN-γ and/or GM-CSF levels, as compared to the same cells

expanded in culture for 9 days under the same culture conditions. In one embodiment, the cells

expanded for 5 days show at least a one, two, three, four, five, ten fold or more increase in pg/ml of

proinflammatory cytokine production, e.g., IFN-γ and/or GM-CSF levels, as compared to the same cells

expanded in culture for 9 days under the same culture conditions.

Several cycles of stimulation may also be desired such that culture time of T cells can be 60 days

or more. Conditions appropriate for T cell culture include an appropriate media (e.g. , Minimal Essential

Media or RPMI Media 1640 or, X-vivo 15 , (Lonza)) that may contain factors necessary for proliferation

and viability, including serum (e.g., fetal bovine or human serum), interleukin-2 (IL-2), insulin , IFN-γ , IL-4,



IL-7, GM-CSF, IL-1 0 , IL-1 2 , IL-1 5 , TGFp, and TNF-a or any other additives for the growth of cells known

to the skilled artisan. Other additives for the growth of cells include, but are not limited to, surfactant,

plasmanate, and reducing agents such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include

RPMI 1640, AIM-V, DMEM, MEM, a-MEM, F-1 2 , X-Vivo 15 , and X-Vivo 20, Optimizer, with added amino

acids, sodium pyruvate, and vitamins, either serum-free or supplemented with an appropriate amount of

serum (or plasma) or a defined set of hormones, and/or an amount of cytokine(s) sufficient for the growth

and expansion of T cells. Antibiotics, e.g. , penicillin and streptomycin, are included only in experimental

cultures, not in cultures of cells that are to be infused into a subject. The target cells are maintained under

conditions necessary to support growth, for example, an appropriate temperature (e.g. , 37° C) and

atmosphere (e.g., air plus 5% CO2).

In one embodiment, the cells are expanded in an appropriate media (e.g. , media described

herein) that includes one or more interleukin that result in at least a 200-fold (e.g. , 200-fold, 250-fold, 300-

fold, 350-fold) increase in cells over a 14 day expansion period, e.g. , as measured by a method described

herein such as flow cytometry. In one embodiment, the cells are expanded in the presence of IL-1 5

and/or IL-7 (e.g. , IL-1 5 and IL-7).

In embodiments, methods described herein, e.g. , CAR-expressing cell manufacturing methods,

comprise removing T regulatory cells, e.g. , CD25+ T cells, from a cell population, e.g. , using an anti-

CD25 antibody, or fragment thereof, or a CD25-binding ligand, IL-2. Methods of removing T regulatory

cells, e.g., CD25+ T cells, from a cell population are described herein. In embodiments, the methods,

e.g., manufacturing methods, further comprise contacting a cell population (e.g. , a cell population in which

T regulatory cells, such as CD25+ T cells, have been depleted ; or a cell population that has previously

contacted an anti-CD25 antibody, fragment thereof, or CD25-binding ligand) with IL-1 5 and/or IL-7. For

example, the cell population (e.g. , that has previously contacted an anti-CD25 antibody, fragment thereof,

or CD25-binding ligand) is expanded in the presence of IL-1 5 and/or IL-7.

In some embodiments a CAR-expressing cell described herein is contacted with a composition

comprising a interleukin-1 5 (IL-1 5) polypeptide, a interleukin-1 5 receptor alpha (IL-1 5Ra) polypeptide, or

a combination of both a IL-1 5 polypeptide and a IL-1 5Ra polypeptide e.g., hetlL-1 5 , during the

manufacturing of the CAR-expressing cell, e.g . , ex vivo. In embodiments, a CAR-expressing cell

described herein is contacted with a composition comprising a IL-1 5 polypeptide during the manufacturing

of the CAR-expressing cell, e.g., ex vivo. In embodiments, a CAR-expressing cell described herein is

contacted with a composition comprising a combination of both a IL-1 5 polypeptide and a IL-1 5 Ra

polypeptide during the manufacturing of the CAR-expressing cell, e.g. , ex vivo. In embodiments, a CAR-

expressing cell described herein is contacted with a composition comprising hetlL-1 5 during the

manufacturing of the CAR-expressing cell, e.g . , ex vivo.

In one embodiment the CAR-expressing cell described herein is contacted with a composition

comprising hetlL-1 5 during ex vivo expansion . In an embodiment, the CAR-expressing cell described

herein is contacted with a composition comprising an IL-1 5 polypeptide during ex vivo expansion. In an

embodiment, the CAR-expressing cell described herein is contacted with a composition comprising both

an IL-1 5 polypeptide and an IL-1 5Ra polypeptide during ex vivo expansion. In one embodiment the

contacting results in the survival and proliferation of a lymphocyte subpopulation, e.g. , CD8+ T cells.



T cells that have been exposed to varied stimulation times may exhibit different characteristics.

For example, typical blood or apheresed peripheral blood mononuclear cell products have a helper T cell

population (TH, CD4+) that is greater than the cytotoxic or suppressor T cell population (TC, CD8+). Ex

vivo expansion of T cells by stimulating CD3 and CD28 receptors produces a population of T cells that

prior to about days 8-9 consists predominately of TH cells, while after about days 8-9, the population of T

cells comprises an increasingly greater population of TC cells. Accordingly, depending on the purpose of

treatment, infusing a subject with a T cell population comprising predominately of TH cells may be

advantageous. Similarly, if an antigen-specific subset of TC cells has been isolated it may be beneficial to

expand this subset to a greater degree.

Further, in addition to CD4 and CD8 markers, other phenotypic markers vary significantly, but in

large part, reproducibly during the course of the cell expansion process. Thus, such reproducibility

enables the ability to tailor an activated T cell product for specific purposes.

Once a CAR described herein is constructed, various assays can be used to evaluate the activity

of the molecule, such as but not limited to, the ability to expand T cells following antigen stimulation,

sustain T cell expansion in the absence of re-stimulation, and anti-cancer activities in appropriate in vitro

and animal models. Assays to evaluate the effects of a cars of the present invention are described in

further detail below

Western blot analysis of CAR expression in primary T cells can be used to detect the presence of

monomers and dimers. See, e.g. , Milone et al., Molecular Therapy 1 (8): 1453-1 464 (2009). Very

briefly, T cells ( 1 :1 mixture of CD4+ and CD8+ T cells) expressing the CARs are expanded in vitro for

more than 10 days followed by lysis and SDS-PAGE under reducing conditions. CARs containing the full

length TCR- ζ cytoplasmic domain and the endogenous TCR- ζ chain are detected by western blotting

using an antibody to the TCR- ζ chain. The same T cell subsets are used for SDS-PAG E analysis under

non-reducing conditions to permit evaluation of covalent dimer formation.

In vitro expansion of CAR+ T cells following antigen stimulation can be measured by flow

cytometry. For example, a mixture of CD4+ and CD8+ T cells are stimulated with aCD3/aCD28 aAPCs

followed by transduction with lentiviral vectors expressing GFP under the control of the promoters to be

analyzed. Exemplary promoters include the CMV IE gene, EF-1 a , ubiquitin C, or phosphoglycerokinase

(PGK) promoters. GFP fluorescence is evaluated on day 6 of culture in the CD4+ and/or CD8+ T cell

subsets by flow cytometry. See, e.g., Milone et al. , Molecular Therapy 17(8) : 1453-1 464 (2009).

Alternatively, a mixture of CD4+ and CD8+ T cells are stimulated with aCD3/aCD28 coated magnetic

beads on day 0 , and transduced with CAR on day 1 using a bicistronic lentiviral vector expressing CAR

along with eGFP using a 2A ribosomal skipping sequence. Cultures are re-stimulated with either a

cancer associated antigen as described herein + K562 cells (K562 expressing a cancer associated antigen

as described herein), wild-type K562 cells (K562 wild type) or K562 cells expressing hCD32 and 4-1 BBL

in the presence of antiCD3 and anti-CD28 antibody (K562-BBL-3/28) following washing. Exogenous IL-2

is added to the cultures every other day at 100 lU/ml. GFP+ T cells are enumerated by flow cytometry

using bead-based counting. See, e.g., Milone et al., Molecular Therapy 17(8) : 1453-1 464 (2009).

Sustained CAR + T cell expansion in the absence of re-stimulation can also be measured. See,

e.g., Milone et al., Molecular Therapy 17(8) : 1453-1 464 (2009). Briefly, mean T cell volume (fl) is

measured on day 8 of culture using a Coulter Multisizer II I particle counter, a Nexcelom Cellometer Vision



or Millipore Scepter, following stimulation with aCD3/aCD28 coated magnetic beads on day 0 , and

transduction with the indicated CAR on day 1.

Animal models can also be used to measure a CART activity. For example, xenograft model

using human a cancer associated antigen described herein-specific CAR+ T cells to treat a primary

human pre-B ALL in immunodeficient mice can be used . See, e.g. , Milone et al., Molecular Therapy

17(8) : 1453-1 464 (2009). Very briefly, after establishment of ALL, mice are randomized as to treatment

groups. Different numbers of a cancer associated antigen -specific CARengineered T cells are coinjected

at a 1:1 ratio into NOD-SCI D-Y-'- mice bearing B-ALL. The number of copies of a cancer associated

antigen -specific CAR vector in spleen DNA from mice is evaluated at various times following T cell

injection. Animals are assessed for leukemia at weekly intervals. Peripheral blood a cancer associate

antigen as described herein+ B-ALL blast cell counts are measured in mice that are injected with a cancer

associated antigen described herein-ζ CAR+ T cells or mock-transduced T cells. Survival curves for the

groups are compared using the log-rank test. In addition, absolute peripheral blood CD4+ and CD8+ T cell

counts 4 weeks following T cell injection in NOD-SCID- γ -'- mice can also be analyzed. Mice are injected

with leukemic cells and 3 weeks later are injected with T cells engineered to express CAR by a bicistronic

lentiviral vector that encodes the CAR linked to eGFP. T cells are normalized to 45-50% input GFP+ T

cells by mixing with mock-transduced cells prior to injection, and confirmed by flow cytometry. Animals

are assessed for leukemia at 1-week intervals. Survival curves for the CAR+ T cell groups are compared

using the log-rank test.

Dose dependent CAR treatment response can be evaluated. See, e.g., Milone et al. , Molecular

Therapy 17(8) : 1453-1 464 (2009). For example, peripheral blood is obtained 35-70 days after

establishing leukemia in mice injected on day 2 1 with CAR T cells, an equivalent number of mock-

transduced T cells, or no T cells. Mice from each group are randomly bled for determination of peripheral

blood a cancer associate antigen as described herein+ ALL blast counts and then killed on days 35 and

49. The remaining animals are evaluated on days 57 and 70.

Assessment of cell proliferation and cytokine production has been previously described, e.g. , at

Milone et al. , Molecular Therapy 17(8) : 1453-1 464 (2009). Briefly, assessment of CAR-mediated

proliferation is performed in microtiter plates by mixing washed T cells with K562 cells expressing a

cancer associated antigen described herein (K1 9) or CD32 and CD1 37 (KT32-BBL) for a final T-cell :K562

ratio of 2:1 . K562 cells are irradiated with gamma-radiation prior to use. Anti-CD3 (clone OKT3) and anti-

CD28 (clone 9.3) monoclonal antibodies are added to cultures with KT32-BBL cells to serve as a positive

control for stimulating T-cell proliferation since these signals support long-term CD8+ T cell expansion ex

vivo. T cells are enumerated in cultures using CountBright™ fluorescent beads (Invitrogen, Carlsbad,

CA) and flow cytometry as described by the manufacturer. CAR+ T cells are identified by GFP expression

using T cells that are engineered with eGFP-2A linked CAR-expressing lentiviral vectors. For CAR+ T

cells not expressing GFP, the CAR+ T cells are detected with biotinylated recombinant a cancer

associate antigen as described herein protein and a secondary avidin-PE conjugate. CD4+ and CD8+

expression on T cells are also simultaneously detected with specific monoclonal antibodies (BD

Biosciences). Cytokine measurements are performed on supernatants collected 24 hours following re-

stimulation using the human TH1 TH2 cytokine cytometric bead array kit (BD Biosciences, San Diego,



CA) according the manufacturer's instructions. Fluorescence is assessed using a FACScalibur flow

cytometer, and data is analyzed according to the manufacturer's instructions.

Cytotoxicity can be assessed by a standard 5 1Cr-release assay. See, e.g., Milone et al.,

Molecular Therapy 17(8) : 1453-1 464 (2009). Briefly, target cells (K562 lines and primary pro-B-ALL cells)

are loaded with 5 1Cr (as NaCr04, New England Nuclear, Boston, MA) at 37°C for 2 hours with frequent

agitation, washed twice in complete RPMI and plated into microtiter plates. Effector T cells are mixed

with target cells in the wells in complete RPMI at varying ratios of effector cell :target cell (E :T). Additional

wells containing media only (spontaneous release, SR) or a 1% solution of triton-X 100 detergent (total

release, TR) are also prepared. After 4 hours of incubation at 37°C, supernatant from each well is

harvested. Released 5 1Cr is then measured using a gamma particle counter (Packard Instrument Co. ,

Waltham , MA). Each condition is performed in at least triplicate, and the percentage of lysis is calculated

using the formula: % Lysis = (ER- SR) / (TR - SR), where ER represents the average 5 1Cr released for

each experimental condition.

Imaging technologies can be used to evaluate specific trafficking and proliferation of CARs in

tumor-bearing animal models. Such assays have been described, for example, in Barrett et al., Human

Gene Therapy 22:1 575-1 586 (201 1) . Briefly, NOD/SCI D/yc- '- (NSG) mice are injected IV with Nalm-6

cells followed 7 days later with T cells 4 hour after electroporation with the CAR constructs. The T cells

are stably transfected with a lentiviral construct to express firefly luciferase, and mice are imaged for

bioluminescence. Alternatively, therapeutic efficacy and specificity of a single injection of CAR+ T cells in

Nalm-6 xenograft model can be measured as the following : NSG mice are injected with Nalm-6

transduced to stably express firefly luciferase, followed by a single tail-vein injection of T cells

electroporated with cars of the present invention 7 days later. Animals are imaged at various time points

post injection . For example, photon-density heat maps of firefly luciferasepositive leukemia in

representative mice at day 5 (2 days before treatment) and day 8 (24 hr post CAR + PBLs) can be

generated.

Other assays, including those described in the Example section herein as well as those that are

known in the art can also be used to evaluate the CARs described herein.

Methods of treatment/Combination therapies

In another aspect, the present invention provides a method comprising administering a CAR

molecule, e.g. , a CAR molecule described herein, or a cell comprising a nucleic acid encoding a CAR

molecule, e.g. , a CAR molecule described herein. In one embodiment, the subject has a disorder

described herein, e.g. , the subject has cancer, e.g . , the subject has a cancer which expresses a target

antigen described herein. In one embodiment, the subject is a human.

In another aspect, the invention pertains to a method of treating a subject having a disease

associated with expression of a cancer associated antigen as described herein comprising administering

to the subject an effective amount of a cell comprising a CAR molecule, e.g. , a CAR molecule described

herein.

In yet another aspect, the invention features a method of treating a subject having a disease

associated with expression of a tumor antigen (e.g. , an antigen described herein), comprising

administering to the subject an effective amount of a cell, e.g. , an immune effector cell (e.g. , a population



of immune effector cells) comprising a CAR molecule, wherein the CAR molecule comprises an antigen

binding domain, a transmembrane domain, and an intracellular domain, said intracellular domain

comprises a costimulatory domain and/or a primary signaling domain, wherein said antigen binding

domain binds to the tumor antigen associated with the disease, e.g. a tumor antigen as described herein.

In a related aspect, the invention features a method of treating a subject having a disease

associated with expression of a tumor antigen. The method comprises administering to the subject an

effective amount of a cell, e.g., an immune effector cell ( e .g., a population of immune effector cells)

comprising a CAR molecule, in combination with an agent that increases the efficacy of the immune cell,

wherein :

the agent that increases the efficacy of the immune cell is chosen from one or more of:

(i) a protein phosphatase inhibitor;

(ii) a kinase inhibitor;

(iii) a cytokine;

(iv) an inhibitor of an immune inhibitory molecule; or

(v) an agent that decreases the level or activity of a TREG cell.

In another aspect, the invention features a composition comprising an immune effector cell (e .g.,

a population of immune effector cells) comprising a CAR molecule (e.g. , a CAR molecule as described

herein) for use in the treatment of a subject having a disease associated with expression of a tumor

antigen, e.g. , a disorder as described herein.

In certain embodiments of any of the aforesaid methods or uses, the disease associated with a

tumor antigen, e.g. , a tumor antigen described herein, is selected from a proliferative disease such as a

cancer or malignancy or a precancerous condition such as a myelodysplasia, a myelodysplastic

syndrome or a preleukemia, or is a non-cancer related indication associated with expression of a tumor

antigen described herein. In one embodiment, the disease is a cancer described herein, e.g. , a cancer

described herein as being associated with a target described herein . In one embodiment, the disease is

a hematologic cancer. In one embodiment, the hematologic cancer is leukemia. In one embodiment, the

cancer is selected from the group consisting of one or more acute leukemias including but not limited to

B-cell acute lymphoid leukemia ("BALL"), T-cell acute lymphoid leukemia ("TALL"), acute lymphoid

leukemia (ALL) ; one or more chronic leukemias including but not limited to chronic myelogenous

leukemia (CML), chronic lymphocytic leukemia (CLL) ; additional hematologic cancers or hematologic

conditions including, but not limited to B cell prolymphocytic leukemia, blastic plasmacytoid dendritic cell

neoplasm, Burkitt's lymphoma, diffuse large B cell lymphoma, follicular lymphoma, hairy cell leukemia,

small cell- or a large cell-follicular lymphoma, malignant lymphoproliferative conditions, MALT lymphoma,

mantle cell lymphoma, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic

syndrome, non-Hodgkin lymphoma, Hodgkin lymphoma, plasmablastic lymphoma, plasmacytoid dendritic

cell neoplasm , Waldenstrom macroglobulinemia, and "preleukemia" which are a diverse collection of

hematological conditions united by ineffective production (or dysplasia) of myeloid blood cells, and to

disease associated with expression of a tumor antigen described herein include, but not limited to,

atypical and/or non-classical cancers, malignancies, precancerous conditions or proliferative diseases

expressing a tumor antigen as described herein ; and any combination thereof. In another embodiment,

the disease associated with a tumor antigen described herein is a solid tumor.



In certain embodiments, the methods or uses are carried out in combination with an agent that

increases the efficacy of the immune effector cell, e.g ., an agent as described herein.

In any of the aforesaid methods or uses, the disease associated with expression of the tumor

antigen is selected from the group consisting of a proliferative disease, a precancerous condition, a

cancer, and a non-cancer related indication associated with expression of the tumor antigen.

The cancer can be a hematologic cancer, e.g. , a cancer chosen from one or more of chronic

lymphocytic leukemia (CLL), acute leukemias, acute lymphoid leukemia (ALL), B-cell acute lymphoid

leukemia (B-ALL), T-cell acute lymphoid leukemia (T-ALL), chronic myelogenous leukemia (CML), B cell

prolymphocytic leukemia, blastic plasmacytoid dendritic cell neoplasm , Burkitt's lymphoma, diffuse large

B cell lymphoma, follicular lymphoma, hairy cell leukemia, small cell- or a large cell-follicular lymphoma,

malignant lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, marginal zone

lymphoma, multiple myeloma, myelodysplasia and myelodysplastic syndrome, non-Hodgkin's lymphoma,

Hodgkin's lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom

macroglobulinemia, or pre-leukemia.

The cancer can also be chosen from colon cancer, rectal cancer, renal-cell carcinoma, liver

cancer, non-small cell carcinoma of the lung, cancer of the small intestine, cancer of the esophagus,

melanoma, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or

intraocular malignant melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,

stomach cancer, testicular cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the

endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's

Disease, non-Hodgkin's lymphoma, cancer of the endocrine system, cancer of the thyroid gland, cancer

of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra,

cancer of the penis, solid tumors of childhood, cancer of the bladder, cancer of the kidney or ureter,

carcinoma of the renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma,

tumor angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kaposi's sarcoma,

epidermoid cancer, squamous cell cancer, T-cell lymphoma, environmentally induced cancers,

combinations of said cancers, and metastatic lesions of said cancers.

In certain embodiments of the methods or uses described herein, the CAR molecule is

administered in combination with an agent that increases the efficacy of the immune effector cell, e.g.,

one or more of a protein phosphatase inhibitor, a kinase inhibitor, a cytokine, an inhibitor of an immune

inhibitory molecule; or an agent that decreases the level or activity of a TREG cell.

In certain embodiments of the methods or uses described herein, the protein phosphatase

inhibitor is a SHP-1 inhibitor and/or an SHP-2 inhibitor.

In other embodiments of the methods or uses described herein, kinase inhibitor is chosen from

one or more of a CDK4 inhibitor, a CDK4/6 inhibitor (e.g. , palbociclib), a BTK inhibitor (e.g. , ibrutinib or

RN-486), an mTOR inhibitor (e.g., rapamycin or everolimus (RAD001 )), an MNK inhibitor, or a dual

P 13K/mTOR inhibitor. In one embodiment, the BTK inhibitor does not reduce or inhibit the kinase activity

of interleukin-2-inducible kinase (ITK).

In other embodiments of the methods or uses described herein, the agent that inhibits the

immune inhibitory molecule comprises an antibody or antibody fragment, an inhibitory nucleic acid, a

clustered regularly interspaced short palindromic repeats (CRISPR), a transcription-activator like effector



nuclease (TALEN), or a zinc finger endonuclease (ZFN) that inhibits the expression of the inhibitory

molecule.

In other embodiments of the methods or uses described herein, the agent that decreases the

level or activity of the TREG cells is chosen from cyclophosphamide, anti-GITR antibody, CD25-depletion,

or a combination thereof.

In certain embodiments of the methods or uses described herein, the immune inhibitory molecule

is selected from the group consisting of PD1 , PD-L1 , CTLA-4, TIM-3, LAG -3, VISTA, BTLA, TIGIT,

LAI R 1 , CD1 60, 2B4, TG FR beta, CEACAM-1 , CEACAM-3, and CEACAM-5.

