
METHOD AND COMPOSITIONS FOR CELLULAR IMMUNOTHEFtAPY 

RELATED APPLICATIONS 

100011 	The present application claims the benefit of priority to U.S. Provisional 

Patent Application No. 61/977,751, filed April 	10, 2014, U.S. Provisional Patent 

Application No. 61/986,479, filed April 30, 2014, U.S. Provisional Patent Application 

No. 62/058,973, 	filed 	October 	2, 	2014, 	U.S. 	Provisional 	Patent 	Application 

No. 62/088,363, filed December 5, 2014, U.S. Provisional Patent Application No. 

62/089,730 filed December 9, 2014, and U.S. Provisional Patent Application No. 

62/090,845, filed December 11, 2014. The entire disclosures of the aforementioned 

applications are expressly incorporated by reference in their entireties. 

REFERENCE TO SEQUENCE LISTING 

[0002] 	The present application is being filed along with a Sequence Listing in 

electronic 	format. 	The 	Sequence 	Listing 	is 	provided 	as 	a 	file 	entitled 	SCRI- 

065W0 SEQUENCE_LISTING.TXT, created April 1, 2014, which is 114kb in size. The 

information in the electronic format of the Sequence Listing is incorporated herein by 

reference in its entirety. 

FIELD OF THE INVENTION 

[0003] 	The present application relates to the field of biomedicine and 

specifically methods and compositions for use in cellular immunotherapy, including those 

useful for cancer therapy. In particular, alternatives of the invention relate to methods and 

compositions for carrying out cellular immunotherapy comprising T cells modified with 

tumor targeting receptors. 

BACKGROUND OF THE INVENTION 
100041 	Approaches to cancer immunotherapy, whereby T cells are genetically 

modified to express synthetic chimeric antigen receptors (CARs), are the subject of 

considerable early phase human clinical trials. Whereas dramatic anti-tumor potency is 

observed in patients treated with CD19-specific or CD19-targeting CAR T cells for B cell 
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lineage malignancies, such as acute lyrnphoblastic leukemia and non-Hodgkin lymphomas, 

the challenges to achieve similar responses in patients harboring solid tumors are 

considerable. At present, the development and clinical testing of CAR redirected T cell 

adoptive therapy in cancer patients is largely empiric and constrained by a variety of 

technical parameters that impact feasibility of executing clinical phase I trials involving 

heavily pretreated patients with bulky refractory tumors. Two parameters related to cell 

products that can be defined with greater precision are T lymphocyte subset composition 

and the tuning of CAR signaling for functional outputs that maximize their anti-tumor 

activity. In some alternatives, the therapeutic activity of CAR-expressing central memory T 

cells has been examined and shown that a stable antigen-experienced component of the T 

cell repertoire having stem cell like features has the capacity to repopulate long lived 

functional memory niches following adoptive transfer. Anti-CD19 CAR-expressing cells 

have been produced, following enrichment for CD45RWCD62L+  Tem  cells using 

immunomagnetic selection, and assessed in the clinic. 

10005] 	Moving beyond the targeting of CD19 expressing B cell malignancies, a 

challenge for the field can be identifying and vetting of cell surface target molecules on 

tumor cells that are amenable to CAR T cell recognition with tolerable "on" target "off' 

tumor reactivity. Once identified, however, approaches to tune new CARs for signaling 

outputs that are compatible with CD4 and CD8 T cell activation have not been entirely 

satisfactory. Parameters that are generally perceived as central to CAR development are the 

affinity of the target molecule CAR antigen binding domain, typically but not exclusively 

an antibody scFv, and the signaling modules of the cytoplasmic domain. 

PON] 	There is a need to identify methods for determining elements of 

chimeric receptor design that are important for therapeutic activity, and to enhance or 

improve chimeric receptors for targeting specific antigens, and cell populations to 

genetically modify and adoptively transfer that provide enhanced survival and efficacy in 

vivo. Among the provided alternatives are those addressing such needs. 

SUMMARY OF THE INVENTION 

NOV] 	Despite the therapeutic efficacy of chimeric antigen receptor (CAR) 

redirected T cell immunotherapy in leukemia and lymphoma patients, methods and 

compositions are needed to achieve similar clinical responses in solid tumors. CAR 
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development can in some cases be biased towards selecting constructs that elicit the 

highest magnitude of T cell functional outputs, for example, based on in vitro readouts. 

Different CAR extracellular spacers and cytoplasmic signaling domain variants can be 

combined to tune the magnitude of CD8+ cn, activation for tumor cell cytolysis and 

cytokine secretion. In studies described herein, CAR constructs that displayed the highest 

activity in such in vitro assays also displayed the lowest anti-tumor activity in vivo, 

whereas CARS tuned for moderate signaling potency mediated tumor inactivation and/or 

eradication. It was observed that recursive CAR triggering can have rendered CTLs 

expressing hyperactive CARs highly susceptible to activation induced cell death (AICD) 

possibly as a result of augmented FasL expression. CAR tuning using combinations of 

extracellular spacers and cytoplasmic signaling modules, e.g., by varying properties of 

such portions independently, in order to limit AICD, can promote enhanced or improved 

clinical activity against solid tumors. Described herein are impacts of features of the 

extracellular spacer joining the antigen binding and transmembrane domains, such as 

length of the spacer, in contributing to CAR T cell performance. In some alternatives, CAR 

spacers are selected in order to adjust and/or enhance or improve the biophysical synapse 

distance between the CAR-expressing cell, e.g., T cell, and targeted cell, e.g., tumor cell, 

for example, to achieve a synapse distance compatible with and/or optimal for immune 

cell, e.g.. T cell, activation. 