In other embodiments, the agent that inhibits the inhibitory molecule comprises a first polypeptide

comprising an inhibitory molecule or a fragment thereof and a second polypeptide that provides a positive

signal to the cell, and wherein the first and second polypeptides are expressed on the CAR-containing

immune cells, wherein (i) the first polypeptide comprises PD1 , PD-L1 , CTLA-4, TIM-3, LAG3, VISTA,

BTLA, TIG IT, LAIR1 , CD1 60, 2B4, TG FR beta, CEACAM-1 , CEACAM-3, and CEACAM-5 or a fragment

thereof; and/or (ii) the second polypeptide comprises an intracellular signaling domain comprising a

primary signaling domain and/or a costimulatory signaling domain. In one embodiment, the primary

signaling domain comprises a functional domain of CD3 zeta; and/or the costimulatory signaling domain

comprises a functional domain of a protein selected from 4 1BB, CD27 and CD28.

In other embodiments, cytokine is chosen from IL-7, IL-1 5 or IL-21 , or both.

In other embodiments, the immune effector cell comprising the CAR molecule and a second, e.g. ,

any of the combination therapies disclosed herein (e.g ., the agent that that increases the efficacy of the

immune effector cell) are administered substantially simultaneously or sequentially.

In other embodiments, the immune cell comprising the CAR molecule is administered in

combination with a molecule that targets GITR and/or modulates G ITR function. In certain embodiments,

the molecule targeting GITR and/or modulating G ITR function is administered prior to the CAR-

expressing cell or population of cells, or prior to apheresis.

In one embodiment, lymphocyte infusion, for example allogeneic lymphocyte infusion, is used in

the treatment of the cancer, wherein the lymphocyte infusion comprises at least one CAR-expressing cell

of the present invention . In one embodiment, autologous lymphocyte infusion is used in the treatment of

the cancer, wherein the autologous lymphocyte infusion comprises at least one CAR-expressing cell

described herein.

In one embodiment, the cell is a T cell and the T cell is diaglycerol kinase (DGK) deficient. In one

embodiment, the cell is a T cell and the T cell is Ikaros deficient. In one embodiment, the cell is a T cell

and the T cell is both DGK and Ikaros deficient.

In one embodiment, the method includes administering a cell expressing the CAR molecule, as

described herein, in combination with an agent which enhances the activity of a CAR-expressing cell,

wherein the agent is a cytokine, e.g. , IL-7, IL-1 5 , IL-1 8 , IL-21 , or a combination thereof. The cytokine can

be delivered in combination with , e.g., simultaneously or shortly after, administration of the CAR-

expressing cell. Alternatively, the cytokine can be delivered after a prolonged period of time after

administration of the CAR-expressing cell, e.g . , after assessment of the subject's response to the CAR-

expressing cell. In one embodiment the cytokine is administered to the subject simultaneously (e.g. ,

administered on the same day) with or shortly after administration (e.g. , administered 1 day, 2 days, 3



days, 4 days, 5 days, 6 days, or 7 days after administration) of the cell or population of cells of any of

claims 6 1-80. In other embodiments, the cytokine is administered to the subject after a prolonged period

of time (e.g. , e.g. , at least 2 weeks, 3 weeks, 4 weeks, 6 weeks, 8 weeks, 10 weeks, or more) after

administration of the cell or population of cells of any of claims 6 1-80, or after assessment of the subject's

response to the cell.

In other embodiments, the cells expressing a CAR molecule are administered in combination with

an agent that ameliorates one or more side effects associated with administration of a cell expressing a

CAR molecule. Side effects associated with the CAR-expressing cell can be chosen from cytokine

release syndrome (CRS) or hemophagocytic lymphohistiocytosis (HLH).

In embodiments of any of the aforeseaid methods or uses, the cells expressing the CAR molecule

are administered in combination with an agent that treats the disease associated with expression of the

tumor antigen, e.g. , any of the second or third therapies disclosed herein. Additional exemplary

combinations include one or more of the following.

In another embodiment, the cell expressing the CAR molecule, e.g. , as described herein, can be

administered in combination with another agent, e.g . , a kinase inhibitor and/or checkpoint inhibitor

described herein. In an embodiment, a cell expressing the CAR molecule can further express another

agent, e.g., an agent which enhances the activity of a CAR-expressing cell.

For example, in one embodiment, the agent that enhances the activity of a CAR-expressing cell

can be an agent which inhibits an inhibitory molecule (e.g., an immune inhibitor molecule). Examples of

inhibitory molecules include PD1 , PD-L1 , CTLA-4, TIM-3, CEACAM (e.g. , CEACAM-1 , CEACAM-3 and/or

CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAI R 1 , CD1 60, 2B4 and TGFR beta.

In one embodiment, the agent that inhibits the inhibitory molecule is an inhibitory nucleic acid is a

dsRNA, a siRNA, or a shRNA. In embodiments, the inhibitory nucleic acid is linked to the nucleic acid

that encodes a component of the CAR molecule. For example, the inhibitory molecule can be expressed

on the CAR-expressing cell .

In another embodiment, the agent which inhibits an inhibitory molecule, e.g., is a molecule

described herein, e.g. , an agent that comprises a first polypeptide, e.g. , an inhibitory molecule, associated

with a second polypeptide that provides a positive signal to the cell, e.g., an intracellular signaling domain

described herein. In one embodiment, the agent comprises a first polypeptide, e.g., of an inhibitory

molecule such as PD-1 , PD-L1 , CTLA-4, TIM-3, CEACAM (e.g., CEACAM-1 , CEACAM-3 and/or

CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAI R 1 , CD1 60, 2B4 or TGFR beta, or a fragment of any of

these (e.g., at least a portion of the extracellular domain of any of these), and a second polypeptide which

is an intracellular signaling domain described herein (e.g., comprising a costimulatory domain (e.g. , 4 1BB,

CD27 or CD28, e.g., as described herein) and/or a primary signaling domain (e.g. , a CD3 zeta signaling

domain described herein). In one embodiment, the agent comprises a first polypeptide of PD1 or a

fragment thereof (e.g. , at least a portion of the extracellular domain of PD1 ) , and a second polypeptide of

an intracellular signaling domain described herein (e.g. , a CD28 signaling domain described herein and/or

a CD3 zeta signaling domain described herein).

In one embodiment, the CAR-expressing immune effector cell of the present invention , e.g., T cell

or NK cell, is administered to a subject that has received a previous stem cell transplantation , e.g.,

autologous stem cell transplantation.



In one embodiment, the CAR-expressing immune effector cell of the present invention, e.g., T

cell or NK cells, is administered to a subject that has received a previous dose of melphalan.

In one embodiment, the cell expressing a CAR molecule, e.g., a CAR molecule described herein,

is administered in combination with an agent that increases the efficacy of a cell expressing a CAR

molecule, e.g. , an agent described herein .

In one embodiment, the cells expressing a CAR molecule, e.g . , a CAR molecule described

herein, are administered in combination with a low, immune enhancing dose of an mTOR inhibitor. While

not wishing to be bound by theory, it is believed that treatment with a low, immune enhancing, dose (e.g.,

a dose that is insufficient to completely suppress the immune system but sufficient to improve immune

function) is accompanied by a decrease in PD-1 positive T cells or an increase in PD-1 negative cells.

PD-1 positive T cells, but not PD-1 negative T cells, can be exhausted by engagement with cells which

express a PD-1 ligand, e.g. , PD-L1 or PD-L2.

In an embodiment this approach can be used to optimize the performance of CAR cells described

herein in the subject. While not wishing to be bound by theory, it is believed that, in an embodiment, the

performance of endogenous, non-modified immune effector cells, e.g. , T cells or NK cells, is improved.

While not wishing to be bound by theory, it is believed that, in an embodiment, the performance of a

target antigen CAR- expressing cell is improved. In other embodiments, cells, e.g. , T cells or NK cells,

which have, or will be engineered to express a CAR, can be treated ex vivo by contact with an amount of

an mTOR inhibitor that increases the number of PD1 negative immune effector cells, e.g . , T cells or

increases the ratio of PD1 negative immune effector cells, e.g. , T cells/ PD1 positive immune effector

cells, e.g., T cells.

In an embodiment, administration of a low, immune enhancing, dose of an mTOR inhibitor, e.g.,

an allosteric inhibitor, e.g. , RAD001 , or a catalytic inhibitor, is initiated prior to administration of an CAR

expressing cell described herein, e.g . , T cells or NK cells. In an embodiment, the CAR cells are

administered after a sufficient time, or sufficient dosing, of an mTOR inhibitor, such that the level of PD1

negative immune effector cells, e.g. , T cells or NK cells, or the ratio of PD1 negative immune effector

cells, e.g., T cells/ PD1 positive immune effector cells, e.g. , T cells, has been, at least transiently,

increased.

In an embodiment, the cell, e.g. , T cell or NK cell, to be engineered to express a CAR, is

harvested after a sufficient time, or after sufficient dosing of the low, immune enhancing, dose of an

mTOR inhibitor, such that the level of PD1 negative immune effector cells, e.g. , T cells, or the ratio of

PD1 negative immune effector cells, e.g., T cells/ PD1 positive immune effector cells, e.g. , T cells, in the

subject or harvested from the subject has been, at least transiently, increased .

In one embodiment, the cell expressing a CAR molecule, e.g., a CAR molecule described herein,

is administered in combination with an agent that ameliorates one or more side effect associated with

administration of a cell expressing a CAR molecule, e.g., an agent described herein.

In one embodiment, the cell expressing a CAR molecule, e.g., a CAR molecule described herein,

is administered in combination with an agent that treats the disease associated with a cancer associated

antigen as described herein, e.g., an agent described herein.

In one embodiment, a cell expressing two or more CAR molecules, e.g., as described herein, is

administered to a subject in need thereof to treat cancer. In one embodiment, a population of cells



including a CAR expressing cell, e.g. , as described herein, is administered to a subject in need thereof to

treat cancer.

In one embodiment, the cell expressing a CAR molecule, e.g., a CAR molecule described herein,

is administered at a dose and/or dosing schedule described herein.

In one embodiment, the CAR molecule is introduced into immune effector cells (e.g., T cells, NK

cells), e.g., using in vitro transcription, and the subject (e.g., human) receives an initial administration of

cells comprising a CAR molecule, and one or more subsequent administrations of cells comprising a CAR

molecule, wherein the one or more subsequent administrations are administered less than 15 days, e.g. ,

14 , 13 , 12 , 11, 10 , 9 , 8 , 7 , 6 , 5 , 4 , 3 , or 2 days after the previous administration. In one embodiment,

more than one administration of cells comprising a CAR molecule are administered to the subject (e.g.,

human) per week, e.g. , 2 , 3 , or 4 administrations of cells comprising a CAR molecule are administered

per week. In one embodiment, the subject (e.g., human subject) receives more than one administration

of cells comprising a CAR molecule per week (e.g., 2 , 3 or 4 administrations per week) (also referred to

herein as a cycle), followed by a week of no administration of cells comprising a CAR molecule, and then

one or more additional administration of cells comprising a CAR molecule (e.g . , more than one

administration of the cells comprising a CAR molecule per week) is administered to the subject. In

another embodiment, the subject (e.g. , human subject) receives more than one cycle of cells comprising

a CAR molecule, and the time between each cycle is less than 10 , 9 , 8 , 7 , 6 , 5 , 4 , or 3 days. In one

embodiment, the cells comprising a CAR molecule are administered every other day for 3 administrations

per week. In one embodiment, the cells comprising a CAR molecule are administered for at least two,

three, four, five, six, seven, eight or more weeks.

In one embodiment, the cells expressing a CAR molecule, e.g . , a CAR molecule described

herein, are administered as a first line treatment for the disease, e.g., the cancer, e.g., the cancer

described herein. In another embodiment, the cells expressing a CAR molecule, e.g., a CAR molecule

described herein, are administered as a second, third , fourth line treatment for the disease, e.g. , the

cancer, e.g. , the cancer described herein .

In one embodiment, a population of cells described herein is administered.

In another aspect, the invention pertains to the isolated nucleic acid molecule encoding a CAR of

the invention, the isolated polypeptide molecule of a CAR of the invention, the vector comprising a CAR

of the invention, and the cell comprising a CAR of the invention for use as a medicament.

In another aspect, the invention pertains to a the isolated nucleic acid molecule encoding a CAR

of the invention, the isolated polypeptide molecule of a CAR of the invention, the vector comprising a

CAR of the invention , and the cell comprising a CAR of the invention for use in the treatment of a disease

expressing a cancer associated antigen as described herein.

In another aspect, the invention pertains to a cell expressing a CAR molecule described herein

for use as a medicament in combination with a cytokine, e.g. , IL-7, IL-1 5 and/or IL-21 as described

herein. In another aspect, the invention pertains to a cytokine described herein for use as a medicament

in combination with a cell expressing a CAR molecule described herein.

In another aspect, the invention pertains to a cell expressing a CAR molecule described herein

for use as a medicament in combination with a kinase inhibitor and/or a checkpoint inhibitor as described

herein. In another aspect, the invention pertains to a kinase inhibitor and/or a checkpoint inhibitor



described herein for use as a medicament in combination with a cell expressing a CAR molecule

described herein.

In another aspect, the invention pertains to a cell expressing a CAR molecule described herein

for use in combination with a cytokine, e.g. , IL-7, IL-1 5 and/or IL-21 as described herein, in the treatment

of a disease expressing a tumor antigen targeted by the CAR. In another aspect, the invention pertains

to a cytokine described herein for use in combination with a cell expressing a CAR molecule described

herein, in the treatment of a disease expressing a tumor antigen targeted by the CAR.

In another aspect, the invention pertains to a cell expressing a CAR molecule described herein

for use in combination with a kinase inhibitor and/or a checkpoint inhibitor as described herein, in the

treatment of a disease expressing a tumor antigen targeted by the CAR. In another aspect, the invention

pertains to a kinase inhibitor and/or a checkpoint inhibitor described herein for use in combination with a

cell expressing a CAR molecule described herein, in the treatment of a disease expressing a tumor

antigen targeted by the CAR.

In another aspect, the present invention provides a method comprising administering a CAR

molecule, e.g. , a CAR molecule described herein, or a cell comprising a nucleic acid encoding a CAR

molecule, e.g. , a CAR molecule described herein. In one embodiment, the subject has a disorder

described herein, e.g. , the subject has cancer, e.g . , the subject has a cancer and has tumor-supporting

cells which express a tumor-supporting antigen described herein. In one embodiment, the subject is a

human.

In another aspect, the invention pertains to a method of treating a subject having a disease

associated with expression of a tumor-supporting antigen as described herein comprising administering to

the subject an effective amount of a cell comprising a CAR molecule, e.g., a CAR molecule described

herein.

In yet another aspect, the invention features a method of treating a subject having a disease

associated with expression of a tumor-supporting antigen, comprising administering to the subject an

effective amount of a cell, e.g., an immune effector cell ( e .g., a population of immune effector cells)

comprising a CAR molecule, wherein the CAR molecule comprises an antigen binding domain, a

transmembrane domain, and an intracellular domain, said intracellular domain comprises a costimulatory

domain and/or a primary signaling domain, wherein said antigen binding domain binds to the tumor-

supporting antigen associated with the disease, e.g. a tumor-supporting antigen as described herein.

In another aspect, the invention features a composition comprising an immune effector cell (e.g . ,

a population of immune effector cells) comprising a CAR molecule (e.g. , a CAR molecule as described

herein) for use in the treatment of a subject having a disease associated with expression of a tumor-

supporting antigen, e.g. , a disorder as described herein.

In any of the aforesaid methods or uses, the disease associated with expression of the tumor-

supporting antigen is selected from the group consisting of a proliferative disease, a precancerous

condition, a cancer, and a non-cancer related indication associated with expression of the tumor-

supporting antigen. In an embodiment, the disease associated with a tumor-supporting antigen described

herein is a solid tumor.

In one embodiment of the methods or uses described herein, the CAR molecule is administered

in combination with another agent. In one embodiment, the agent can be a kinase inhibitor, e.g. , a



CDK4/6 inhibitor, a BTK inhibitor, an mTOR inhibitor, a MNK inhibitor, o r a dual PI3K/mTOR inhibitor, and

combinations thereof. In one embodiment, the kinase inhibitor is a CDK4 inhibitor, e.g. , a CDK4 inhibitor

described herein, e.g. , a CD4/6 inhibitor, such as, e.g. , 6-Acetyl-8-cyclopentyl-5-methyl-2-(5-piperazin-1 -

yl-pyridin-2-ylamino)-8/-/-pyrido[2,3-c/|pyrimidin-7-one, hydrochloride (also referred to as palbociclib o r

PD0332991 ) . In one embodiment, the kinase inhibitor is a BTK inhibitor, e.g. , a BTK inhibitor described

herein, such as, e.g. , ibrutinib. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., an

mTOR inhibitor described herein, such as, e.g., rapamycin, a rapamycin analog, OSI-027. The mTOR

inhibitor can be, e.g. , an mTORCI inhibitor and/or an mTORC2 inhibitor, e.g., an mTORCI inhibitor

and/or mTORC2 inhibitor described herein. In one embodiment, the kinase inhibitor is a MNK inhibitor,

e.g. , a MNK inhibitor described herein, such as, e.g. , 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-c/|

pyrimidine. The MNK inhibitor can be, e.g. , a MNK1 a , MNK1 b, MNK2a and/or MNK2b inhibitor. The dual

PI3K/mTOR inhibitor can be, e.g. , PF-046951 02.

In one embodiment of the methods or uses described herein, the kinase inhibitor is a CDK4

inhibitor selected from aloisine A ; flavopiridol o r HMR-1 275, 2-(2-chlorophenyl)-5,7-dihydroxy-8-[(3S,4R)-

3-hydroxy-1 -methyl-4-piperidinyl]-4-chromenone; crizotinib (PF-02341 066; 2-(2-Chlorophenyl)-5,7-

dihydroxy-8-[(2/ ?,3S)-2-(hydroxymethyl)-1 -methyl-3-pyrrolidinyl]- 4 - 1 -benzopyran-4-one, hydrochloride

(P276-00) ; 1-methyl-5-[[2-[5-(trifluoromethyl)-1 AV-imidazol-2-yl]-4-pyridinyl]oxy]-A/-[4-

(trifluoromethyl)phenyl]-1 AV-benzimidazol-2-amine (RAF265) ; indisulam (E7070) ; roscovitine (CYC202) ;

palbociclib (PD0332991 ) ; dinaciclib (SCH727965) ; N-[5-[[(5-ferf-butyloxazol-2-yl)methyl]thio]thiazol-2-

yl]piperidine-4-carboxamide (BMS 387032) ; 4-[[9-chloro-7-(2,6-difluorophenyl)-5AV-pyrimido[5,4-

d|[2]benzazepin-2-yl]amino]-benzoic acid (MLN8054) ; 5-[3-(4,6-difluoro-1 H-benzimidazol-2-yl)-1 H-

indazol-5-yl]-N-ethyl-4-methyl-3-pyridinemethanamine (AG-024322) ; 4-(2,6-dichlorobenzoylamino)-1 H-

pyrazole-3-carboxylic acid N-(piperidin-4-yl)amide (AT751 9) ; 4-[2-methyl-1 -(1 -methylethyl)-1 /-/-imidazol-5-

yl]-A/-[4-(methylsulfonyl)phenyl]- 2-pyrimidinamine (AZD5438) ; and XL281 (BMS908662).

[001 ] In one embodiment of the methods or uses described herein, the kinase inhibitor is a CDK4

inhibitor, e.g. , palbociclib (PD0332991 ) , and the palbociclib is administered at a dose of about 50 mg, 60

mg, 70 mg, 75 mg, 80 mg, 90 mg, 100 mg, 105 mg, 110 mg, 115 mg, 120 mg, 125 mg, 130 mg, 135 mg

(e.g. , 75 mg, 100 mg or 125 mg) daily for a period of time, e.g., daily for 14-21 days of a 28 day cycle, o r

daily for 7-1 2 days of a 2 1 day cycle. In one embodiment, 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 or more

cycles of palbociclib are administered.

In one embodiment of the methods or uses described herein, the kinase inhibitor is a BTK

inhibitor selected from ibrutinib (PCI-32765) ; G DC-0834; RN-486; CG I-560; CG I-1 764; HM-71 224; CC-

292; ONO-4059; CNX-774; and LFM-A1 3 . In one embodiment, the BTK inhibitor does not reduce or

inhibit the kinase activity of interleukin-2-inducible kinase (ITK), and is selected from G DC-0834; RN-486 ;

CGI-560; CGI-1 764; HM-71 224; CC-292; ONO-4059; CNX-774; and LFM-A1 3 .

In one embodiment of the methods or uses described herein, the kinase inhibitor is a BTK

inhibitor, e.g. , ibrutinib (PCI-32765), and the ibrutinib is administered at a dose of about 250 mg, 300 mg,

350 mg, 400 mg, 420 mg, 440 mg, 460 mg, 480 mg, 500 mg, 520 mg, 540 mg, 560 mg, 580 mg, 600 mg

(e.g. , 250 mg, 420 mg or 560 mg) daily for a period of time, e.g. , daily for 2 1 day cycle, o r daily for 28 day

cycle. In one embodiment, 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 or more cycles of ibrutinib are administered.



In one embodiment of the methods or uses described herein, the kinase inhibitor is a BTK

inhibitor that does not inhibit the kinase activity of ITK, e.g., RN-486, and RN-486 is administered at a

dose of about 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg, 160 mg, 170 mg, 180 mg, 190 mg,

200 mg, 2 10 mg, 220 mg, 230 mg, 240 mg, 250 mg (e.g., 150 mg, 200 mg or 250 mg) daily for a period of

time, e.g. , daily a 28 day cycle. In one embodiment, 1, 2 , 3 , 4 , 5 , 6 , 7 , or more cycles of RN-486 are

administered.

In one embodiment of the methods or uses described herein, the kinase inhibitor is an mTOR

inhibitor selected from temsirolimus; ridaforolimus ( 1 R,2R,AS)-A-[(2R)-2

[(1 R,9S,1 2S,1 5 ,16E,1 8 ,19R,21 , 23S,24E,26E,28Z,30S,32S,35R)-1 , 1 8-dihydroxy-1 9,30-dimethoxy-

15 ,17,21 ,23, 29,35-hexamethyl-2,3, 10 ,14,20-pentaoxo-1 1,36-dioxa-4-azatricyclo[30.3.1 .0 4 9]

hexatriaconta-1 6,24,26,28-tetraen-1 2-yl]propyl]-2-methoxycyclohexyl dimethylphosphinate, also known

as AP23573 and MK8669; everolimus (RAD001 ) ; rapamycin (AY22989) ; simapimod ; (5-{2,4-bis[(3S)-3-

methylmorpholin-4-yl]pyrido[2,3 -d|pyrimidin-7-yl}-2-methoxyphenyl)methanol (AZD8055) ; 2-amino-8-

[frans-4-(2-hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4-methyl-pyrido[2,3-c/|pyrimidin-7(8/-/)-

one (PF04691 502) ; and Λ -[1,4-dioxo-4-[[4-(4-oxo-8-phenyl-4/-/-1 -benzopyran-2-yl)morpholinium-4-

yl]methoxy]butyl]-L-arginylglycyl-L-a-aspartylL-serine-, inner salt (SF1 126) ; and XL765.

In one embodiment of the methods or uses described herein, the kinase inhibitor is an mTOR

inhibitor, e.g. , rapamycin, and the rapamycin is administered at a dose of about 3 mg, 4 mg, 5 mg, 6 mg,

7 mg, 8 mg, 9 mg, 10 mg (e.g., 6 mg) daily for a period of time, e.g. , daily for 2 1 day cycle, or daily for 28

day cycle. In one embodiment, 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 or more cycles of rapamycin are

administered. In one embodiment, the kinase inhibitor is an mTOR inhibitor, e.g., everolimus and the

everolimus is administered at a dose of about 2 mg, 2.5 mg, 3 mg, 4 mg, 5 mg, 6 mg, 7 mg, 8 mg, 9 mg,

10 mg, 11 mg, 12 mg, 13 mg, 14 mg, 15 mg (e.g., 10 mg) daily for a period of time, e.g. , daily for 28 day

cycle. In one embodiment, 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 or more cycles of everolimus are

administered.

In one embodiment of the methods or uses described herein, the kinase inhibitor is an MNK

inhibitor selected from CGP052088; 4-amino-3-(p-fluorophenylamino)-pyrazolo [3,4-c/| pyrimidine

(CG P57380) ; cercosporamide; ETC-1 780445-2; and 4-amino-5-(4-fluoroanilino)-pyrazolo [3,4-d|

pyrimidine.

In one embodiment of the methods or uses described herein, the kinase inhibitor is a dual

phosphatidylinositol 3-kinase (PI3K) and mTOR inhibitor selected from 2-Amino-8 -[frans-4-(2-

hydroxyethoxy)cyclohexyl]-6-(6-methoxy-3-pyridinyl)-4-methyl-pyrido[2,3 - |pyrimidin-7(8H)-one (PF-

04691 502) ; /V-[4-[[4-(Dimethylamino)-1 -piperidinyl]carbonyl]phenyl ]- -[4-(4,6-di-4-morpholinyl-1 ,3,5-

triazin-2-yl)phenyl]urea (PF-0521 2384, PKI-587) ; 2-Methyl-2-{4-[3-methyl-2-oxo-8-(quinolin-3-yl)-2,3-

dihydro-1 A7-imidazo[4,5-c]quinolin-1 -yl]phenyl}propanenitrile (BEZ-235) ; apitolisib (G DC-0980, RG7422) ;

2,4-Difluoro-N-{2-(methyloxy)-5-[4-(4-pyridazinyl)-6-quinolinyl]-3-pyridinyl}benzenesulfonamide

(GSK21 26458) ; 8-(6-methoxypyridin-3-yl)-3-methyl-1 -(4-(piperazin-1 -yl)-3-(trifluoromethyl)phenyl)-1 H-

imidazo[4,5-c]quinolin-2(3H)-one Maleic acid (NVP-BGT226) ; 3-[4-(4-Morpholinylpyrido[3',2':4,5]furo[3,2-

d]pyrimidin-2-yl]phenol (PI-1 03) ; 5-(9-isopropyl-8-methyl-2-morpholino-9H-purin-6-yl)pyrimidin-2-amine

(VS-5584, SB2343) ; and N-[2-[(3,5-Dimethoxyphenyl)amino]quinoxalin-3-yl]-4-[(4-methyl-3-

methoxyphenyl)carbonyl]aminophenylsulfonamide (XL765).



In one embodiment of the methods or uses described herein, a CAR expressing immune effector

cell described herein is administered to a subject in combination with a protein tyrosine phosphatase

inhibitor, e.g. , a protein tyrosine phosphatase inhibitor described herein. In one embodiment, the protein

tyrosine phosphatase inhibitor is an SHP-1 inhibitor, e.g., an SHP-1 inhibitor described herein, such as,

e.g. , sodium stibogluconate. In one embodiment, the protein tyrosine phosphatase inhibitor is an SHP-2

inhibitor.

In one embodiment of the methods or uses described herein, the CAR molecule is administered

in combination with another agent, and the agent is a cytokine. The cytokine can be, e.g. , IL-7, IL-1 5 , IL-

2 1 , or a combination thereof. In another embodiment, the CAR molecule is administered in combination

with a checkpoint inhibitor, e.g., a checkpoint inhibitor described herein. For example, in one

embodiment, the check point inhibitor inhibits an inhibitory molecule selected from PD-1 , PD-L1 , CTLA-4,

TIM-3, CEACAM (e.g. , CEACAM-1 , CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIGIT, LAIR1 ,

CD1 60, 2B4 and TGFR beta.

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 .

Therapeutic Application

In another aspect, a method of treating a subject, e.g. , reducing or ameliorating, a

hyperproliferative condition or disorder (e.g. , a cancer), e.g., solid tumor, a soft tissue tumor, or a

metastatic lesion, in a subject is provided . As used herein, the term "cancer" is meant to include all types

of cancerous growths or oncogenic processes, metastatic tissues or malignantly transformed cells,

tissues, or organs, irrespective of histopathologic type or stage of invasiveness. Examples of solid

tumors include malignancies, e.g. , sarcomas, adenocarcinomas, and carcinomas, of the various organ

systems, such as those affecting liver, lung, breast, lymphoid, gastrointestinal (e.g., colon), genitourinary

tract (e.g., renal, urothelial cells), prostate and pharynx. Adenocarcinomas include malignancies such as

most colon cancers, rectal cancer, renal-cell carcinoma, liver cancer, non-small cell carcinoma of the

lung, cancer of the small intestine and cancer of the esophagus. In one embodiment, the cancer is a

melanoma, e.g. , an advanced stage melanoma. Metastatic lesions of the aforementioned cancers can

also be treated or prevented using the methods and compositions of the invention. Examples of other

cancers that can be treated include bone cancer, pancreatic cancer, skin cancer, cancer of the head or

neck, cutaneous or intraocular malignant melanoma, uterine cancer, ovarian cancer, rectal cancer,

cancer of the anal region, stomach cancer, testicular cancer, uterine cancer, carcinoma of the fallopian

tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the

vulva, Hodgkin Disease, non-Hodgkin lymphoma, cancer of the esophagus, cancer of the small intestine,

cancer of the endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of

the adrenal gland, sarcoma of soft tissue, cancer of the urethra, cancer of the penis, chronic or acute

leukemias including acute myeloid leukemia, chronic myeloid leukemia, acute lymphoblastic leukemia,

chronic lymphocytic leukemia, solid tumors of childhood, lymphocytic lymphoma, cancer of the bladder,

cancer of the kidney or ureter, carcinoma of the renal pelvis, neoplasm of the central nervous system



(CNS), primary CNS lymphoma, tumor angiogenesis, spinal axis tumor, brain stem glioma, pituitary

adenoma, Kaposi's sarcoma, epidermoid cancer, squamous cell cancer, T-cell lymphoma,

environmentally induced cancers including those induced by asbestos, and combinations of said cancers.

Treatment of metastatic cancers, e.g., metastatic cancers that express PD-L1 (Iwai et al. (2005) Int.

Immunol. 17:1 33-1 44) can be effected using the antibody molecules described herein.

Exemplary cancers whose growth can be inhibited include cancers typically responsive to

immunotherapy. Non-limiting examples of cancers for treatment include melanoma (e.g., metastatic

malignant melanoma), renal cancer (e.g. clear cell carcinoma), prostate cancer (e.g. hormone refractory

prostate adenocarcinoma), breast cancer, colon cancer and lung cancer (e.g. non-small cell lung cancer).

Additionally, refractory or recurrent malignancies can be treated using the molecules described herein .

In one aspect, the invention pertains to a vector comprising a CAR operably linked to promoter for

expression in mammalian immune effector cells (e.g. , T cells, NK cells). In one aspect, the invention

provides a recombinant immune effector cell expressing a CAR of the present invention for use in treating

cancer expressing a cancer associate antigen as described herein. In one aspect, CAR-expressing cells

of the invention is capable of contacting a tumor cell with at least one cancer associated antigen

expressed on its surface such that the CAR-expressing cell targets the cancer cell and growth of the

cancer is inhibited.

In one aspect, the invention pertains to a method of inhibiting growth of a cancer, comprising

contacting the cancer cell with a CAR-expressing cell of the present invention such that the CART is

activated in response to the antigen and targets the cancer cell, wherein the growth of the tumor is

inhibited .

In one aspect, the invention pertains to a method of treating cancer in a subject. The method

comprises administering to the subject CAR-expressing cell of the present invention such that the cancer

is treated in the subject. In one aspect, the cancer associated with expression of a cancer associate

antigen as described herein is a hematological cancer. In one aspect, the hematological cancer is a

leukemia or a lymphoma. In one aspect, a cancer associated with expression of a cancer associate

antigen as described herein includes cancers and malignancies including, but not limited to, e.g. , one or

more acute leukemias including but not limited to, e.g., B-cell acute Lymphoid Leukemia ("BALL"), T-cell

acute Lymphoid Leukemia ("TALL"), acute lymphoid leukemia (ALL) ; one or more chronic leukemias

including but not limited to, e.g. , chronic myelogenous leukemia (CML), Chronic Lymphoid Leukemia

(CLL). Additional cancers or hematologic conditions associated with expression of a cancer associate

antigen as described herein include, but are not limited to, e.g., B cell prolymphocyte leukemia, blastic

plasmacytoid dendritic cell neoplasm , Burkitt's lymphoma, diffuse large B cell lymphoma, Follicular

lymphoma, Hairy cell leukemia, small cell- or a large cell-follicular lymphoma, malignant

lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, Marginal zone lymphoma,

multiple myeloma, myelodysplasia and myelodysplastic syndrome, non-Hodgkin lymphoma,

plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom macroglobulinemia, and

"preleukemia" which are a diverse collection of hematological conditions united by ineffective production

(or dysplasia) of myeloid blood cells, and the like. Further a disease associated with a cancer associate

antigen as described herein expression include, but not limited to, e.g. , atypical and/or non-classical



cancers, malignancies, precancerous conditions or proliferative diseases associated with expression of a

cancer associate antigen as described herein.

In some embodiments, a cancer that can be treated with CAR-expressing cell of the present

invention is multiple myeloma. Generally, myeloma cells are thought to be negative for a cancer

associate antigen as described herein expression by flow cytometry. Thus, in some embodiments, a

CD1 9 CAR, e.g. , as described herein, may be used to target myeloma cells. In some embodiments, cars

of the present invention therapy can be used in combination with one or more additional therapies, e.g .,

lenalidomide treatment.

The invention includes a type of cellular therapy where immune effector cells (e.g. , T cells, NK

cells) are genetically modified to express a chimeric antigen receptor (CAR) and the CAR-expressing T

cell or NK cell is infused to a recipient in need thereof. The infused cell is able to kill tumor cells in the

recipient. Unlike antibody therapies, CAR-modified immune effector cells (e.g. , T cells, NK cells) are able

to replicate in vivo resulting in long-term persistence that can lead to sustained tumor control. In various

aspects, the immune effector cells (e.g., T cells, NK cells) administered to the patient, or their progeny,

persist in the patient for at least four months, five months, six months, seven months, eight months, nine

months, ten months, eleven months, twelve months, thirteen months, fourteen month, fifteen months,

sixteen months, seventeen months, eighteen months, nineteen months, twenty months, twenty-one

months, twenty-two months, twenty-three months, two years, three years, four years, or five years after

administration of the T cell or NK cell to the patient.

The invention also includes a type of cellular therapy where immune effector cells (e.g., T cells,

NK cells) are modified, e.g. , by in vitro transcribed RNA, to transiently express a chimeric antigen

receptor (CAR) and the CAR T cell or NK cell is infused to a recipient in need thereof. The infused cell is

able to kill tumor cells in the recipient. Thus, in various aspects, the immune effector cells (e.g. , T cells,

NK cells) administered to the patient, is present for less than one month, e.g., three weeks, two weeks,

one week, after administration of the T cell or NK cell to the patient.

Without wishing to be bound by any particular theory, the anti-tumor immunity response elicited

by the CAR-modified immune effector cells (e.g . , T cells, NK cells) may be an active or a passive immune

response, or alternatively may be due to a direct vs indirect immune response. In one aspect, the CAR

transduced immune effector cells (e.g. , T cells, NK cells) exhibit specific proinflammatory cytokine

secretion and potent cytolytic activity in response to human cancer cells expressing the a cancer

associate antigen as described herein, resist soluble a cancer associate antigen as described herein

inhibition, mediate bystander killing and mediate regression of an established human tumor. For example,

antigen-less tumor cells within a heterogeneous field of a cancer associate antigen as described herein-

expressing tumor may be susceptible to indirect destruction by a cancer associate antigen as described

herein-redirected immune effector cells (e.g. , T cells, NK cells) that have previously reacted against

adjacent antigen-positive cancer cells.

In one aspect, the fully-human CAR-modified immune effector cells (e.g., T cells, NK cells) of the

invention may be a type of vaccine for ex vivo immunization and/or in vivo therapy in a mammal. In one

aspect, the mammal is a human.



With respect to ex vivo immunization, at least one of the following occurs in vitro prior to

administering the cell into a mammal : i) expansion of the cells, ii) introducing a nucleic acid encoding a

CAR to the cells or iii) cryopreservation of the cells.

Ex vivo procedures are well known in the art and are discussed more fully below. Briefly, cells are

isolated from a mammal (e.g., a human) and genetically modified (i.e. , transduced or transfected in vitro)

with a vector expressing a CAR disclosed herein . The CAR-modified cell can be administered to a

mammalian recipient to provide a therapeutic benefit. The mammalian recipient may be a human and the

CAR-modified cell can be autologous with respect to the recipient. Alternatively, the cells can be

allogeneic, syngeneic or xenogeneic with respect to the recipient.

The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is described in

U.S. Pat. No. 5 ,199,942, incorporated herein by reference, can be applied to the cells of the present

invention. Other suitable methods are known in the art, therefore the present invention is not limited to

any particular method of ex vivo expansion of the cells. Briefly, ex vivo culture and expansion of immune

effector cells (e.g., T cells, NK cells) comprises: ( 1 ) collecting CD34+ hematopoietic stem and progenitor

cells from a mammal from peripheral blood harvest or bone marrow explants; and (2) expanding such

cells ex vivo. In addition to the cellular growth factors described in U.S. Pat. No. 5 ,199,942, other factors

such as flt3-L, IL-1 , IL-3 and c-kit ligand, can be used for culturing and expansion of the cells.

In addition to using a cell-based vaccine in terms of ex vivo immunization , the present invention

also provides compositions and methods for in vivo immunization to elicit an immune response directed

against an antigen in a patient.

Generally, the cells activated and expanded as described herein may be utilized in the treatment

and prevention of diseases that arise in individuals who are immunocompromised. In particular, the CAR-

modified immune effector cells (e.g. , T cells, NK cells) of the invention are used in the treatment of

diseases, disorders and conditions associated with expression of a cancer associate antigen as

described herein. In certain aspects, the cells of the invention are used in the treatment of patients at risk

for developing diseases, disorders and conditions associated with expression of a cancer associate

antigen as described herein. Thus, the present invention provides methods for the treatment or

prevention of diseases, disorders and conditions associated with expression of a cancer associate

antigen as described herein comprising administering to a subject in need thereof, a therapeutically

effective amount of the CAR-modified immune effector cells (e.g . , T cells, NK cells) of the invention.

In one aspect the CAR-expressing cells of the inventions may be used to treat a proliferative

disease such as a cancer or malignancy or is a precancerous condition such as a myelodysplasia, a

myelodysplastic syndrome or a preleukemia. Further a disease associated with a cancer associate

antigen as described herein expression include, but not limited to, e.g. , atypical and/or non-classical

cancers, malignancies, precancerous conditions or proliferative diseases expressing a cancer associated

antigen as described herein. Non-cancer related indications associated with expression of a cancer

associate antigen as described herein include, but are not limited to, e.g. , autoimmune disease, (e.g. ,

lupus), inflammatory disorders (allergy and asthma) and transplantation.

The CAR-modified immune effector cells (e.g., T cells, NK cells) of the present invention may be

administered either alone, or as a pharmaceutical composition in combination with diluents and/or with

other components such as IL-2 or other cytokines or cell populations.



Hematologic Cancer

Hematological cancer conditions are the types of cancer such as leukemia, lymphoma, and

malignant lymphoproliferative conditions that affect blood, bone marrow and the lymphatic system.

Leukemia can be classified as acute leukemia and chronic leukemia. Acute leukemia can be

further classified as acute myelogenous leukemia (AML) and acute lymphoid leukemia (ALL). Chronic

leukemia includes chronic myelogenous leukemia (CML) and chronic lymphoid leukemia (CLL). Other

related conditions include myelodysplastic syndromes (MDS, formerly known as "preleukemia") which are

a diverse collection of hematological conditions united by ineffective production (or dysplasia) of myeloid

blood cells and risk of transformation to AML.

Lymphoma is a group of blood cell tumors that develop from lymphocytes. Exemplary

lymphomas include non-Hodgkin lymphoma and Hodgkin lymphoma.

The present invention also provides methods for inhibiting the proliferation or reducing a cancer

associated antigen as described herein-expressing cell population, the methods comprising contacting a

population of cells comprising a cancer associated antigen as described herein-expressing cell with a

CAR-expressing T cell or NK cell of the invention that binds to the a cancer associate antigen as

described herein-expressing cell. In a specific aspect, the present invention provides methods for

inhibiting the proliferation or reducing the population of cancer cells expressing a cancer associated

antigen as described herein, the methods comprising contacting a cancer associate antigen as described

herein-expressing cancer cell population with a CAR-expressing T cell or NK cell of the invention that

binds to a cancer associated antigen as described herein-expressing cell. In one aspect, the present

invention provides methods for inhibiting the proliferation or reducing the population of cancer cells

expressing a cancer associated antigen as described herein, the methods comprising contacting a cancer

associated antigen as described herein-expressing cancer cell population with a CAR-expressing T cell or

NK cell of the invention that binds to a cancer associated antigen as described herein-expressing cell. In

certain aspects, a CAR-expressing T cell or NK cell of the invention reduces the quantity, number,

amount or percentage of cells and/or cancer cells by at least 25%, at least 30%, at least 40%, at least

50%, at least 65%, at least 75%, at least 85%, at least 95%, or at least 99% in a subject with or animal

model for myeloid leukemia or another cancer associated with a cancer associated antigen as described

herein-expressing cells relative to a negative control . In one aspect, the subject is a human.

The present invention also provides methods for preventing, treating and/or managing a disease

associated with a cancer associated antigen as described herein-expressing cells (e.g., a hematologic

cancer or atypical cancer expessing a cancer associated antigen as described herein), the methods

comprising administering to a subject in need a CAR T cell or NK cell of the invention that binds to a

cancer associated antigen as described herein-expressing cell. In one aspect, the subject is a human.

Non-limiting examples of disorders associated with a cancer associated antigen as described herein-

expressing cells include autoimmune disorders (such as lupus), inflammatory disorders (such as allergies

and asthma) and cancers (such as hematological cancers or atypical cancers expessing a cancer

associated antigen as described herein).

The present invention also provides methods for preventing, treating and/or managing a disease

associated with a cancer associated antigen as described herein-expressing cells, the methods



comprising administering to a subject in need a CAR T cell or NK cell of the invention that binds to a

cancer associated antigen as described herein-expressing cell. In one aspect, the subject is a human.

The present invention provides methods for preventing relapse of cancer associated with a

cancer associated antigen as described herein-expressing cells, the methods comprising administering to

a subject in need thereof aCAR T cell or NK cell of the invention that binds to a cancer associated antigen

as described herein-expressing cell. In one aspect, the methods comprise administering to the subject in

need thereof an effective amount of a CAR-expressingT cell or NK cell described herein that binds to a

cancer associated antigen as described herein-expressing cell in combination with an effective amount of

another therapy.

Pharmaceutical compositions and treatments

Pharmaceutical compositions of the present invention may comprise a CAR-expressing cell, e.g. ,

a plurality of CAR-expressing cells, 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 in one aspect formulated for

intravenous administration.

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.

In one embodiment, the pharmaceutical composition is substantially free of, e.g. , there are no

detectable levels of a contaminant, e.g. , selected from the group consisting of endotoxin , mycoplasma,

replication competent lentivirus (RCL), p24, VSV-G nucleic acid, HIV gag, residual anti-CD3/anti-CD28

coated beads, mouse antibodies, pooled human serum, bovine serum albumin, bovine serum , culture

media components, vector packaging cell or plasmid components, a bacterium and a fungus. In one

embodiment, the bacterium is at least one selected from the group consisting of Alcaligenes faecalis,

Candida albicans, Escherichia coli , Haemophilus influenza, Neisseria meningitides, Pseudomonas

aeruginosa, Staphylococcus aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A .

When "an immunologically effective amount," "an anti-tumor effective amount," "a tumor-inhibiting

effective amount," or "therapeutic amount" is indicated, the precise amount of the compositions of the

present invention to be administered can be determined by a physician with consideration of individual

differences in age, weight, tumor size, extent of infection or metastasis, and condition of the patient

(subject). It can generally be stated that a pharmaceutical composition comprising the immune effector

cells (e.g. , T cells, NK cells) described herein may be administered at a dosage of 104 to 109 cells/kg

body weight, in some instances 105 to 106 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. 3 19:1 676, 1988).



In certain aspects, it may be desired to administer activated immune effector cells (e.g. , T cells,

NK cells) to a subject and then subsequently redraw blood (or have an apheresis performed), activate

immune effector cells (e.g. , T cells, NK cells) therefrom according to the present invention, and reinfuse

the patient with these activated and expanded immune effector cells (e.g., T cells, NK cells). This process

can be carried out multiple times every few weeks. In certain aspects, immune effector cells (e.g., T cells,

NK cells) can be activated from blood draws of from 10cc to 400cc. In certain aspects, immune effector

cells (e.g. , T cells, NK cells) are activated from blood draws of 20cc, 30cc, 40cc, 50cc, 60cc, 70cc, 80cc,

90cc, or 100CC.

The administration of the subject compositions may be carried out in any convenient manner,

including by aerosol inhalation, injection, ingestion, transfusion, implantation or transplantation. The

compositions described herein may be administered to a patient trans arterially, subcutaneously,

intradermally, intratumorally, intranodally, intramedullary, intramuscularly, by intravenous (i.v.) injection, or

intraperitoneally. In one aspect, the T cell compositions of the present invention are administered to a

patient by intradermal or subcutaneous injection. In one aspect, the T cell compositions of the present

invention are administered by i.v. injection. The compositions of immune effector cells (e.g., T cells, NK

cells) may be injected directly into a tumor, lymph node, or site of infection.

In a particular exemplary aspect, subjects may undergo leukapheresis, wherein leukocytes are

collected, enriched, or depleted ex vivo to select and/or isolate the cells of interest, e.g. , T cells. These T

cell isolates may be expanded by methods known in the art and treated such that one or more CAR

constructs of the invention may be introduced, thereby creating a CAR T cell of the invention. Subjects in

need thereof may subsequently undergo standard treatment with high dose chemotherapy followed by

peripheral blood stem cell transplantation. In certain aspects, following or concurrent with the transplant,

subjects receive an infusion of the expanded CAR T cells of the present invention. In an additional

aspect, 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).

In one embodiment, the CAR is introduced into immune effector cells (e.g. , T cells, NK cells),

e.g., using in vitro transcription, and the subject (e.g., human) receives an initial administration of CAR

immune effector cells (e.g. , T cells, NK cells) of the invention, and one or more subsequent

administrations of the CAR immune effector cells (e.g. , T cells, NK cells) of the invention, wherein the one

or more subsequent administrations are administered less than 15 days, e.g. , 14 , 13 , 12 , 11, 10 , 9 , 8 , 7 ,

6 , 5 , 4 , 3 , or 2 days after the previous administration . In one embodiment, more than one administration

of the CAR immune effector cells (e.g. , T cells, NK cells) of the invention are administered to the subject

(e.g. , human) per week, e.g. , 2 , 3 , or 4 administrations of the CAR immune effector cells (e.g. , T cells, NK

cells) of the invention are administered per week. In one embodiment, the subject (e.g. , human subject)

receives more than one administration of the CAR immune effector cells (e.g. , T cells, NK cells) per week

(e.g. , 2 , 3 or 4 administrations per week) (also referred to herein as a cycle), followed by a week of no



CAR immune effector cells (e.g. , T cells, NK cells) administrations, and then one or more additional

administration of the CAR immune effector cells (e.g., T cells, NK cells) (e.g. , more than one

administration of the CAR immune effector cells (e.g., T cells, NK cells) per week) is administered to the

subject. In another embodiment, the subject (e.g . , human subject) receives more than one cycle of CAR

immune effector cells (e.g. , T cells, NK cells), and the time between each cycle is less than 10 , 9 , 8 , 7 , 6 ,

5 , 4 , or 3 days. In one embodiment, the CAR immune effector cells (e.g. , T cells, NK cells) are

administered every other day for 3 administrations per week. In one embodiment, the CAR immune

effector cells (e.g., T cells, NK cells) of the invention are administered for at least two, three, four, five, six,

seven , eight or more weeks.

In one aspect, CAR-expressing cells of the present inventions are generated using lentiviral viral

vectors, such as lentivirus. Cells, e.g., CARTs, generated that way will have stable CAR expression.

In one aspect, CAR-expressing cells, e.g. , CARTs, are generated using a viral vector such as a

gammaretroviral vector, e.g. , a gammaretroviral vector described herein. CARTs generated using these

vectors can have stable CAR expression .

In one aspect, CARTs transiently express CAR vectors for 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11, 12 , 13 , 14 , 15

days after transduction. Transient expression of CARs can be effected by RNA CAR vector delivery. In

one aspect, the CAR RNA is transduced into the T cell by electroporation.

A potential issue that can arise in patients being treated using transiently expressing CAR

immune effector cells (e.g. , T cells, NK cells) (particularly with murine scFv bearing CARTs) is

anaphylaxis after multiple treatments.

Without being bound by this theory, it is believed that such an anaphylactic response might be

caused by a patient developing humoral anti-CAR response, i.e. , anti-CAR antibodies having an anti-lgE

isotype. It is thought that a patient's antibody producing cells undergo a class switch from IgG isotype

(that does not cause anaphylaxis) to IgE isotype when there is a ten to fourteen day break in exposure to

antigen.

If a patient is at high risk of generating an anti-CAR antibody response during the course of

transient CAR therapy (such as those generated by RNA transductions), CART infusion breaks should

not last more than ten to fourteen days.

Methods of making CAR-expressing cells

In another aspect, the invention pertains to a method of making a cell (e.g., an immune effector

cell or population thereof) comprising introducing into (e.g. , transducing) a cell, e.g. , a T cell or a NK cell

described herein, with a vector of comprising a nucleic acid encoding a CAR, e.g. , a CAR described

herein ; or a nucleic acid encoding a CAR molecule e.g . , a CAR described herein.

The cell in the methods is an immune effector cell (e.g. , aT cell or a NK cell, or a combination

thereof). In some embodiments, the cell in the methods is diaglycerol kinase (DGK) and/or Ikaros

deficient.

In some embodiment, the introducing the nucleic acid molecule encoding a CAR comprises

transducing a vector comprising the nucleic acid molecule encoding a CAR, or transfecting the nucleic

acid molecule encoding a CAR, wherein the nucleic acid molecule is an in vitro transcribed RNA.

In some embodiments, the method further comprises:



a . providing a population of immune effector cells (e.g. , T cells or NK cells) ; and

b. removing T regulatory cells from the population, thereby providing a population of T regulatory-

depleted cells;

wherein steps a) and b) are performed prior to introducing the nucleic acid encoding the CAR to the

population.

In embodiments of the methods, the T regulatory cells comprise CD25+ T cells, and are removed

from the cell population using an anti-CD25 antibody, or fragment thereof. The anti-CD25 antibody, or

fragment thereof, can be conjugated to a substrate, e.g. , a bead.

In other embodiments, the population of T regulatory-depleted cells provided from step (b)

contains less than 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1% of CD25+ cells.

In yet other embodiments, the method further comprises removing cells from the population

which express a tumor antigen that does not comprise CD25 to provide a population of T regulatory-

depleted and tumor antigen depleted cells prior to introducing the nucleic acid encoding a CAR to the

population. The tumor antigen can be selected from CD1 9 , CD30, CD38, CD1 23, CD20, CD1 4 or

CD1 1b, or a combination thereof.

In other embodiments, the method further comprises removing cells from the population which

express a checkpoint inhibitor, to provide a population of T regulatory-depleted and inhibitory molecule

depleted cells prior to introducing the nucleic acid encoding a CAR to the population. The checkpoint

inhibitor can be chosen from PD-1 , LAG-3, TIM3, B7-H1 , CD1 60, P 1H , 2B4, CEACAM (e.g., CEACAM-1 ,

CEACAM-3, and/or CEACAM-5), TIG IT, CTLA-4, BTLA, and LAIR1 .

Further embodiments disclosed herein encompass providing a population of immune effector

cells. The population of immune effector cells provided can be selected based upon the expression of one

or more of CD3, CD28, CD4, CD8, CD45RA, and/or CD45RO. In certain embodiments, the population of

immune effector cells provided are CD3+ and/or CD28+.

In certain embodiments of the method, the method further comprises expanding the population of

cells after the nucleic acid molecule encoding a CAR has been introduced.

In embodiments, the population of cells is expanded for a period of 8 days or less.

In certain embodiments, the population of cells is expanded in culture for 5 days, and the

resulting cells are more potent than the same cells expanded in culture for 9 days under the same culture

conditions.

In other embodiments, the population of cells is expanded in culture for 5 days show at least a

one, two, three or four fold increase in cell doublings upon antigen stimulation as compared to the same

cells expanded in culture for 9 days under the same culture conditions.

In yet other embodiments, the population of cells is expanded in culture for 5 days, and the

resulting cells exhibit higher proinflammatory IFN-γ and/or GM-CSF levels, as compared to the same cells

expanded in culture for 9 days under the same culture conditions.

In other embodiments, the population of cells is expanded by culturing the cells in the presence of

an agent that stimulates a CD3/TCR complex associated signal and/or a ligand that stimulates a

costimulatory molecule on the surface of the cells. The agent can be a bead conjugated with anti-CD3

antibody, or a fragment thereof, and/or anti-CD28 antibody, or a fragment thereof.



In other embodiments, the population of cells is expanded in an appropriate media that includes

one or more interleukin that result in at least a 200-fold , 250-fold, 300-fold, or 350-fold increase in cells

over a 14 day expansion period, as measured by flow cytometry.

In other embodiments, the population of cells is expanded in the presence IL-1 5 and/or IL-7.

In certain embodiments, the method further includes cryopresercing he population of the cells

after the appropriate expansion period.

In yet other embodiments, the method of making discosed herein further comprises contacting

the population of immune effector cells with a nucleic acid encoding a telomerase subunit, e.g. , hTERT.

The the nucleic acid encoding the telomerase subunit can be DNA.

The present invention also provides a method of generating a population of RNA-engineered

cells, e.g., cells described herein, e.g . , immune effector cells (e.g. , T cells, NK cells), transiently

expressing exogenous RNA. The method comprises introducing an in vitro transcribed RNA or synthetic

RNA into a cell, where the RNA comprises a nucleic acid encoding a CAR molecule described herein.

In another aspect, the invention pertains to a method of providing an anti-tumor immunity in a

subject comprising administering to the subject an effective amount of a cell comprising a CAR molecule,

e.g. , a cell expressing a CAR molecule described herein. In one embodiment, the cell is an autologous T

cell or NK cell. In one embodiment, the cell is an allogeneic T cell or NK cell. In one embodiment, the

subject is a human.

In one aspect, the invention includes a population of autologous cells that are transfected or

transduced with a vector comprising a nucleic acid molecule encoding a CAR molecule, e.g . , as

described herein. In one embodiment, the vector is a retroviral vector. In one embodiment, the vector is a

self-inactivating lentiviral vector as described elsewhere herein. In one embodiment, the vector is

delivered (e.g., by transfecting or electroporating) to a cell, e.g. , a T cell or a NK cell , wherein the vector

comprises a nucleic acid molecule encoding a CAR of the present invention as described herein , which is

transcribed as an mRNA molecule, and the CARs of the present invention is translated from the RNA

molecule and expressed on the surface of the cell.

In another aspect, the present invention provides a population of CAR-expressing cells, e.g.,

CAR-expressing immune effector cells (e.g. , T cells or NK cells). In some embodiments, the population

of CAR-expressing cells comprises a mixture of cells expressing different CARs. For example, in one

embodiment, the population of CAR-expressing immune effector cells (e.g . , T cells or NK cells) can

include a first cell expressing a CAR having an antigen binding domain that binds to a first tumor antigen

as described herein, and a second cell expressing a CAR having a different antigen binding domain that

binds to a second tumor antigen as described herein . As another example, the population of CAR-

expressing cells can include a first cell expressing a CAR that includes an antigen binding domain that

binds to a tumor antigen as described herein, and a second cell expressing a CAR that includes an

antigen binding domain to a target other than a tumor antigen as described herein. In one embodiment,

the population of CAR-expressing cells includes, e.g. , a first cell expressing a CAR that includes a

primary intracellular signaling domain, and a second cell expressing a CAR that includes a secondary

signaling domain, e.g. , a costimulatory signaling domain.

In another aspect, the present invention provides a population of cells wherein at least one cell in

the population expresses a CAR having an antigen binding domain that binds to a tumor antigen as



described herein, and a second cell expressing another agent, e.g., an agent which enhances the activity

of a CAR-expressing cell. For example, in one embodiment, the agent can be an agent which inhibits an

inhibitory molecule. Examples of inhibitory molecules include PD-1 , PD-L1 , CTLA-4, TIM-3, CEACAM

(e.g. , CEACAM-1 , CEACAM-3 and/or CEACAM-5), LAG-3, VISTA, BTLA, TIG IT, LAI R 1 , CD1 60, 2B4 and

TGFR beta. In one embodiment, the agent which inhibits an inhibitory molecule, e.g. , is a molecule

described herein, e.g. , an agent that comprises a first polypeptide, e.g. , an inhibitory molecule, associated

with a second polypeptide that provides a positive signal to the cell, e.g., an intracellular signaling domain

described herein. In one embodiment, the agent comprises a first polypeptide, e.g., of an inhibitory

molecule such as PD-1 , LAG-3, CTLA-4, CD1 60, BTLA, LAI R 1 , TIM-3, CEACAM (e.g., CEACAM-1 ,

CEACAM-3 and/or CEACAM-5), 2B4 and TIG IT, or a fragment of any of these, and a second polypeptide

which is an intracellular signaling domain described herein (e.g. , comprising a costimulatory domain (e.g . ,

4 1BB, CD27 or CD28, e.g., as described herein) and/or a primary signaling domain (e.g. , a CD3 zeta

signaling domain described herein). In one embodiment, the agent comprises a first polypeptide of PD-1

or a fragment thereof, and a second polypeptide of an intracellular signaling domain described herein

(e.g. , a CD28, CD27, OX40 or 4-IBB signaling domain described herein and/or a CD3 zeta signaling

domain described herein).

In one embodiment, the nucleic acid molecule encoding a CAR of the present invention molecule,

e.g. , as described herein, is expressed as an mRNA molecule. In one embodiment, the genetically

modified CAR of the present invention-expressing cells, e.g. , immune effector cells (e.g. , T cells, NK

cells), can be generated by transfecting or electroporating an RNA molecule encoding the desired CARs

(e.g. , without a vector sequence) into the cell. In one embodiment, a CAR of the present invention

molecule is translated from the RNA molecule once it is incorporated and expressed on the surface of the

recombinant 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., a 5' 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. 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.

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 huCD1 9
1 EF-1 CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATC 100

promoter GCCCACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAAT
TGAACCGGTGCCTAGAGAAGGTGGCGCGGGGTAAACTGGG



AAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGT
GGGGGAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGT
TCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGTG
CCGTGTGTGGTTCCCGCGGGCCTGGCCTC 111ACGGGTTAT
GGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTA
CGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGG
AGAGTTCGAGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGT
GCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGCCGCCGCG
TGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGC I C
GATAAGTCTCTAGCCATTTAAAATTTTTGATGACCTGCTGCG
ACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAA
GATCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGG
CGACGGGGCCCGTGCGTCCCAGCGCACATGTTCGGCGAGG
CGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGG
TAGTCTCAAGCTGGCCGGCCTGCTCTGGTGCCTGGCCTCGC
GCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGGCTGGCC
CGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTC
CCGGCCCTGCTGCAGGGAGCTCAAAATGGAGGACGCGGCG
CTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAA
AGGGCC 111CCGTCCTCAGCCGTCGCTTCATGTGACTCCAC
GGAGTACCGGGCGCCGTCCAGGCACCTCGATTAGTTCTCGA
GCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTT
TATGCGATGGAG 111CCCCACACTGAGTGGGTGGAGACTGA
AGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAATT
TGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCA
GACAGTGGTTCAAAGTTTTTTTCTTCCATTTCAGGTGTCGTG
A

Leader (aa) MALPVTALLLPLALLLHAARP 13
Leader (na) ATGGCCCTGCCTGTGACAGCCCTGCTGCTGCCTCTGGCTCT 54

GCTGCTGCATGCCGCTAGACCC
CD 8 hinge TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA 14
(aa) CD
CD8 hinge ACCACGACGCCAGCGCCGCGACCACCAACACCGGCGCCCA 55
(na) CCATCGCGTCGCAGCCCCTGTCCCTGCGCCCAGAGGCGTG

CCGGCCAGCGGCGGGGGGCGCAGTGCACACGAGGGGGCT
GGACTTCGCCTGTGAT

Ig4 hinge ESKYG PPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCV 102
(aa) VVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVS

VLTVLHQDWLNGKEYKCKVSNKGLPSSI EKTISKAKGQPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEAL
HNHYTQKSLSLSLGKM

Ig4 hinge GAGAGCAAGTACGGCCCTCCCTGCCCCCCTTGCCCTGCCC 103
(na) CCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCC

AAGCCCAAGGACACCCTGATGATCAGCCGGACCCCCGAGG
TGACCTGTGTGGTGGTGGACGTGTCCCAGGAGGACCCCGA
GGTCCAGTTCAACTGGTACGTGGACGGCGTGGAGGTGCAC
AACGCCAAGACCAAGCCCCGGGAGGAGCAGTTCAATAGCA
CCTACCGGGTGGTGTCCGTGCTGACCGTGCTGCACCAGGA
CTGGCTGAACGGCAAGGAATACAAGTGTAAGGTGTCCAACA
AGGGCCTGCCCAGCAGCATCGAGAAAACCATCAGCAAGGC
CAAGGGCCAGCCTCGGGAGCCCCAGGTGTACACCCTGCCC
CCTAGCCAAGAGGAGATGACCAAGAACCAGGTGTCCCTGAC
CTGCCTGGTGAAGGGCTTCTACCCCAGCGACATCGCCGTG
GAGTGGGAGAGCAACGGCCAGCCCGAGAACAACTACAAGA
CCACCCCCCCTGTGCTGGACAGCGACGGCAGCTTCTTCCTG
TACAGCCGGCTGACCGTGGACAAGAGCCGGTGGCAGGAGG
GCAACGTC 111AGCTGCTCCGTGATGCACGAGGCCCTGCAC
AACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAA
GATG

IgD hinge RWPESPKAQASSVPTAQPQAEGSLAKATTAPATTRNTGRGGE 47



(aa) EKKKEKEKEEQEERETKTPECPSHTQPLGVYLLTPAVQDLWLR
DKATFTCFVVGSDLKDAHLTWEVAGKVPTGGVEEGLLERHSN
GSQSQHSRLTLPRSLWNAGTSVTCTLNHPSLPPQRLMALREP
AAQAPVKLSLNLLASSDPPEAASWLLCEVSG FSPPNILLMWLE
DQREVNTSG FAPARPPPQPGSTTFWAWSVLRVPAPPSPQPAT
YTCVVSHEDSRTLLNASRSLEVSYVTDH

IgD hinge AGGTGGCCCGAAAGTCCCAAGGCCCAGGCATCTAGTGTTCC 48
(na) TACTGCACAGCCCCAGGCAGAAGGCAGCCTAGCCAAAGCTA

CTACTGCACCTGCCACTACGCGCAATACTGGCCGTGGCGG
GGAGGAGAAGAAAAAGGAGAAAGAGAAAGAAGAACAGGAA
GAGAGGGAGACCAAGACCCCTGAATGTCCATCCCATACCCA
GCCGCTGGGCGTCTATCTCTTGACTCCCGCAGTACAGGACT
TGTGGCTTAGAGATAAGGCCACCTTTACATGTTTCGTCGTGG
GCTCTGACCTGAAGGATGCCCA I I IGACTTGGGAGGTTGCC
GGAAAGGTACCCACAGGGGGGGTTGAGGAAGGGTTGCTGG
AGCGCCATTCCAATGGCTCTCAGAGCCAGCACTCAAGACTC
ACCCTTCCGAGATCCCTGTGGAACGCCGGGACCTCTGTCAC
ATGTACTCTAAATCATCCTAGCCTGCCCCCACAGCGTCTGAT
GGCCCTTAGAGAGCCAGCCGCCCAGGCACCAGTTAAGCTTA
GCCTGAATCTGCTCGCCAGTAGTGATCCCCCAGAGGCCGCC
AGCTGGCTCTTATGCGAAGTGTCCGGC I I IAGCCCGCCCAA
CATCTTGCTCATGTGGCTGGAGGACCAGCGAGAAGTGAACA
CCAGCGGCTTCGCTCCAGCCCGGCCCCCACCCCAGCCGGG
TTCTACCACATTCTGGGCCTGGAGTGTCTTAAGGGTCCCAG
CACCACCTAGCCCCCAGCCAGCCACATACACCTGTGTTGTG
TCCCATGAAGATAGCAGGACCCTGCTAAATGCTTCTAGGAG
TCTGGAGG I I ICCTACGTGACTGACCATT

GS GGGGSGGGGS 49
hinge/linker
(aa)
GS GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC 50
hinge/linker
(na)
CD8TM (aa) IYIWAPLAGTCGVLLLSLVITLYC 15
CD8 TM ATCTACATCTGGGCGCCCTTGGCCGGGACTTGTGGGGTCCT 56
(na) TCTCCTGTCACTGGTTATCACCC I I IACTGC
4-1 BB KRG RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 16
intracellular
domain (aa)
4-1 BB AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCA 60
intracellular I I IATGAGACCAGTACAAACTACTCAAGAGGAAGATGGCTGT
domain (na) AGCTGCCGA I I ICCAGAAGAAGAAGAAGGAGGATGTGAACT

G
CD27 (aa) QRRKYRSNKG ESPVEPAEPCRYSCPREEEGSTIPIQEDYRKPE 5 1

PACSP
CD27 (na) AGGAGTAAGAGGAGCAGGCTCCTGCACAGTGACTACATGAA 52

CATGACTCCCCGCCGCCCCGGGCCCACCCGCAAGCATTAC
CAGCCCTATGCCCCACCACGCGACTTCGCAGCCTATCGCTC
C

CD3-zeta RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD 17
(aa) PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG

KGHDGLYQGLSTATKDTYDALHMQALPPR
CD3-zeta AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACA 10 1

(na) AGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGGA
CGAAGAGAGGAGTACGATG I I I IGGACAAGAGACGTGGCCG
GGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCT
CAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGC
GGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGG
AGGGGCAAGGGGCACGATGGCC I I IACCAGGGTCTCAGTA
CAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCC
CTGCCCCCTCGC



CD3-zeta RVKFSRSADAPAYQQGQNQLYN ELNLGRREEYDVLDKRRGRD 43
(aa) PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRG

KGHDGLYQGLSTATKDTYDALHMQALPPR
CD3-zeta AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACC 44
(na) AGCAGGGCCAGAACC AGCTCTATAACG AGCTCAATCTAG GA

CGAAGAGAGGAGTACGATG I I I I GGACAAGAGACGTGGCCG
GGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACCCT
CAGGAAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGC
GGAGGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGG
AGGGGCAAGGGGCACGATGGCC I I IACCAGGGTCTCAGTA
CAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCC
CTGCCCCCTCGC

linker GGGGS 18
linker GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC 50
PD-1 pgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfvlnwyrmspsnqtdklaaf
extracellular pedrsqpgqdcrfrvtqlpngrdfhmsvvrarrndsgtylcgaislapkaqikeslraelrvt
domain (aa) erraevptahpspsprpagqfqtlv
PD-1 cccggatggtttctggactctccggatcgcccgtggaatcccccaaccttctcaccggcac
extracellular tcttggttgtgactgagggcgataatgcgaccttcacgtgctcgttctccaacacctccgaat
domain (na) cattcgtgctgaactggtaccgcatgagcccgtcaaaccagaccgacaagctcgccgc

gtttccggaagatcggtcgcaaccgggacaggattgtcggttccgcgtgactcaactgcc
gaatggcagagacttccacatgagcgtggtccgcgctaggcgaaacgactccgggac
ctacctgtgcggagccatctcgctggcgcctaaggcccaaatcaaagagagcttgagg
gccgaactgagagtgaccgagcgcagagctgaggtgccaactgcacatccatccccat
cgcctcggcctgcggggcagtttcagaccctggtc

PD-1 CAR malpvtalllplalllhaarppgwfldspdrpwnpptfspallvvtegdnatftcsfsntsesfv
(aa) with Inwyrmspsnqtdklaafpedrsqpgqdcrfrvtqlpngrdfhmsvvrarrndsgtylcg
signal aislapkaqikeslraelrvterraevptahpspsprpagqfqtlvtttpaprpptpaptiasq

plslrpeacrpaaggavhtrgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfm
rpvqttqeedgcscrfpeeeeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvl
dkrrgrdpemggkprrknpqeglynelqkdkmaeayseigmkgerrrgkghdglyqgl
statkdtydalhmqalppr

PD-1 CAR atggccctccctgtcactgccctgcttctccccctcgcactcctgctccacgccgctagacc
(na) acccggatggtttctggactctccggatcgcccgtggaatcccccaaccttctcaccggca

ctcttggttgtgactgagggcgataatgcgaccttcacgtgctcgttctccaacacctccga
atcattcgtgctgaactggtaccgcatgagcccgtcaaaccagaccgacaagctcgccg
cgtttccggaagatcggtcgcaaccgggacaggattgtcggttccgcgtgactcaactgc
cgaatggcagagacttccacatgagcgtggtccgcgctaggcgaaacgactccggga
cctacctgtgcggagccatctcgctggcgcctaaggcccaaatcaaagagagcttgagg
gccgaactgagagtgaccgagcgcagagctgaggtgccaactgcacatccatccccat
cgcctcggcctgcggggcagtttcagaccctggtcacgaccactccggcgccgcgccc
accgactccggccccaactatcgcgagccagcccctgtcgctgaggccggaagcatgc
cgccctgccgccggaggtgctgtgcatacccggggattggacttcgcatgcgacatctac
atttgggctcctctcgccggaacttgtggcgtgctccttctgtccctggtcatcaccctgtactg
caagcggggtcggaaaaagcttctgtacattttcaagcagcccttcatgaggcccgtgca
aaccacccaggaggaggacggttgctcctgccggttccccgaagaggaagaaggag
gttgcgagctgcgcgtgaagttctcccggagcgccgacgcccccgcctataagcaggg
ccagaaccagctgtacaacgaactgaacctgggacggcgggaagagtacgatgtgct
ggacaagcggcgcggccgggaccccgaaatgggcgggaagcctagaagaaagaa
ccctcaggaaggcctgtataacgagctgcagaaggacaagatggccgaggcctactc
cgaaattgggatgaagggagagcggcggaggggaaaggggcacgacggcctgtac
caaggactgtccaccgccaccaaggacacatacgatgccctgcacatgcaggcccttc
cccctcgc

linker (Gly-Gly-Gly-Ser)n, where n = 1- 10 105
linker (Gly4 Ser)4 106
linker (Gly4 Ser)3 107
linker (Gly3Ser) 108
PD1 CAR pqwfldspdrpwnpptfspallvvteqdnatftcsfsntsesfvlnwvrmspsnqtdklaaf
(aa) pedrsqpqqdcrfrvtqlpnqrdfhmsvvrarrndsqtvlcqaislapkaqikeslraelrvt

erraevptahpspsprpaqqfqtlvtttpaprpptpaptiasqplslrpeacrpaaqqavht
rgldfacdiyiwaplagtcgvlllslvitlyckrgrkkllyifkqpfmrpvqttqeedgcscrfpee



eeggcelrvkfsrsadapaykqgqnqlynelnlgrreeydvldkrrgrdpemggkprrkn
pqeglynelqkdkmaeayseigmkgerrrgkghdglyqglstatkdtydalhmqalppr

CD1 9 CAR MALPVTALLLPLALLLHAARPDIQMTQTTSSLSASLG DRVTISCR
(aa) murine ASQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGS

GTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITGGGG
SGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPD
YGVSWI RQPPRKGLEWLGVIWGSETTYYNSALKSRLTI IKDNSK
SQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVT
VSS I I I PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYI FKQPFM
RPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QNQLYN ELNLG RREEYDVLDKRRGRDPEMGGKPRRKN PQEG
LYNELQKDKMAEAYSEIGMKG ERRRGKGH DGLYQGLSTATKD
TYDALHMQALPPR

CD1 9 CAR atggccttaccagtgaccgccttgctcctgccgctggccttgctgctccacgccgccaggc
(na) murine cggacatccagatgacacagactacatcctccctgtctgcctctctgggagacagagtca

ccatcagttgcagggcaagtcaggacattagtaaatatttaaattggtatcagcagaaac
cagatggaactg ttaaactcctgatctaccatacatcaag attacactcaggagtcccatc
aaggttcagtggcagtgggtctggaacagattattctctcaccattagcaacctggagcaa
gaagatattgccacttacttttgccaacagggtaatacgcttccgtacacgttcggagggg
ggaccaagctggagatcacaggtggcggtggctcgggcggtggtgggtcgggtggcg
gcggatctgaggtgaaactgcaggagtcaggacctggcctggtggcgccctcacagag
cctgtccgtcacatgcactgtctcaggggtctcattacccgactatggtgtaagctggattcg
ccagcctccacgaaagggtctggagtggctgggagtaatatggggtagtgaaaccaca
tactataattcagctctcaaatccagactgaccatcatcaaggacaactccaagagccaa
gttttcttaaaaatgaacagtctgcaaactgatgacacagccatttactactgtgccaaaca
ttattactacggtggtagctatgctatggactactggggccaaggaacctcagtcaccgtct
cctcaaccacgacgccagcgccgcgaccaccaacaccggcgcccaccatcgcgtcg
cagcccctgtccctgcgcccagaggcgtgccggccagcggcggggggcgcagtgcac
acgagggggctggacttcgcctgtgatatctacatctgggcgcccttggccgggacttgtg
gggtccttctcctgtcactggttatcaccctttactgcaaacggggcagaaagaaactcctg
tatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgt
agctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaagttcagca
ggagcgcagacgcccccgcgtacaagcagggccagaaccagctctataacgagctc
aatctaggacgaagagaggagtacgatgttttggacaagagacgtggccgggaccctg
agatggggggaaagccgagaaggaagaaccctcaggaaggcctgtacaatg aactg
cagaaagataagatggcggaggcctacagtgagattgggatgaaaggcgagcgccg
gaggggcaaggggcacgatggcctttaccagggtctcagtacagccaccaaggacac
ctacgacgcccttcacatgcaggccctgccccctcgct

CD1 9 CAR MALPVTALLLPLALLLHAARPEIVMTQSPATLSLSPG ERATLSCR
(aa) human ASQDISKYLNWYQQKPGQAPRLLIYHTSRLHSG IPARFSGSGS

GTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKLEIKGGG
GSGGGGSGGGGSQVQLQESG PGLVKPSETLSLTCTVSGVSLP
DYGVSWIRQPPGKGLEWIGVIWGSETTYYQSSLKSRVTISKDN
SKNQVSLKLSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTL
VTVSS I I I PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPF
MRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQ
GQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKN PQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDG LYQGLSTATK
DTYDALHMQALPPR

CD1 9 CAR atggccctccctgtcaccgccctgctgcttccgctggctcttctgctccacgccgctcggcc
(na) human cgaaattgtgatgacccagtcacccgccactcttagcctttcacccggtgagcgcgcaac

cctgtcttgcagagcctcccaagacatctcaaaataccttaattggtatcaacagaagccc
ggacaggctcctcgccttctgatctaccacaccagccggctccattctggaatccctgcca
ggttcagcggtagcggatctgggaccgactacaccctcactatcagctcactgcagcca
gaggacttcgctgtctatttctgtcagcaagggaacaccctgccctacacctttggacagg
gcaccaagctcgagattaaaggtggaggtggcagcggaggaggtgggtccggcggtg
gaggaagccaggtccaactccaagaaagcggaccgggtcttgtgaagccatcagaaa
ctctttcactgacttgtactgtgagcggagtgtctctccccgattacggggtgtcttggatcag
acagccaccggggaagggtctggaatggattggagtgatttggggctctgagactactta



ctaccaatcatccctcaagtcacgcgtcaccatctcaaaggacaactctaagaatcaggt
gtcactgaaactgtcatctgtgaccgcagccgacaccgccgtgtactattgcgctaagcat
tactattatggcgggagctacgcaatggattactggggacagggtactctggtcaccgtgt
ccagcaccactaccccagcaccgaggccacccaccccggctcctaccatcgcctccca
gcctctgtccctgcgtccggaggcatgtagacccgcagctggtggggccgtgcataccc
ggggtcttgacttcgcctgcgatatctacatttgggcccctctggctggtacttgcggggtcct
gctgctttcactcgtgatcactctttactgtaagcgcggtcggaagaagctgctgtacatcttt
aagcaacccttcatgaggcctgtgcagactactcaagaggaggacggctgttcatgccg
gttcccagaggaggaggaaggcggctgcgaactgcgcgtgaaattcagccgcagcgc
agatgctccagcctacaagcaggggcagaaccagctctacaacgaactcaatcttggtc
ggagagaggagtacgacgtgctggacaagcggagaggacgggacccagaaatggg
cgggaagccgcgcagaaagaatccccaagagggcctgtacaacgagctccaaaag
gataagatggcagaagcctatagcgagattggtatgaaaggggaacgcagaagagg
caaaggccacgacggactgtaccagggactcagcaccgccaccaaggacacctatg
acgctcttcacatgcaggccctgccgcctcgg

Table 2. Antigen Binding domains that bind B cell antigens



TCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYQSSLKSRVTIS
KDNSKNQVSLKLSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTV
SS

CD1 9 huscF QVQLQESGPGLVKPSETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIG
v7 VIWGSETTYYSSSLKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHY

YYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVMT 43
QSPATLSLSPGERATLSCRASQDISKYLNWYQQKPGQAPRLLIYHTSRL
HSGI PARFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKL
EIK

CD1 9 huscF QVQLQESGPGLVKPSETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIG
v8 VIWGSETTYYQSSLKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHY

YYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVMT 44
QSPATLSLSPGERATLSCRASQDISKYLNWYQQKPGQAPRLLIYHTSRL
HSGI PARFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKL
EIK

CD1 9 huscF EIVMTQSPATLSLSPG ERATLSCRASQDISKYLNWYQQKPGQAPRLLIYH
v9 TSRLHSG IPARFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQ

GTKLEIKGGGGSGGGGSGGGGSGGGGSQVQLQESGPGLVKPSETLSL 45
TCTVSGVSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSSLKSRVTIS
KDNSKNQVSLKLSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTV
SS

CD1 9 Hu QVQLQESGPGLVKPSETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIG
scFvl VIWGSETTYYNSSLKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHY
0 YYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSGGGGSEIVMT 46

QSPATLSLSPGERATLSCRASQDISKYLNWYQQKPGQAPRLLIYHTSRL
HSGI PARFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKL
EIK

CD1 9 Hu EIVMTQSPATLSLSPG ERATLSCRASQDISKYLNWYQQKPGQAPRLLIYH
scFvl TSRLHSG IPARFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQ
1 GTKLEIKGGGGSGGGGSGGGGSQVQLQESG PGLVKPSETLSLTCTVSG 47

VSLPDYGVSWIRQPPGKGLEWIGVIWGSETTYYNSSLKSRVTISKDNSK
NQVSLKLSSVTAADTAVYYCAKHYYYGGSYAMDYWGQGTLVTVSS

CD1 9 Hu QVQLQESGPGLVKPSETLSLTCTVSGVSLPDYGVSWIRQPPGKGLEWIG
scFvl VIWGSETTYYNSSLKSRVTISKDNSKNQVSLKLSSVTAADTAVYYCAKHY
2 YYGGSYAMDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVMTQSPAT 48

LSLSPG ERATLSCRASQDISKYLNWYQQKPGQAPRLLIYHTSRLHSGI PA
RFSGSGSGTDYTLTISSLQPEDFAVYFCQQGNTLPYTFGQGTKLEIK

CD1 9 muCT DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYH
L01 9 TSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFG

GGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVS 49

GVSLPDYGVSWI RQPPRKGLEWLGVIWGSETTYYNSALKSRLTIIKDNSK
SQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSS

The following examples are intended to illustrate, rather than limit, the invention.



EXAMPLES

Example 1. Generation of the pCINS vector

The parental lentiviral transfer vector pRRL.SIN.cPPT.EF1 a .EGFP.W PRE was synthesized de

novo by DNA2.0 using sequences derived from the backbone of pRRL.SIN vector made by Dull et al. (J.

Virol. 72: 8463-8471 , 1998; incorporated herein by reference). A feature map of pCINS is set forth in Fig.

1, while a restriction map of the vector is set forth in Fig. 2 .

In generating the pCINS vector, the following modifications were made to the parental vector:

1. 5' cis elements were replaced with the corresponding natural sequence from

HIV-1 isolate NL4-3. The replaced 5' cis elements included : packaging signal (psi),

partial gag sequence adjacent to psi, Rev-response element (RRE) and the partial env

sequence surrounding it, and a central polypurine tract (cPPT) sequence from pol.

2 . The SV40 and f 1 origins of replication were removed as redundant to

decrease plasmid size.

3 . Several restriction sites were introduced between the cis elements to facilitate

DNA engineering.

4 . The INS1 inhibitory sequence in gag, which restricts nuclear export of

unspliced viral RNA (J. Virol. 7 1 (7) :4892-4903, 1997; J. Virol. 66(1 2) :71 76-71 82, 1992;

each of which is incorporated herein by reference), was mutated, thereby reducing

restriction of nuclear export of viral RNA(s) encoded by the vector.

5 . Part of the gag sequence, after nucleotide 168, which contains inhibitory

sequences INS2, INS3, and INS4 (J. Virol. 68(6) :3784-3793, 1994; incorporated herein

by reference), was removed.

6 . The RSV promoter was replaced with a CMV promoter, since both RSV and

CMV promoter can be used for SIN LV expression (Science 272(5259) :263-267, 1996; J.

Virol. 72(1 1) :8463-8471 , 1998; each of which is incorporated herein by reference).

The pCINS-EG FP sequence is set forth below and is detailed in Table 3 . EGFP

sequences can optionally be replaced with sequences of another transgene (e.g., a gene

encoding a CAR), if desired, using standard methods in the art.

pCINS-EGFP sequence (SEQ ID NO:50)

gcagactagtaagcttagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgtta

cataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataatgac

gtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaact

gcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaat

ggcccgcctggcattatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtatt

agtcatcgctattaccatgctgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactca

cggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggact

ttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtcta

tataagcagagctggtttagtgaaccggggtctctctggttagaccagatctgagcctgggagctctctg

gctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccg



tctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagt

ggcgcccgaacagggacttgaaagcgaaagtaaagccagaggagatctctcgacgcaggactcggcttgc

tgaagcgcgcacggcaagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggc

tagaaggagagagatgggtgcgagagcgtcggtattaagcgggggagaattagataaatgggaaaaaatt

cggtaataaggccagggggaaagaagaagtacaagctaaagcacatcgtatgggcaagcagggagctaga

acgattcgcagttaatcctggccttttagagacatcagaaggcggccgctgatcttcagacctggaggag

gcgatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagt

agcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagagcagtgggaatttaaataggagct

ttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcgtcaatgacgctgacggtacagg

ccagacaattattgtctgatatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagca

tctgttgcaactcacagtctggggcatcaaacagctccaggcaagaatcctggctgtggaaagataccta

aaggatcaacagctcctcctgcaggggatttggggttgctctggaaaactcatttgcaccactgctgtgc

cttggaatgctagttggagtaataaatctctggaacagatttggaataacatgacctggatggagtggga

cagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaag

aatgaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggc

tgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtact

ttctatagtgaatagagttaggcagggatattcaccattatcgtttcagacccacctcccaatcccgagg

ggacccgacaggcccgaaggaatagaagaagaaggtggagagagagacagagacagatccattcgattag

tgaacggatctcgacggtatcgattagactgtagcccaggaatatggcagctagattgtacacatttaga

aggaaaagttatcttggtagcagttcatgtagccagtggatatatagaagcagaagtaattccagcagag

acagggcaagaaacagcatacttcctcttaaaattagcaggaagatggccagtaaaaacagtacatacag

acaatggcagcaatttcaccagtactacagttaaggccgcctgttggtgggcggggatcaagcaggaatt

tggcattccctacaatccccaaagtcaaggagtaatagaatctatgaataaagaattaaagaaaattata

ggacaggtaagagatcaggctgaacatcttaagacagcagtacaaatggcagtattcatccacaatttta

aaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacataca

aactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttattacagggacagcagagat

ccagtttggctgcattgatcacgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagt

ccccgagaagttggggggaggggtcggcaattgaaccggtgcctagagaaggtggcgcggggtaaactgg

gaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccgtatataagtgcagtag

tcgccgtgaacgttctttttcgcaacgggtttgccgccagaacacaggtaagtgccgtgtgtggttcccg

cgggcctggcctctttacgggttatggcccttgcgtgccttgaattacttccacctggctgcagtacgtg

attcttgatcccgagcttcgggttggaagtgggtgggagagttcgaggccttgcgcttaaggagcccctt

cgcctcgtgcttgagttgaggcctggcctgggcgctggggccgccgcgtgcgaatctggtggcaccttcg

cgcctgtctcgctgctttcgataagtctctagccatttaaaatttttgatgacctgctgcgacgcttttt

ttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtttttggggccgcgg

gcggcgacggggcccgtgcgtcccagcgcacatgttcggcgaggcggggcctgcgagcgcggccaccgag

aatcggacgggggtagtctcaagctggccggcctgctctggtgcctggcctcgcgccgccgtgtatcgcc

ccgccctgggcggcaaggctggcccggtcggcaccagttgcgtgagcggaaagatggccgcttcccggcc



ctgctgcagggagctcaaaatggaggacgcggcgctcgggagagcgggcgggtgagtcacccacacaaag

gaaaagggcctttccgtcct cagecgtcgctt catgtgactccactgagtaccgggcgccgtccaggcac

ctcgattagttctcgagcttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagt

ttccccacactgagtgggtggagactgaagttaggccagcttggcacttgatgtaattctccttggaatt

tgccctttttgagtttggatcttggttcattctcaagcctcagacagtggttcaaagtttttttcttcca

tttcaggtgtcgtgatctagaggatccgccaccatggtgagcaagggcgaggagctgttcaccggggtgg

tgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgaggg

cgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggccc

accctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacg

acttcttcaagtccgccatgcccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaa

ctacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatc

gacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctata

tcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcag

cgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaac

cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctgg

agttcgtgaccgccgccgggatcactctcggcatggacgagctgtacaagtaagtcgacaatcaacctct

ggattacaaaatttgtgaaagattgactggtattcttaactatgttgctccttttacgctatgtggatac

gctgctttaatgcctttgtatcatgctattgcttcccgtatggctttcattttctcctccttgtataaat

cctggttgctgtctctttatgaggagttgtggcccgttgtcaggcaacgtggcgtggtgtgcactgtgtt

tgctgacgcaacccccactggttggggcattgccaccacctgtcagctcctttccgggactttcgctttc

cccctccctattgccacggcggaactcatcgccgcctgccttgcccgctgctggacaggggctcggctgt

tgggcactgacaattccgtggtgttgtcggggaagctgacgtcctttccatggctgctcgcctgtgttgc

cacctggattctgcgcgggacgtccttctgctacgtcccttcggccctcaatccagcggaccttccttcc

cgcggcctgctgccggctctgcggcctcttccgcgtcttcgccttcgccctcagacgagtcggatctccc

tttgggccgcctccccgcctggaattcgagctcggtacctttaagaccaatgacttacaaggcagctgta

gatcttagccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatc

tgetttttgcttgt actgggtctctctggttagaccagatct gagectgggagctctctggctaactagg

gaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgttgtgt

gactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcat

gtcatcttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttat

tgcagcttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactg

cattctagttgtggtttgtccaaactcatcaatgtatcttatcatgtctggctctagctatcccgcccct

aggcaccggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgc

tcatgagacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagccatattcaacg

ggaaacgtcgaggccgcgattaaattccaacatggatgctgatttatatgggtataaatgggctcgcgat

aatgtcgggcaatcaggtgcgacaatctatcgcttgtatgggaagcccgatgcgccagagttgtttctga

aacatggcaaaggtagcgttgccaatgatgttacagatgagatggtcagactaaactggctgacggaatt

tatgccacttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatc



cccggaaaaacagcgttccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctgg

cagtgttcctgcgccggttgcactcgattcctgtttgtaattgtccttttaacagcgatcgcgtatttcg

cctcgctcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattttgatgacgagcgtaat

ggctggcctgttgaacaagtctggaaagaaatgcataaacttttgccattctcaccggattcagtcgtca

ctcatggtgatttctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttgg

acgagtcggaatcgcagaccgataccaggatcttgccatcctatggaactgcctcggtgagttttctcct

tcattacagaaacggctttttcaaaaatatggtattgataatcctgatatgaataaattgcagtttcatt

tgatgctcgatgagtttttctaactgtcagaccaagtttactcatatatactttagattgatttaaaact

tcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgt

gagttttcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttc

tgcgcgtaatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaaga

gctaccaactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtg

tagccgtagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgt

taccagtggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccgga

taaggcgcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacacc

gaactgagatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggt

atccggtaagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatct

ttatagtcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcgg

agcctatggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcaca

tgttctttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgc

tcgccgcagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaa

ccgcctctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgg

gcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgct

tccggctcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgat

tacgccaagcgcgcaattaaccctcactaaagggaacaaaagctggagct

Example 2. Generation of the pNOX vector

The pCINS vector generated in Example 1 was further modified to produce the pNOX vector. In

particular, the post-transcriptional regulatory element (PRE) of woodchuck hepatitis virus (WPRE) present

in pCINS was replaced with a PRE from hepatitis B virus (HPRE), which includes the natural sequence of

hepatitis B virus isolate bba6, complete genome (GenBank: KP341 007. 1) . WPRE was present in the

parental vector to ensure efficient expression of the transgene. However, WPRE contains an X protein-

coding sequence. The presence of the X protein ORF in WPRE may pose safety issues for integrating

lentiviral vectors. For example, X protein has been implicated in the generation of liver cancers (Gene

Ther. 12(1 ) :3-4, 2005; incorporated herein by reference). In the pNOX vector, a point mutation was

introduced in the start codon (ATG->AGG) of the X protein. As a result, the recombinant HPRE contains

no X protein ORF. A feature map of pNOX is set forth in Fig. 13 , while a restriction map of the vector is

set forth in Fig. 14 .



The pNOX-EG FP sequence is set forth below and is detailed in Table 4 . EGFP

sequences can optionally be replaced with sequences of another transgene (e.g., a gene

encoding a CAR), if desired, using standard methods in the art.

pNOX-EGFP sequence (SEQ ID NO:51 )

gcagactagtaagcttagtaatcaattacggggtcattagttcatagcccatatatggagttccgcgtta

cataacttacggtaaatggcccgcctggctgaccgcccaacgacccccgcccattgacgtcaataatgac

gtatgttcccatagtaacgccaatagggactttccattgacgtcaatgggtggagtatttacggtaaact

gcccacttggcagtacatcaagtgtatcatatgccaagtacgccccctattgacgtcaatgacggtaaat

ggcccgcctggcattatgcccagtacatgaccttatgggactttcctacttggcagtacatctacgtatt

agtcatcgctattaccatgctgatgcggttttggcagtacatcaatgggcgtggatagcggtttgactca

cggggatttccaagtctccaccccattgacgtcaatgggagtttgttttggcaccaaaatcaacgggact

ttccaaaatgtcgtaacaactccgccccattgacgcaaatgggcggtaggcgtgtacggtgggaggtcta

tataagcagagctggtttagtgaaccggggtctctctggttagaccagatctgagcctgggagctctctg

gctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccg

tctgttgtgtgactctggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagt

ggcgcccgaacagggacttgaaagcgaaagtaaagccagaggagatctctcgacgcaggactcggcttgc

tgaagcgcgcacggcaagaggcgaggggcggcgactggtgagtacgccaaaaattttgactagcggaggc

tagaaggagagagatgggtgcgagagcgtcggtattaagcgggggagaattagataaatgggaaaaaatt

cggtaataaggccagggggaaagaagaagtacaagctaaagcacatcgtatgggcaagcagggagctaga

acgattcgcagttaatcctggccttttagagacatcagaaggcggccgctgatcttcagacctggaggag

gcgatatgagggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagt

agcacccaccaaggcaaagagaagagtggtgcagagagaaaaaagagcagtgggaatttaaataggagct

ttgttccttgggttcttgggagcagcaggaagcactatgggcgcagcgtcaatgacgctgacggtacagg

ccagacaattattgtctgatatagtgcagcagcagaacaatttgctgagggctattgaggcgcaacagca

tctgttgcaactcacagtctggggcatcaaacagctccaggcaagaatcctggctgtggaaagataccta

aaggatcaacagctcctcctgcaggggatttggggttgctctggaaaactcatttgcaccactgctgtgc

cttggaatgctagttggagtaataaatctctggaacagatttggaataacatgacctggatggagtggga

cagagaaattaacaattacacaagcttaatacactccttaattgaagaatcgcaaaaccagcaagaaaag

aatgaacaagaattattggaattagataaatgggcaagtttgtggaattggtttaacataacaaattggc

tgtggtatataaaattattcataatgatagtaggaggcttggtaggtttaagaatagtttttgctgtact

ttctatagtgaatagagttaggcagggatattcaccattatcgtttcagacccacctcccaatcccgagg

ggacccgacaggcccgaaggaatagaagaagaaggtggagagagagacagagacagatccattcgattag

tgaacggatctcgacggtatcgattagactgtagcccaggaatatggcagctagattgtacacatttaga

aggaaaagttatcttggtagcagttcatgtagccagtggatatatagaagcagaagtaattccagcagag

acagggcaagaaacagcatacttcctcttaaaattagcaggaagatggccagtaaaaacagtacatacag

acaatggcagcaatttcaccagtactacagttaaggccgcctgttggtgggcggggatcaagcaggaatt

tggcattccctacaatccccaaagtcaaggagtaatagaatctatgaataaagaattaaagaaaattata



ggacaggtaagagatcaggctgaacatcttaagacagcagtacaaatggcagtattcatccacaatttta

aaagaaaaggggggattggggggtacagtgcaggggaaagaatagtagacataatagcaacagacataca

aactaaagaattacaaaaacaaattacaaaaattcaaaattttcgggtttattacagggacagcagagat

ccagtttggctgcattgatcacgtgaggctccggtgcccgtcagtgggcagagcgcacatcgcccacagt

ccccgagaagttggggggaggggtcggcaattgaaccggtgcctagagaaggtggcgcggggtaaactgg

gaaagtgatgtcgtgtactggctccgcctttttcccgagggtgggggagaaccgtatataagtgcagtag

tcgccgtgaacgttctttttcgcaacgggtttgccgccagaacacaggtaagtgccgtgtgtggttcccg

cgggcctggcctctttacgggttatggcccttgcgtgccttgaattacttccacctggctgcagtacgtg

attcttgatcccgagcttcgggttggaagtgggtgggagagttcgaggccttgcgcttaaggagcccctt

cgcctcgtgcttgagttgaggcctggcctgggcgctggggccgccgcgtgcgaatctggtggcaccttcg

cgcctgtctcgctgctttcgataagtctctagccatttaaaatttttgatgacctgctgcgacgcttttt

ttctggcaagatagtcttgtaaatgcgggccaagatctgcacactggtatttcggtttttggggccgcgg

gcggcgacggggcccgtgcgtcccagcgcacatgttcggcgaggcggggcctgcgagcgcggccaccgag

aatcggacgggggtagtctcaagctggccggcctgctctggtgcctggcctcgcgccgccgtgtatcgcc

ccgccctgggcggcaaggctggcccggtcggcaccagttgcgtgagcggaaagatggccgcttcccggcc

ctgctgcagggagctcaaaatggaggacgcggcgctcgggagagcgggcgggtgagtcacccacacaaag

gaaaagggcctttccgtcct cagecgtcgctt catgtgactccactgagtaccgggcgccgtccaggcac

ctcgattagttctcgagcttttggagtacgtcgtctttaggttggggggaggggttttatgcgatggagt

ttccccacactgagtgggtggagactgaagttaggccagcttggcacttgatgtaattctccttggaatt

tgccctttttgagtttggatcttggttcattctcaagcctcagacagtggttcaaagtttttttcttcca

tttcaggtgtcgtgatctagaggatccgccaccatggtgagcaagggcgaggagctgttcaccggggtgg

tgcccatcctggtcgagctggacggcgacgtaaacggccacaagttcagcgtgtccggcgagggcgaggg

cgatgccacctacggcaagctgaccctgaagttcatctgcaccaccggcaagctgcccgtgccctggccc

accctcgtgaccaccctgacctacggcgtgcagtgcttcagccgctaccccgaccacatgaagcagcacg

acttcttcaagtccgccatgcccgaaggctacgtccaggagcgcaccatcttcttcaaggacgacggcaa

ctacaagacccgcgccgaggtgaagttcgagggcgacaccctggtgaaccgcatcgagctgaagggcatc

gacttcaaggaggacggcaacatcctggggcacaagctggagtacaactacaacagccacaacgtctata

tcatggccgacaagcagaagaacggcatcaaggtgaacttcaagatccgccacaacatcgaggacggcag

cgtgcagctcgccgaccactaccagcagaacacccccatcggcgacggccccgtgctgctgcccgacaac

cactacctgagcacccagtccgccctgagcaaagaccccaacgagaagcgcgatcacatggtcctgctgg

agttcgtgaccgccgccgggatcactctcggcatggacgagctgtacaagtaagtcgactaaacaggcct

attgattggaaagtatgtcaacgaattgtgggtcttttggggtttgctgccccttttacgcaatgtggat

atcctgctttaatgcctttatatgcatgtatacaagcaaaacaggcttttactttctcgccaacttacaa

ggcctttctaagtaaacagtatctgaccctttaccccgttgctcggcaacggcctggtctgtgccaagtg

tttgctgacgcaacccccactggttggggcttggccataggccatcagcgcatgcgtggaacctttgtgt

ctcctctgccgatccatactgcggaactcctagccgcttgttttgctcgcagcaggtctggagcgaaact

catcgggactgacaattctgtcgtgctctcccgcaagtatacatcgtttccagggctgctaggctgtgct

gccaactggatcctgcgcgggacgtcctttgtttacgtcccgtcggcgctgaatcccgcggacgacccct



cccggggccgcttggggctctaccgcccgcttctccgtctgccgtaccgaccgaccacggggcgcacctc

tctttacgcggactccccgtctgtgccttctcatctgccggaccgtgtgcacttcgcttcacctctgcac

gtcgcatggagaccaccgtgaacgcccaccggaacctgcccaaggtcttgcataagaggactcttggact

ttcagcaatgtcaacgaattcgagctcggtacctttaagaccaatgacttacaaggcagctgtagatctt

agccactttttaaaagaaaaggggggactggaagggctaattcactcccaacgaagacaagatctgcttt

ttgcttgtactgggtctctctggttagaccagatct gagectgggagctctctggctaactagggaaccc

actgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgttgtgtgactct

ggtaactagagatccctcagacccttttagtcagtgtggaaaatctctagcagtagtagttcatgtcatc

ttattattcagtatttataacttgcaaagaaatgaatatcagagagtgagaggaacttgtttattgcagc

ttataatggttacaaataaagcaatagcatcacaaatttcacaaataaagcatttttttcactgcattct

agttgtggtttgtccaaactcatcaatgtatcttatcatgtctggctctagctatcccgcccctaggcac

cggggaaatgtgcgcggaacccctatttgtttatttttctaaatacattcaaatatgtatccgctcatga

gacaataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagccatattcaacgggaaac

gtcgaggccgcgattaaattccaacatggatgctgatttatatgggtataaatgggctcgcgataatgtc

gggcaatcaggtgcgacaatctatcgcttgtatgggaagcccgatgcgccagagttgtttctgaaacatg

gcaaaggtagcgttgccaatgatgttacagatgagatggtcagactaaactggctgacggaatttatgcc

acttccgaccatcaagcattttatccgtactcctgatgatgcatggttactcaccactgcgatccccgga

aaaacagcgttccaggtattagaagaatatcctgattcaggtgaaaatattgttgatgcgctggcagtgt

tcctgcgccggttgcactcgattcctgtttgtaattgtccttttaacagcgatcgcgtatttcgcctcgc

tcaggcgcaatcacgaatgaataacggtttggttgatgcgagtgattttgatgacgagcgtaatggctgg

cctgttgaacaagtctggaaagaaatgcataaacttttgccattctcaccggattcagtcgtcactcatg

gtgatttctcacttgataaccttatttttgacgaggggaaattaataggttgtattgatgttggacgagt

cggaatcgcagaccgataccaggatcttgccatcctatggaactgcctcggtgagttttctccttcatta

cagaaacggctttttcaaaaatatggtattgataatcctgatatgaataaattgcagtttcatttgatgc

tcgatgagtttttctaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcattt

ttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttt

tcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcttcttgagatcctttttttctgcgcg

taatctgctgcttgcaaacaaaaaaaccaccgctaccagcggtggtttgtttgccggatcaagagctacc

aactctttttccgaaggtaactggcttcagcagagcgcagataccaaatactgttcttctagtgtagccg

tagttaggccaccacttcaagaactctgtagcaccgcctacatacctcgctctgctaatcctgttaccag

tggctgctgccagtggcgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggc

gcagcggtcgggctgaacggggggttcgtgcacacagcccagcttggagcgaacgacctacaccgaactg

agatacctacagcgtgagctatgagaaagcgccacgcttcccgaagggagaaaggcggacaggtatccgg

taagcggcagggtcggaacaggagagcgcacgagggagcttccagggggaaacgcctggtatctttatag

tcctgtcgggtttcgccacctctgacttgagcgtcgatttttgtgatgctcgtcaggggggcggagccta

tggaaaaacgccagcaacgcggcctttttacggttcctggccttttgctggccttttgctcacatgttct

ttcctgcgttatcccctgattctgtggataaccgtattaccgcctttgagtgagctgataccgctcgccg

cagccgaacgaccgagcgcagcgagtcagtgagcgaggaagcggaagagcgcccaatacgcaaaccgcct



ctccccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcgggcagtg

agcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctttacactttatgcttccggc

tcgtatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgcc

aagcgcgcaattaaccctcactaaagggaacaaaagctggagct

Example 3. Viral titers generated using the pCINS and pNOX vectors

To determine the efficacy of the pCINS and pNOX lentiviral transfer vectors, a series of

experiments was performed, in which one of the transfer vectors was introduced into cells using transient

transfection of packaging cells. Briefly, Expi293™ cells (ThermoFischer) were grown in 5 ml of Freestyle

(FS) medium at concentration 5 mln/ml at 200 rpm , 37°C and 8%CC>2, 80% humidity. Transfection was

performed using PEIPro Transfer Reagent (PolyPlus) using 3 [ g pNVS-MDLgp-RRE, 3 [ g pNVS RSV

Rev- Kan, 0.75 [ig pNVS-MDG-VSVG-Kan, and 6 [ig transfer vector (pCINS or pNOX). Viral supernatants

were collected 48 hours after transfection and subjected to titer analysis (i.e. , measurement of infectious

titer).

In 293T cells, the pCINS plasmid transfer vector generated a viral titer approximately five times

higher than that generated by the parental vector (Fig. 5A) . Titer was evaluated based on percentage of

GFP-positive cells. This unexpectedly strong viral production may be due to higher quantities of lentiviral

genomic RNA generated by CMV promoter-mediated transcription in packaging cells (measured by qRT-

PCR) and more efficient export of unspliced LV RNA from nucleus due to the absence of nuclear

retention.

The pNOX transfer vector was able to generate similar or higher vector titers compared to pCINS

(Fig. 5B - 5D). Infectious titers were measured by GFP expression in transduced 293T cells, Jurkat T

cells, and primary human T cells. In particular, pNOX generated similar levels of GFP expression to

pCINS in 293T cells (Fig. 5B) and in primary human T cells (Fig. 5D), but actually yielded substantially

greater quantities of GFP-expressing Jurkat cells relative to pCINS (Fig. 5C).

The level of transgene expression after genomic integration of elements from a lentiviral transfer

vector was also examined. T cells were infected with viruses produced using the pNOX or pCINS

transfer vectors, such that viral elements were integrated into the T cell genomes. The HPRE-containing

lentiviral vector, pNOX, resulted in similar levels of transgene expressed compared to the WPRE-

containing lentiviral vector, pCINS (Fig. 5 E). These results were surprising based on previous reports

that WPRE (in pCINS) is more potent than HPRE (see, e.g., J. Virol. 72: 5085-5092, 1998; Gene

Therapy 14 , 1298-1 304, 2007; each of which is incorporated herein by reference).

The invention includes the pCINS vector, as well as related vectors that include portions of the

pCINS vector and/or sequences that share identity (e.g., at least 90%, 95%, 96%, 97%, 98%, 99%, or

100% identity with pCINS) with one or more sequences of pCINS. Sequences that may be included in

such related vectors include all pCINS sequences, or subsets including, e.g. , various combinations of the

viral promoter (i.e., the promoter driving expression of the viral proteins), partial gag (e.g . , lacking INS2, 3 ,

and 4 , and/or including an INS1 mutation as described herein), partial env, RRE, cPPT, subgenomic

promoter (e.g., EF1 alpha promoter, optionally including constitutive splice donor and splice acceptor sites

as described herein), and PRE (optionally with an X protein inactivating mutation, as described herein)



(these sequences each optionally have the sequence identities noted above). Such vectors may include

a transgene (e.g., a gene encoding a CAR or EG FP, as described herein).

Table 3. pCINS Features

Feature Nucleic Acid Sequence SEQ ID NO
CMV GTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACA 52
promoter TAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGA

CGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACG
TCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTAT

CATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGC
ATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGT

ATTAGTCATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGGCGT

GGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATG

GGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC

CGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGC

AGAGCTGGTTTAGTGAACCG

R GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGA 53
ACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTC

U5 AAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACC 54
CTTTTAGTCAGTGTGGAAAATCTCTAGCAG

PBS TGGCGCCCGAACAGGGAC 55
Packaging TTGAAAGCGAAAGTAAAGCCAGAGGAGATCTCTCGACGCAGGACTCGGCTTGCTG 56
signal AAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTACGCCAAAAATTTT

GACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCGGTATTA

SD ACTGGTGAGT (indicated in underlining in packaging signal sequence 57
above)

Partial gag ATGGGTGCGAGAGCGTCGGTATTAAGCGGGGGAGAATTAGATAAATG 58
sequence GGAAAAAATTCGGTAATAAGGCCAGGGGGAAAGAAGAAGTACAAGCT
(from NL4-3) AAAGCACATCGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTA
with mutated ATCCTGGCC 1111AGAGACATCAGAAG
INS signal
Notl 59
restriction
site
Partial env TGATCTTCAGACCTGGAGGAGGCGATATGAGGGACAATTGGAGAAGT 60
sequence GAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCAC

CCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGT
GGGA

Swal ATTTAAAT 6 1

restriction
site
RRE AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCG 62

TCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGATATAGTGCAGCAGC
AGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGT

CTGGGGCATCAAACAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAG
GATCAACAGCTCCT

Sbfl 63
restriction
site
Partial env GGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCT 64
sequence TGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGA 111GGAATAAC
containing ATGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTT
splice AATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGA
acceptor ACAAGAATTATTGGAATTAGATAAATGGGCAAG 111GTGGAATTGGTT
SA7 TAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTA

GGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTG
AATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCT
CCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAA
GGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATC





TGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCC
GTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCC
GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGG
CTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGC
GCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCA
TCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAA
CAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAAC
TTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACC
AGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCT
GAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTC
CTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACA
AGTAA

Sail GTCGAC 77
restriction
site
WPRE ATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGT 78

TGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATT
GCTTCCCGTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTC
TTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTT
TGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTTTCC
GGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCC
TTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTT
GTCGGGGAAGCTGACGTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATT
CTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTC
CTTCCCGCGGCCTGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCC
TCAGACGAGTCGGATCTCCCTTTGGGCCGCCTCCCCGCCTG

EcoRI GAATTC 80
restriction
site
Sacl 8 1

restriction
site
Kpnl 82
restriction
site
Partial Ne CTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTT 83
sequence, TAAAAGAAAAGGGGGG
containing
PPT
dU3 ACTGGAAGGGCTAATTCACTCCCAACGAAGACAAGATCTGCTTTTTGC 84

TTGTACT
R GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGA 85

ACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTC
U5 AAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACC 86

CTTTTAGTCAGTGTGGAAAATCTCTAGCAG
SV40 polyA AACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATT 87

TCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCAT
CAATGTATCTTATCATGTC

nptl l ATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATG 88
CTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGAC
AATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGC
AAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGA
CGGAATTTATGCCACTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGC
ATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCGTTCCAGGTATTAGAAGAA
TATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGT
TGCACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGCCT
CGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGAT
GACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTT
TGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCT
TATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATC
GCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTC



CTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAA

pUC ori AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA 89
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTC
TTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTAC
ATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCG
TGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGG
GCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGA
ACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGA
AAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG
AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT
CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAA
AACGCCAGCAACGCG

The invention includes the pNOX vector, as well as related vectors that include portions of the

pNOX vector and/or sequences that share identity (e.g., at least 90%, 95%, 96%, 97%, 98%, 99%, or

100% identity with pNOX) with one or more sequences of pNOX. Sequences that may be included in

such related vectors include all pNOX sequences, or subsets including, e.g., various combinations of the

viral promoter (i.e., the promoter driving expression of the viral proteins), partial gag (e.g . , lacking INS2, 3 ,

and 4 , and/or including an INS1 mutation as described herein), partial env, RRE, cPPT, subgenomic

promoter (e.g., EF1 alpha promoter, optionally including constitutive splice donor and splice acceptor sites

as described herein), and PRE (optionally with an X protein inactivating mutation, as described herein)

(these sequences each optionally have the sequence identities noted above). Such vectors may include

a transgene (e.g., a gene encoding a CAR or EG FP, as described herein).

Table 4. pNOX Features



Notl 59
restriction
site
Partial env TGATCTTCAGACCTGGAGGAGGCGATATGAGGGACAATTGGAGAAGTGAATTATA 60
sequence TAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAG

AGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGA
Swal 6 1
restriction
site
RRE AGGAGCTTTGTTCCTTGGGTTCTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCG 62

TCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGATATAGTGCAGCAGC
AGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGT
CTGGGGCATCAAACAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAG
GATCAACAGCTCCT

Sbfl 63
restriction
site
Partial env GGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCT 64
sequence TGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGA 111GGAATAAC
containing ATGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTT
splice AATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGA
acceptor ACAAGAATTATTGGAATTAGATAAATGGGCAAG 111GTGGAATTGGTT
SA7 TAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTA

GGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTG
AATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCT
CCCAATCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAA
GGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATC
TCGACGGT

SA7 AGTTAGGCAGGGATATTCACCATTATCGTTTCAGAC 65
Clal 66
restriction
site
cPPT TAGACTGTAGCCCAGGAATATGGCAGCTAGATTGTACACATTTAGAAGGAAAAGT 67

TATCTTGGTAGCAGTTCATGTAGCCAGTGGATATATAGAAGCAGAAGTAATTCCA
GCAGAGACAGGGCAAGAAACAGCATACTTCCTCTTAAAATTAGCAGGAAGATGGC
CAGTAAAAACAGTACATACAGACAATGGCAGCAATTTCACCAGTACTACAGTTAA
GGCCGCCTGTTGGTGGGCGGGGATCAAGCAGGAATTTGGCATTCCCTACAATCCC
CAAAGTCAAGGAGTAATAGAATCTATGAATAAAGAATTAAAGAAAATTATAGGAC
AGGTAAGAGATCAGGCTGAACATCTTAAGACAGCAGTACAAATGGCAGTATTCAT
CCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATA
GTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAA
AAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGCT

SA1 GTTTATTACAGGGACAGCAGAGATCCAGTTTGG (indicated in underlining in 68
eppt sequence above)

Blunted Pstl 69
restriction
site
Bell 70
restriction
site
EF1 a CGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCCACAGTCCCCGA 7 1

promoter GAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGGG
GTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGG
GAGAACCGTATATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTT
TGCCGCCAGAACACAGGTAAGTGCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTT
ACGGGTTATGGCCCTTGCGTGCCTTGAATTACTTCCACCTGGCTGCAGTACGTGA
TTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCGAGGCCTTGCGC
TTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGGC
CGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGT
CTCTAGCCATTTAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGA



site



Sacl ' - . ί 8 1

restriction
site
Kpnl 82
restriction
site
Partial Ne CTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTT 83
sequence, TAAAAGAAAAGGGGGG
containing
PPT
dU3 ACTGGAAGGGCTAATTC ACTCCC AACGAAGACAAGATCTG CTTTTTG C 84

TTGTACT
R GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGA 85

ACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTC
U5 AAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACC 86

CTTTTAGTCAGTGTGGAAAATCTCTAGCAG
SV40 polyA AACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATT 87

TCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCAT
CAATGTATCTTATCATGTC

nptl l ATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGATG 88
CTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGAC
AATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGC
AAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGA
CGGAATTTATGCCACTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGC
ATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCGTTCCAGGTATTAGAAGAA
TATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGT
TGCACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGCCT
CGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGAT
GACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTT
TGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCT
TATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATC
GCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTC
CTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTCTAA

pUC ori AGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA 89
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCA
ACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTC
TTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTAC
ATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCG
TGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGG
GCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGA
ACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGA
AAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG
AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCT
CTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAA
AACGCCAGCAACGCG

Example 4. Generation of the pNLV transfer vector

The pNOX vector generated in Example 2 was further modified to produce the pNLV vector.

Feature and restriction maps of pNLV are shown in Figs. 13 and 14 , respectively. The cPPT element of

pNOX was replaced with the cPPT sequence shown in SEQ ID NO:92. cPPT represents pol sequence

position 2698-2850 (see SEQ ID NOs:92 and 93). A Kozak sequence is included immediately upstream

of the gene encoding the transgene (e.g., EG FP, as shown in Table 5). Lastly, a wild-type EF1 a

promoter (P-EF1 a) of SEQ ID NO: 95 was utilized . The pNLV vector has increased viral titer and an

improved biosafety profile.



The sequence of the pNLV vector, and the sequences of the elements in the pNLV vector, are

shown below. In some instances, the vector backbone and elements included in the pNLV vector, and

portions thereof, may be used in any of the vectors described herein. Vector backbone sequences and

functional elements may be inserted into another vector and/or replace portions of another vector

according to cloning methods well known in the art.

The pNLV-EGFP sequence is set forth below and is detailed in Table 5 . EGFP

sequences can optionally be replaced with sequences of another transgene (e.g., a gene

encoding a CAR), if desired, using standard methods in the art.

pNLV-EGFP sequence (SEQ ID NO: 90)

GTAATCAATTACG GGGTCATTAGTTC ATAGCCCATATATG GAGTTCCG CGTTACATAACTTACG GTAA
ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCA
TAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTT
GGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCC
GCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGT
CATCGCTATTACCATGCTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCA
CGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGG
ACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGG
AGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGG
GAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAG
TAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTG
GAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTGAAAGCGAAAGTAAAGCCAGAGGAGATCTCT
CGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGCGACTGGTGAGTA
CGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCGGTATTAAGC
GGGGGAGAATTAGATAAATGGGAAAAAATTCGGTAATAAGGCCAGGGGGAAAGAAGAAGTACAAGC
TAAAGCACATCGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTTTTAGAGAC
ATCAGAAGGCGGCCGCTGATCTTCAGACCTGGAGGAGGCGATATGAGGGACAATTGGAGAAGTGAA
TTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCCACCAAGG CAAAGAGAAGAGT
GGTGCAGAGAGAAAAAAGAGCAGTGGGAATTTAAATAGGAGCTTTGTTCCTTGGGTTCTTGGGAGCA
GCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGAT
ATAGTG CAGCAGCAGAACAATTTG CTGAGGGCTATTGAGGCGCAACAGCATCTGTTG CAACTCACAG
TCTGGGGCATCAAACAGCTCCAGGCAAGAATCCTGGCTGTGGAAAGATACCTAAAGGATCAACAGCT
CCTCCTGCAGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAATGCT
AGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATAACATGACCTGGATGGAGTGGGACAGAGAAA
TTAACAATTACACAAGCTTAATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAA
CAAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTG GCTGTG
GTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTC
TATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAATCCCGAGG
GGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCG
ATTAGTGAACGGATCTCGACGGTATCGATACTAGTACAAATGGCAGTATTCATCCACAATTTTAAAAG
AAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACA
AACTAAAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGA
TCCACTTTGGCTGCATTGATCACGTGAGGCTCCGGTGCCCGTCAGTGGGCAGAGCGCACATCGCCC
ACAGTCCCCGAGAAGTTGGGGGGAGGGGTCGGCAATTGAACCGGTGCCTAGAGAAGGTGGCGCGG
GGTAAACTGGGAAAGTGATGTCGTGTACTGGCTCCGCCTTTTTCCCGAGGGTGGGGGAGAACCGTA
TATAAGTGCAGTAGTCGCCGTGAACGTTCTTTTTCGCAACGGGTTTGCCGCCAGAACACAGGTAAGT
GCCGTGTGTGGTTCCCGCGGGCCTGGCCTCTTTACGGGTTATGGCCCTTGCGTGCCTTGAATTACT
TCCACCTGGCTGCAGTACGTGATTCTTGATCCCGAGCTTCGGGTTGGAAGTGGGTGGGAGAGTTCG
AGGCCTTGCGCTTAAGGAGCCCCTTCGCCTCGTGCTTGAGTTGAGGCCTGGCCTGGGCGCTGGGG
CCGCCGCGTGCGAATCTGGTGGCACCTTCGCGCCTGTCTCGCTGCTTTCGATAAGTCTCTAGCCATT



TAAAATTTTTGATGACCTGCTGCGACGCTTTTTTTCTGGCAAGATAGTCTTGTAAATGCGGGCCAAGA
TCTGCACACTGGTATTTCGGTTTTTGGGGCCGCGGGCGGCGACGGGGCCCGTGCGTCCCAGCGCA
CATGTTCGGCGAGGCGGGGCCTGCGAGCGCGGCCACCGAGAATCGGACGGGGGTAGTCTCAAGC
TGGCCGGCCTGCTCTGGTGCCTGGCCTCGCGCCGCCGTGTATCGCCCCGCCCTGGGCGGCAAGG
CTGGCCCGGTCGGCACCAGTTGCGTGAGCGGAAAGATGGCCGCTTCCCGGCCCTGCTGCAGGGAG
CTCAAAATGGAGGACGCGGCGCTCGGGAGAGCGGGCGGGTGAGTCACCCACACAAAGGAAAAGGG
CCTTTCCGTCCTCAGCCGTCGCTTCATGTGACTCCACGGAGTACCGGGCGCCGTCCAGGCACCTCG
ATTAGTTCTCGAGCTTTTGGAGTACGTCGTCTTTAGGTTGGGGGGAGGGGTTTTATGCGATGGAGTT
TCCCCACACTGAGTGGGTGGAGACTGAAGTTAGGCCAGCTTGGCACTTGATGTAATTCTCCTTGGAA
TTTGCCCTTTTTGAGTTTGGATCTTGGTTCATTCTCAAGCCTCAGACAGTGGTTCAAAGTTTTTTTCTT
CCATTTCAGGTGTCGTGATCTAGAGGATCCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACC
GGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGG
CGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGC
TGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACC
CCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCA
CCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCC
TGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAG
CTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAG
GTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAG
AACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGC
CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCG
GGATCACTCTCGGCATGGACGAGCTGTACAAGTAAGTCGACTAAACAGGCCTATTGATTGGAAAGTA
TGTCAACGAATTGTGGGTCTTTTGGGGTTTGCTGCCCCTTTTACGCAATGTGGATATCCTGCTTTAAT
GCCTTTATATGCATGTATACAAGCAAAACAGGCTTTTACTTTCTCGCCAACTTACAAGGCCTTTCTAA
GTAAACAGTATCTGACCCTTTACCCCGTTGCTCGGCAACGGCCTGGTCTGTGCCAAGTGTTTGCTGA
CGCAACCCCCACTGGTTGGGGCTTGGCCATAGGCCATCAGCGCATGCGTGGAACCTTTGTGTCTCC
TCTGCCGATCCATACTGCGGAACTCCTAGCCGCTTGTTTTGCTCGCAGCAGGTCTGGAGCGAAACTC
ATCGGGACTGACAATTCTGTCGTGCTCTCCCGCAAGTATACATCGTTTCCAGGGCTGCTAGGCTGTG
CTGCCAACTGGATCCTGCGCGGGACGTCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGCGGACG
ACCCCTCCCGGGGCCGCTTGGGGCTCTACCGCCCGCTTCTCCGTCTGCCGTACCGACCGACCACG
GGGCGCACCTCTCTTTACGCGGACTCCCCGTCTGTGCCTTCTCATCTGCCGGACCGTGTGCACTTC
GCTTCACCTCTGCACGTCGCATGGAGACCACCGTGAACGCCCACCGGAACCTGCCCAAGGTCTTGC
ATAAGAGGACTCTTGGACTTTCAGCAATGTCAACGAATTCGAGCTCGGTACCTTTAAGACCAATGACT
TACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACT
CCCAACGAAGACAAGATCTGCTTTTTGCTTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTG
GGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAA
GTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGT
GGAAAATCTCTAGCAGTAGTAGTTCATGTCATCTTATTATTCAGTATTTATAACTTGCAAAGAAATGAA
TATCAGAGAGTGAGAGGAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACA
AATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTT
ATCATGTCTGGCTCTAGCTATCCCGCCCCTAGGCACCGGGGAAATGTGCGCGGAACCCCTATTTGTT
TATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATA
TTGAAAAAGGAAGAGTATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATG
GATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATC
GCTTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTTGCCAATG
ATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCACTTCCGACCATCAAGCA
TTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCGTTCCAG
GTATTAGAAGAATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGT
TGCACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATTTCGCCTCGCTCAGGCGCAA
TCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTG
AACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGAT
TTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGG
AATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTAC



AGAAACG GCTTTTTC AAAAATATGGTATTGATAATCCTG ATATGAATAAATTG CAGTTTC ATTTG ATGC
TCGATGAGTTTTTCTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTT
TTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTT
TTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGC
GCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGA
GCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAG
TGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAAT
CCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATA
GTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGC
GAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAG
GGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCT
TCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGA
TTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGG
TTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAA
CCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTC
AGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTC
ATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATG
TGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGA
ATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGCCAAGCGCGCAATTA
ACCCTCACTAAAGGGAACAAAAGCTGGAGCTGCAGACTAGTAAGCTTA

The functional elements present within the pNLV vector are shown in Table 4 below. Portions of

the full pNLV sequence may include vector backbone sequences. Such vector backbone sequences may

be used as and/or replace vector backbone sequences, or portions thereof, in any of the vectors

described herein (e.g., pCINS, pNOX, and pNLV).

The invention includes the pNLV vector, as well as related vectors that include portions of the

pNLV vector and/or sequences that share identity (e.g. , at least 90%, 95%, 96%, 97%, 98%, 99%, or

100% identity with pNLV) with one or more sequences of pNLV. Sequences that may be included in such

related vectors include all pNLV sequences, or subsets including, e.g. , various combinations of the viral

promoter (i.e., the promoter driving expression of the viral proteins), partial gag (e.g., lacking INS2, 3 , and

4 , and/or including an INS1 mutation as described herein), partial env, RRE, cPPT, subgenomic promoter

(e.g. , EF1 alpha promoter, optionally including constitutive splice donor and splice acceptor sites as

described herein), and PRE (optionally with an X protein inactivating mutation, as described herein)

(these sequences each optionally have the sequence identities noted above). Such vectors may include

a transgene (e.g., a gene encoding a CAR or EG FP, as described herein).

Table 5. pNLV features

Feature Nucleic Acid Sequence Source SEQ ID NO:
CMV GTAATC AATTACG GGGTCATTAGTTC ATAGCCCATA GenBank: 52
promoter/ TATGGAGTTCCGCGTTACATAACTTACGGTAAATG KT1 86368. 1
enhancer, GCCCGCCTGGCTGACCGCCCAACGACCCCCGCCC
P-CMV ATTGACGTCAATAATGACGTATGTTCCCATAGTAAC

GCCAATAGGGAC I I I CCATTGACGTCAATGGGTGG
AGTA I I IACGGTAAACTGCCCACTTGGCAGTACAT
CAAGTGTATCATATGCCAAGTACGCCCCCTATTGA
CGTCAATGACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGAC I I I CCTACTTGG
CAGTACATCTACGTATTAGTCATCGCTATTACCATG
CTGATGCGG I I I I GGCAGTACATCAATGGGCGTGG
ATAGCG GTTTG ACTC ACGGGGATTTCC AAGTCTCC









GAGCGAAACTCATCGGGACTGACAATTCTGTCGTG
CTCTCCCG CAAGTATAC ATCG 111CCAGGGCTGCT
AGGCTGTGCTGCCAACTGGATCCTGCGCGGGACG
TCCTTTGTTTACGTCCCGTCGGCGCTGAATCCCGC
GGACGACCCCTCCCGGGGCCGCTTGGGGCTCTAC
CGCCCGCTTCTCCGTCTGCCGTACCGACCGACCA
CGGGGCGCACCTCTC 111ACGCGGACTCCCCGTC
TGTGCCTTCTCATCTGCCGGACCGTGTGCACTTCG
CTTCACCTCTGCACGTCGCATGGAGACCACCGTGA
ACGCCCACCGGAACCTGCCCAAGGTCTTGCATAA
GAGGACTCTTGGAC 111CAGCAATGTCAAC

(underlined codon is mutated ATG/AGG codon of X
protein)

EcoRI 80
restriction
site
Sacl 8 1

restriction
site
Kpnl 82
restriction
site
Partial Ne CTTTAAGACCAATGACTTACAAGGCAGCTGTAGAT NL4-3 HIV-1 83
sequence, CTTAGCCACTTTTT AAAAGAAAAGGGGGG isolate
containing GenBank:
PPT AF324493. 1
dU3 ACTGGAAGGGCTAATTCACTCCCAACGAAGACAAG NL4-3 HIV-1 84

ATCTGCTTTTTG CTTGTACT isolate
GenBank:
AF324493. 1

R GGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGG NL4-3 HIV-1 85
AGCTCTCTGG CTAACTAGG GAACCCACTGCTTAAG isolate
CCTCAATAAAGCTTGCCTTGAGTGCTTC GenBank:

AF324493. 1
U5 AAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGT NL4-3 HIV-1 86

AACTAGAGATCCCTCAGACCC 1111AGTCAGTGTG isolate
GAAAATCTCTAGCAG GenBank:

AF324493. 1
SV40 TAGTAGTTCATGTCATCTTATTATTCAGTATTTATAA GenBank: 97
termination CTTGCAAAGAAATGAATATCAGAGAGTGAGAGGAA KX757255. 1
and CTTG 111ATTGCAGCTTATAATGGTTACAAATAAAG
polyadenylat CAATAGCATCACAAATTTCACAAATAAAGCATTTTT
ion signal TTCACTGCATTCTAGTTGTGG 111GTCCAAACTCAT

CAATGTATCTTATCATGTCTGGCTCTAGCTATCCCG
CC

Kan-R ATGAGCCATATTCAACGGGAAACGTCGAGGCCGC Synthesized 88
GATTAAATTCCAACATGGATGCTGA 111ATATGGGT by DNA2.0
ATAAATGGGCTCGCGATAATGTCGGGCAATCAGGT
GCGACAATCTATCGCTTGTATGGGAAGCCCGATGC
GCCAGAGTTG 111CTGAAACATGGCAAAGGTAGCG
TTGCCAATGATGTTACAGATGAGATGGTCAGACTA
AACTGGCTGACGGAA 111ATGCCACTTCCGACCAT
CAAGCA I 111ATCCGTACTCCTGATGATGCATGGTT
ACTCACCACTGCGATCCCCGGAAAAACAGCGTTCC
AGGTATTAGAAGAATATCCTG ATTCAGGTGAAAATA
TTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTG
CACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGC
GATCGCGTA 111CGCCTCGCTCAGGCGCAATCACG
AATGAATAACGGTTTGGTTGATGCGAGTGATTTTG
ATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTC



TGGAAAGAAATG CATAAACTTTTG CCATTCTC ACCG
GATTCAGTCGTCACTCATGGTGA 111CTCACTTGAT
AACCTTATTTTTGACGAGGGGAAATTAATAGGTTGT
ATTGATGTTGGACGAGTCGGAATCGCAG ACCG ATA
CCAGGATCTTGCCATCCTATGGAACTGCCTCGGTG
AGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAA
AATATG GTATTG ATAATCCTG ATATGAATAAATTG C
AGTTTC ATTTG ATG CTCGATGAGTTTTTCT AA

Example 5. Optimization of transfer vectors for lentiviral production

An improved lentiviral transfer vector system with greater viral titers, enhanced biosafety features,

improved transduction efficiency, and durable transgene expression was developed. A number of c/'s-

elements were re-engineered to generate a pNLV transfer vector backbone (Fig. 6). To determine the

efficacy of the GFP-encoding pNLV lentiviral transfer vector compared to the GFP-encoding pCINS

transfer vector, a series of experiments was performed, in which one of the transfer vectors was

introduced into cells by transient transfection of packaging cells. Briefly, Expi293™ cells (Thermo Fisher)

were grown in 5 ml of Freestyle (FS) medium at a concentration of 5 mln/ml at 200 rpm , 37°C and 8%

CO2, 80% humidity. Transfections were performed using PEIPro Transfer Reagent (PolyPlus) using 3 µg

pNVS-MDLgp-RRE, 3 g pNVS 20 RSV Rev- Kan, 0.75 [ g pNVS-MDG-VSVG-Kan, and 6 g transfer

plasmid. Viral supernatants were collected 48 hours after transfection and subjected to titer analysis (i.e.,

measurement of infectious titer).

The pNLV transfer vector generated a viral titer approximately two to three times higher than that

generated by the control parental (i.e., before optimization) vector (Fig. 7 A). Physical titer was evaluated

based on the viral RNA copy number (e.g. , as measured by qRT-PCR), and the infectious titer was

determined based on the infectious units determined by proviral integration titer assay (Fig. 7 B).

Next, the level of transgene expression was examined after genomic integration of elements from

the pNLV vector compared to the pCINS transfer vector. T cells were infected with viruses produced

using the pCINS or pNLV lentiviral vectors, such that viral elements were integrated into the T cell

genomes. The pNLV vector was found to have a greater level of transgene expression (as measured by

FACS) compared to pCINS (Figs. 8A -8C).

The pNLV and pCINS vectors were also compared to several commercial transfer vectors with

respect to their relative infectious titer. Each of the commercial vectors and the pCINS vector were

separately compared to a GFP-encoding control (parental) vector, and the pCINS vector was further

compared to pNLV. The pLVX (Clontech) transfer vector was transduced into 293T cells and was found

to have a slightly higher viral titer than the control vector (Fig. 9A). The pLenti6.2 (Life Technologies)

transfer vector was transduced into cells and was found to have a large decrease in viral titer compared

to the control vector (Fig. 9B). The pD21 09 (DNA2.0) transfer vector was transduced into cells and was

found to have a small decrease in viral titer compared to the control vector (Fig. 9C). The pCINS transfer

vector was transduced into cells and was found to have a substantially higher viral titer than the control

vector (Fig. 9D). The pNLV transfer vector was also transduced into cells and was found to have a

higher viral titer than the pCINS vector (Fig. 9E). These results indicate that viruses made using both the

pCINS and pNLV are, overall , significantly more infectious than those made using commercially available

lentiviral transfer vectors, with virus made using the pNLV vector exhibiting the highest viral titer.



To investigate the effects of splicing on infectious titer, a series of splice donor and splice

acceptor sites were mutated for subsequent viral titer determination (Fig. 10A). The various splice donor

and splice acceptor site mutants of the pCINS transfer vector were transfected into packaging cells and

the viral titer was compared across the panel of mutants to a control transfer vector (Fig. 10B). All of the

mutations led to a large decrease in viral titer, indicating that the presence of splice sites in the transfer

vector backbone is required for maximum viral titer. These observations indicate that the presence of

splice sites is important for lentiviral RNA nuclear export. Transport of genomic lentiviral RNA from the

nucleus may require interaction with the spliceosome and Rev protein . High levels of Rev protein

expressed from packaging vectors may ensure that full-size lentiviral RNA is protected from splicing and

transported for packaging.

Lastly, the gag and env regions of the transfer vector backbone were removed in a series of

newly engineered transfer vector constructs to determine the importance of the gag and env elements on

infectious viral titer. Transfer vectors with 3' and 5' gag and env deletions (i.e., -gag3', -gag5', -env3',

and -env5' mutants) were made (Fig. 11A) and each vector was then transduced into separate sets of

cells. The viral titer was determined for each of the gag and/or env deletion mutants and compared to a

control lentiviral transfer vector (Fig. 11B). It was found that the -env3' and -gag3'-env5' mutants

exhibited a decrease in viral titer relative to the control vector, while the -env5' and -gag3' showed little

difference in viral titer. These results indicate that the 3' gag and 5' env regions may be altered

individually with only a slight effect on viral titer, but other gag and env truncations are detrimental to

transfer vector efficacy.

Example 6. Sequence differences between pNLV and pRRLSIN

The pRRLSIN transfer vector was modified to generate the pNLV vector. These nucleotide

substitutions and insertions were introduced to improve the efficacy and biosafety profile of the lentiviral

transfer vector. In one example, the pNLV psi sequence has the following sequence differences

compared to the pRRLSIN sequence (Fig. 12A) : T771 C, T784G, A785G , G788A, insertion of the

polynucleotide sequence "GAG" (792-794), A798C, and G924A. pNLV has a partial gag sequence

beginning at position 907 through position 1074. Additionally, pNLV has the following sequence

differences in this region compared to pRRLSIN (Fig. 12B) : insertion of the following nucleotides: A968

and A969 (resulting in a stop codon), as well as the following substitutions: G924A, A949C, A950G ,

G989A, G992A, C995T, G998A, C999T, G 1004A, C 1007T, C 10 10A, T 1058G, and G 1064A. pNLV also

has a partial env sequence beginning at position 1083 through position 1228. In this region, pNLV has

the following sequence difference compared to pRRLSIN (Fig. 12C) : C 1105A.

The pNLV RRE region has the following sequence differences compared to pRRLSIN (Fig. 12D) :

G1291 C, A 1332G , and A 14 14G . pNLV has a region of partial env (containing the major splice acceptor 7

site) beginning at position 1479 through position 1961 . Additionally, pNLV has the following sequence

differences in this partial env region compared to pRRLSIN (Fig. 12E) : A 1571 C, T 1575C, and T 1866C.

pNLV has a cPPT region that begins at position 1971 through position 2 118 , and a partial pol

sequence (containing the major splice acceptor 1 site) beginning at position 1974 through position 2 15 1

(Fig. 12F). In some instances, the cPPT region includes a sequence of 178 nucleotides. In some

instances, the partial gag, partial env, and/or partial pol sequences show reduced homology to wild-type



viral sequences compared to the parent vector, thereby improving the biosafety profile. Additionally,

pNLV has the following sequence differences insertions within the cPPT and partial pol regions compared

to pRRLSIN : +A1 971 , +ACAAATGGCAG ( 1 974-1 984) , +TTCATCC ( 1 987-1 993), +A1 996, +A1 997, and

+CGG GTTTATTAC AGGGACAGCAGAGATCC ACTTTG G (21 16-21 5 1) .

The above-described sequence differences between pNLV and pRLLSIN are each applicable to

pCINS and pNOX, as compared to pRLLSIN, except for the cPPT region differences. The precise

nucleotide positions of the differences between pCINS or pNOX, relative to pRLLSIN, can be identified by

alignment of the relevant sequences provided herein .

OTHER EMBODIMENTS

All publications, patents, and patent applications mentioned in the above specification are hereby

incorporated by reference to the same extent as if each individual publication, patent or patent application

was specifically and individually indicated to be incorporated by reference in its entirety. Various

modifications and variations of the described methods, pharmaceutical compositions, and kits of the

invention will be apparent to those skilled in the art without departing from the scope and spirit of the

invention. Although the invention has been described in connection with specific embodiments, it will be

understood that it is capable of further modifications and that the invention as claimed should not be

unduly limited to such specific embodiments. Indeed, various modifications of the described modes for

carrying out the invention that are obvious to those skilled in the art are intended to be within the scope of

the invention. This application is intended to cover any variations, uses, or adaptations of the invention

following, in general, the principles of the invention and including such departures from the present

disclosure come within known customary practice within the art to which the invention pertains and may

be applied to the essential features herein before set forth.

What is claimed is:



CLAIMS

1. A lentiviral transfer vector comprising a heterologous nucleic acid sequence and being characterized

by at least two of the following features:

(a) comprising a cytomegalovirus (CMV) promoter,

(b) comprising a polynucleotide encoding at least a portion of a gag protein that comprises a

mutated INS1 inhibitory sequence that reduces restriction of nuclear export of RNA relative to wild-type

INS1 ,

(c) not comprising a polynucleotide encoding the INS2, INS3, and INS4 inhibitory sequences of

gag, and

(d) not comprising an SV40 origin of replication and/or an f 1 origin of replication.

2 . The lentiviral transfer vector of claim 1, characterized by at least three of features (a)-(d).

3 . The lentiviral transfer vector of claim 1, characterized by all of features (a)-(d).

4 . The lentiviral transfer vector of any one of claims 1-3, comprising a polynucleotide encoding a 150-250

(e.g., 168) nucleotide portion of a gag protein that (i) comprises a mutated INS1 inhibitory sequence that

reduces restriction of nuclear export of RNA relative to wild-type INS1 , (ii) contains two nucleotide

insertion that results in frame shift and premature termination, and/or (iii) does not comprise INS2, INS3,

and INS4 inhibitory sequences.

5 . The lentiviral transfer vector of any one of claims 1-4, further comprising one or more elements

selected from the group consisting of a packaging signal (psi), a partial gag sequence adjacent to or

partially overlapping with psi, a rev-response element, a partial env sequence, and a cPPT sequence

from pol, the sequences of which optionally originate from HIV-1 isolate NL4-3 or SF3.

6 . The lentiviral transfer vector of claim 5 , wherein the cPPT sequence comprises about 150-250 (e.g. ,

178-1 8 1) nucleotides and comprises splice acceptor SA1 sequence.

7 . The lentiviral transfer vector of any one of claims 1-6, further comprising one or more restriction sites

positioned between elements of said vector.

8 . The lentiviral transfer vector of any one of claims 1-7, further comprising a post-transcriptional

regulatory element (PRE).

9 . The lentiviral transfer vector of claim 8 , wherein said PRE is a woodchuck hepatitis virus PRE

(WPRE).



10 . The lentiviral transfer vector of claim 9 , wherein said WPRE comprises a nucleic acid sequence

having at least 95% identity to SEQ ID NO: 78.

11. The lentiviral transfer vector of claim 8 , wherein said PRE is a hepatitis B virus isolate bba6 PRE

(HPRE).

12 . The lentiviral transfer vector of claim 11, wherein said HPRE comprises a nucleic acid sequence

having at least 95% identity to SEQ ID NO: 79, and optionally wherein said HPRE comprises an

inactivating mutation in an X protein-encoding sequence.

13 . The lentiviral transfer vector of any one of claims 1- 12 , further comprising an EF1 a promoter,

optionally wherein said EF1 a promoter comprises a nucleic acid sequence having at least 95% identity to

SEQ ID NO: 7 1 , and optionally is full length and comprises intact splice donor and splice acceptor

sequences (SEQ ID NOs:72 and 73, respectively) (SEQ ID NO:95).

14 . The lentiviral transfer vector of any one of claims 1- 13 , wherein the lentiviral components of said

lentiviral transfer vector originate from HIV-1 .

15 . The lentiviral transfer vector of any one of claims 1- 14 , wherein said heterologous nucleic acid

sequence is downstream of a Kozak sequence.

16 . The lentiviral transfer vector of any one of claims 1- 15 , wherein the sequence encoding said at least

a portion of said gag protein has less than 90% sequence identity to a corresponding region of gag

protein encoded by pMDLgpRRE packaging plasmid.

17 . The lentiviral transfer vector of any one of claims 1- 16 , wherein said lentiviral transfer vector

comprises:

(i) a CMV promoter comprising a nucleic acid sequence having at least 95% identity to SEQ ID

NO: 52,

(ii) an LTR R region comprising a nucleic acid sequence having at least 95% identity to SEQ ID

NO: 53,

(iii) an LTR U5 region comprising a nucleic acid sequence having at least 95% identity to SEQ ID

NO: 54,

(iv) a primer binding site comprising a nucleic acid sequence having at least 95% identity to SEQ

ID NO: 55,

(v) a packaging signal comprising a nucleic acid sequence having at least 95% identity to SEQ ID

NO: 56,

(vi) a major splice donor site comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO: 57, which is within said packaging signal ,



(vii) a partial gag sequence comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO:58,

(viii) a partial env sequence comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO:60,

(ix) a Rev-response element comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO: 62,

(x) a partial env sequence comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO:64,

(xi) a splice acceptor site comprising a nucleic acid sequence having at least 95% identity to SEQ

ID NO: 65, which is within said partial env sequence of part (x),

(xii) a central polypurine tract comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO: 67, 92, or 93,

(xiii) a splice acceptor site comprising a nucleic acid sequence having at least 95% identity to

SEQ ID NO: 68 or 94, which is within said central polypurine tract,

(xiv) an EF1 alpha promoter having at least 95% sequence identity to SEQ ID NO:71 or 95,

(xv) a constitutive splice donor (CD) site comprising a nucleic acid sequence having at least 95%

identity to SEQ ID NO: 72, which is within said EF1 alpha promoter,

(xvi) a constitutive splice acceptor (CA) site comprising a nucleic acid sequence having at least

95% identity to SEQ ID NO: 73, which is within said EF1 alpha promoter,

(xvii) a polynucleotide encoding an EG FP comprising a nucleic acid sequence having at least

95% identity to SEQ ID NO: 76 and/or a transgene sequence,

(xviii) a PRE sequence comprising a nucleic acid sequence having at least 95% sequence

identity to SEQ ID NO: 78 or 79,

(xix) a partial nef sequence comprising a nucleic acid sequence having at least 95% sequence

identity to SEQ ID NO:83,

(xx) a dU3 sequence comprising a nucleic acid sequencing having at least 95% sequence identity

to SEQ ID NO:84,

(xxi) an LTR R region comprising a nucleic acid sequence having at least 95% identity to SEQ ID

NO: 85, and

(xxii) an LTR U5 region comprising a nucleic acid sequence having at least 95% identity to SEQ

ID NO: 86.

18 . The lentiviral transfer vector of any one of claims 1- 17 , wherein said heterologous nucleic acid

sequence encodes a protein.

19 . The lentiviral transfer vector of claim 18 , wherein said protein comprises a chimeric antigen receptor

(CAR).

20. The lentiviral transfer vector of claim 19 , wherein said CAR comprises, in a N-terminal to C-terminal

direction, an antigen binding domain, a transmembrane domain, and one or more signaling domains.



2 1 . The lentiviral transfer vector of claim 20, wherein said signaling domain comprises one or more

primary signaling domains.

22. The lentiviral transfer vector of claim 20 or 2 1 , wherein said signaling domains comprise one or more

costimulatory signaling domains.

23. The lentiviral transfer vector of claim 2 1 , wherein one of said one or more primary signaling domains

comprises a CD3-zeta stimulatory domain.

24. The lentiviral transfer vector of claim 22 or 23, wherein one or more of said costimulatory signaling

domains comprises an intracellular domain selected from a costimulatory protein selected from the group

consisting of CD27, CD28, 4-1 BB (CD1 37), OX40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, ICAM-1 ,

lymphocyte function-associated antigen-1 (LFA-1 ) , CD2, CDS, CD7, CD287, LIGHT, NKG2C, NKG2D,

SLAMF7, NKp80, NKp30, NKp44, NKp46, CD1 60, B7-H3, and a ligand that specifically binds with CD83.

25. The lentiviral transfer vector of claim 24, wherein said one or more of said costimulatory signaling

domains comprises the 4-1 BB (CD1 37) costimulatory domain.

26. The lentiviral transfer vector of claim 24 or 25, wherein said one or more of said costimulatory

domains comprises the CD28 costimulatory domain.

27. The lentiviral transfer vector of any one of claims 20-26, wherein said antigen binding domain is an

scFv.

28. The lentiviral transfer vector of any one of claims 20-27, wherein said antigen binding domain binds

to an antigen selected from the group consisting of CD1 9 ; CD1 23; CD22; CD30; CD1 7 1 ; CS-1 ; C-type

lectin-like molecule-1 , CD33; epidermal growth factor receptor variant I I I (EG FRvl l l) ; ganglioside G2

(GD2) ; ganglioside GD3 ; 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 (CD1 17) ; lnterleukin-1 3 receptor subunit alpha-2; mesothelin ; Interleukin 11 receptor alpha

(IL-1 1Ra) ; prostate stem cell antigen (PSCA) ; Protease Serine 2 1 ; vascular endothelial growth factor

receptor 2 (VEG FR2) ; Lewis(Y) antigen ; CD24; Platelet-derived growth factor receptor beta (PDG FR-

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 (IG F-I receptor), carbonic anhydrase IX (CAIX) ; Proteasome (Prosome,



Macropain) Subunit, Beta Type, 9 (LMP2) ; glycoprotein 100 (gp1 00) ; 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 ; transglutaminase 5 (TGS5) ; high molecular weight-melanoma-associated antigen

(HMWMAA) ; o-acetyl-G D2 ganglioside (OAcG D2) ; 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 (G PRC5D) ;

chromosome X open reading frame 6 1 (CXORF61 ); CD97; CD1 79a; 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

(G PR20) ; lymphocyte antigen 6 complex, locus K 9 (LY6K) ; Olfactory receptor 5 1E2 (OR51 E2) ; TCR

Gamma Alternate Reading Frame Protein (TARP) ; Wilms tumor protein (WT1 ) ; Cancer/testis antigen 1

(NY-ESO-1 ); Cancer/testis antigen 2 (LAG E-1 a) ; Melanoma-associated antigen 1 (MAG E-A1 ) ; ETS

translocation-variant gene 6 , located on chromosome 12p (ETV6-AML) ; sperm protein 17 (SPA1 7) ; X

Antigen Family, Member 1A (XAG E 1) ; 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 , melanoma antigen recognized by T cells 1; Rat sarcoma (Ras) mutant; human Telomerase

reverse transcriptase (hTERT) ; sarcoma translocation breakpoints; melanoma inhibitor of apoptosis (ML-

IAP) ; ERG (transmembrane protease, serine 2 (TMPRSS2) ETS fusion gene) ; N-Acetyl glucosaminyl-

transferase V (NA1 7) ; paired box protein Pax-3 (PAX3) ; Androgen receptor; Cyclin B 1 ; v-myc avian

myelocytomatosis viral oncogene neuroblastoma derived homolog (MYCN) ; Ras Homolog Family

Member C (RhoC) ; Tyrosinase-related protein 2 (TRP-2) ; Cytochrome P450 1B 1 (CYP1 B 1) ; CCCTC-

Binding Factor (Zinc Finger Protein)-Like, Squamous Cell Carcinoma Antigen Recognized By T Cells 3

(SART3) ; Paired box protein Pax-5 (PAX5) ; 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 (RAG E-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 f (CD300LF) ; C-type lectin domain family 12 member A (CLEC1 2A) ; bone marrow stromal

cell antigen 2 (BST2) ; EGF-like module-containing mucin-like hormone receptor-like 2 (EMR2) ;

lymphocyte antigen 75 (LY75) ; Glypican-3 (G PC3) ; Fc receptor-like 5 (FCRL5) ; and immunoglobulin

lambda-like polypeptide 1 (IGLL1 ) .

29. The lentiviral transfer vector of claim 28, wherein said antigen binding domain binds to CD1 9 ,

mesothelin, or CD1 23.



30. The lentiviral transfer vector of any one of claims 19-29, wherein said CAR comprises an anti-CD1 9

antibody or a fragment thereof, a 4-1 BB (CD1 37) transmembrane domain, and a CD3-zeta signaling

domain.

3 1 . A lentiviral transfer vector comprising, from 5' to 3', one or more of the following elements in operable

association :

a promoter,

a packaging signal (psi) comprising a major splice donor site (SD),

a partial gag sequence,

a partial env sequence,

a Rev-response element (RRE),

a partial env sequence comprising splice acceptor site (SA7),

a central polypurine tract (cPPT) comprising a splice acceptor site (SA1 ) ,

an EF1 a promoter, which comprises a constitutive splice donor site (CD) and a constitutive splice

acceptor site (CD),

optionally a gene encoding EG FP and/or a heterologous nucleic acid sequence, and

a post-transcriptional regulatory element.

32. A lentiviral transfer vector of claim 3 1 comprising, from 5' to 3', one or more of the following elements

in operable association :

a CMV promoter,

an LTR R region ,

an LTR U5 region,

a primer binding site (PBS),

a packaging signal (psi) comprising a major splice donor site (SD),

a partial gag sequence,

a partial env sequence,

a Rev-response element (RRE),

a partial env sequence comprising splice acceptor site (SA7),

a central polypurine tract (cPPT) comprising a splice acceptor site (SA1 ) ,

an EF1 a promoter,

optionally a gene encoding EG FP and/or a heterologous nucleic acid sequence,

a post-transcriptional regulatory element,

an LTR R region ,

an LTR U5 region,

an SV40 polyA tail,

a kanamycin resistance gene (nptl l), and

a pUC origin of replication.



33. The lentiviral transfer vector of claim 3 1 or 32, wherein said post-transcriptional regulatory element

comprises a woodchuck hepatitis virus PRE (WPRE) or a hepatitis B virus isolate bba6 PRE (HPRE).

34. The lentiviral transfer vector of any one of claims 3 1 to 33, wherein said heterologous nucleic acid

sequence encodes a chimeric antigen receptor (CAR).

35. The lentiviral transfer vector of claim 34, wherein said CAR comprises an anti-CD1 9 antibody or a

fragment thereof, a 4-1 BB (CD1 37) transmembrane domain, and a CD3-zeta signaling domain.

36. A host cell comprising the lentiviral transfer vector of any one of claims 1-35.

37. The host cell of claim 36, wherein said host cell is a 293T cell, a Jurkat T cell, or a primary human T

cell.

38. The host cell of claim 36 or 37, further comprising one or more lentiviral packaging vectors.

39. A composition comprising a lentiviral transfer vector of any one of claims 1-35 and one or more

packaging vectors.

40. A method of producing a lentivirus capable of expressing a heterologous nucleic acid sequence, said

method comprising :

(a) introducing into a cell :

(i) the lentiviral transfer vector of any one of claims 1-35, and

(ii) one or more lentiviral packaging vectors; and

(b) expressing viral proteins encoded by said lentiviral transfer vector and/or said packaging

vector in said cell, thereby producing a lentivirus comprising the heterologous nucleic acid sequence of

said lentiviral transfer vector.

4 1 . The method of claim 40, wherein said cell is a 293T cell, a Jurkat T cell, or a primary human T cell.
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cytomegal ovi rus (CMV) promoter, (b) compri si ng a
polynucl eoti de encodi ng at l east a porti on of a gag protei n
that compri ses a mutated INSl i nhi bi tory sequence that
reduces restri cti on of nucl ear export of RNA rel ati ve t o
wi l d-type INSl , (c) not compri si ng a polynucl eoti de encodi ng
the INS2 , INS3 , and INS4 i nhi bi tory sequences of gag, and
(d) not compri si ng an SV40 ori gi n of repl i cati on and/or an
f l ori gi n of repl i cati on ; Host cel l compri si ng sai d
l enti v i ral transfer vector; Composi t i on compri si ng sai d
l enti v i ral transfer vector; Method of produci ng a l enti v i rus
capabl e of expressi ng a heterol ogous nucl ei c aci d sequence,
sai d method compri si ng: (a) i ntroduci ng i nto a cel l : ( i ) sai d
l enti v i ral transfer vector, and(i i ) one or more l enti v i ral
packagi ng vectors ; and (b) expressi ng v i ral protei ns encoded
by sai d l enti v i ral transfer vector and/or sai d packagi ng
vector i n sai d eel 1.

2-18. cl aims : 31-41 (parti al ly)

Lenti v i ral transfer vector compri si ng, from 5 ' t o 3 ' , one or
more of the el ements l i sted bel ow i n operabl e associ ati on ;
Host cel l compri si ng sai d l enti v i ral transfer vector;
Composi t i on compri si ng sai d l enti v i ral transfer vector;
Method of produci ng a l enti v i rus capabl e of expressi ng a
heterol ogous nucl ei c aci d sequence, sai d method
compri si ng: (a) i ntroduci ng i nto a cel l : ( i ) sai d l enti v i ral
transfer vector, and(i i ) one or more l enti v i ral packagi ng
vectors ; and (b) expressi ng v i ral protei ns encoded by sai d
l enti v i ral transfer vector and/or sai d packagi ng vector i n
sai d eel 1;
where each l enti v i ral transfer vector compri si ng a si ngl e
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Invent on a CMV promoter
Invent on an LTR R regi on
Invent on an LTR U5 regi on
Invent on a primer bi ndi ng si t e (PBS)
Invent on a packagi ng si gnal (psi ) compri si ng a major
spl i ce donor si t e (SD)
Invent on 7 a parti al gag sequence
Invent on 8 a parti al env sequence
Invent on 9 a Rev-response el ement (RRE)
Inventi on 10 : a parti al env sequence compri si ng spl i ce
acceptor si t e (SA7)
Inventi on 11 : a central polypuri ne tract (cPPT) compri si ng
a spl i ce acceptor si t e (SA1)
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Invent on 12 an EFla promoter
Invent on 13 a gene encodi ng EGFP

Invent on 14 a heterol ogous nucl ei c aci d sequence
Invent on 15 a post-transcri pti onal regul atory el ement
Invent on 16 an SV40 polyA tai l
Invent! on 17 a kanamyci n resi stance gene (nptl l )
Inventi on 18 a pUC ori gi n of repl i cati on .
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