100081 	The alternatives described herein relate to the respective contributions 

of both extracellular spacer length and cytoplasmic signaling moiety selection on the 

performance of a CAR that can target and/or is specific for a tumor selective epitope on 

CD171 (L1-CAM) that is recognized by monoclonal antibody CE7 and has been tested as a 

first generation CAR in a clinical pilot study. Using in vitro functional assays for CAR 

redirected effector potency, a quantitative hierarchy of effector outputs based on spacer 

dimension in the context of second and third generation cytoplasmic signaling domains 

was observed. In one alternative, a striking discordance in CAR '1' cell performance in vitro 

versus in vivo due to activation induced cell death (AICD) of the most functionally potent 

CAR formats was shown. These alternatives reveal clinically relevant parameters for 

inspection in the development of CAR T cell immunotherapy for solid tumors. Given that 

each new scFv and target molecule defines a unique distance from the tumor cell plasma 
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membrane, the adjustment of CAR spacers are unique to each construct and derive via 

empiric testing of libraries of spacer length variants. 

[0009] 	In 	one 	aspect, 	the 	present 	disclosure 	relates 	to 	methods 	and 

compositions to 	confer and/or augment 	immune responses mediated by cellular 

immunotherapy, such as by adoptively transferring tumor-specific, genetically modified 

populations of immune cells, such as genetically modified subsets of CD8+ or CD4+ T 

cells alone, or in combination. The disclosure provides for chimeric receptor nucleic acids, 

and vectors and host cells including such nucleic acids, as well as chimeric receptors 

encoded thereby. The nucleic acid sequence that encodes such a chimeric receptor 

generally links together a number of modular components that can be excised and replaced 

with other components in order to customize a chimeric receptor that can target and/or is 

specific for efficient cell activation and recognition of a specific target molecule or an 

epitope on the target molecule. 

[0010] 	Adoptive immunotherapy using chimeric antigen receptor (CAR) 

expressing cells can be useful for treating, ameliorating, and/or inhibiting proliferation of a 

cancer. In some alternatives, a CAR directed to an epitope of the antigen CD171 (LI CAM) 

is used. Such CAR constructs are useful to treat, ameliorate, or inhibit any disease or 

disorder or malignancy in which cells express CD171. In some alternatives, the disease or 

disorder is a cancer or tumor that expresses CD171 (L1CAM). In some alternatives, the 

cancer that expresses CD171 is neuroblastoma (NB). CD171 is expressed in 100% of high 

risk NB. Other cancers that express CD171 include melanoma, cervical carcinoma, ovarian 

cancer, uterine carcinoma, pancreatic cancer, colon carcinoma, renal carcinoma, and 

glioblastoma. 

[0011] 	CD171, also known as L1CAM, is a 200-kDa transmembrane 

glycoprotcht It is a neuronal cell adhesion molecule involved in axon guidance and cell 

migration, with a strong implication in treatment-resistant cancer. CD171 belongs to the 

immunoglobulin superfamily of recognition molecules, and participates in heterophilic 

interactions with other adhesion molecules such as laminin, integrins, proteoglycans and 

CD24. In some alternatives, CD171 comprises, consists essentially of or consists of an 

epitope that is predominantly found on tumor cells. In some alternatives, the epitope is 

found on the extracellular domain of a glycosylated CD171 	and not found on 
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unglycosylated CD171. In some alternatives, the epitope is referred to as CE7 or the 

epitope recognized by the antibody deemed CE7. 

10012] 	Neuroblastoma is the most common extracranial solid tumor that arises 

during infancy. It is an embryonal malignancy of the sympathetic nervous system arising 

from neuroblasts (pluripotent sympathetic cells). In the developing embryo, these cells 

invaginate, migrate along the neuraxis, and populate the sympathetic ganglia, adrenal 

medulla, and other sites. The patterns of distribution of these cells correlate with the sites 

of primary neuroblastoma presentation. Age, stage, and biological features encountered in 

tumor cells are important prognostic factors and are used for risk stratification and 

treatment assignment. The differences in outcome for patients with neuroblastoma are 

striking. Patients with low-risk and intermediate-risk neuroblastoma have excellent 

prognosis and outcome. However, those with high-risk disease continue to have very poor 

outcomes despite intensive therapy. Unfortunately, approximately 70-80% of patients older 

than 18 months present with metastatic disease, usually in the lymph nodes, liver, bone, 

and bone marrow. Less than half of these patients are cured, even with the use of high-dose 

therapy followed by autologous bone marrow or stem cell rescue. Thus, the CAR 

transduced lymphocytes described herein are useful in the treatment, amelioration, or 

inhibition of neuroblastoma in subjects. 

10013] 	In some alternatives, a CAR directed to CD171 comprises components 

that enhance the in vivo activity and/or survival and/or persistence of the CAR or cells 

expressing the same. In some alternatives, a ligand binding domain comprises an antibody 

or antigen binding fragment, which specifically binds and/or targets an epitope of CD171, 

such as one found more often on tumor cells than healthy cells. In other alternatives, a 

spacer region is included, which is a short extracellular spacer. In some alternatives, an 

intracellular signaling domain contains a single co-stimulatory domain and a single 

intracellular signaling domain, and excludes other signaling domains. 

10014] 	Some alternatives relate to a chimeric receptor nucleic acid that 

comprises a polynucleotide coding for a ligand binding domain, and/or chimeric receptors 

encoded by the same, wherein the ligand is a molecule expressed on cancer or tumor cells, 

a 	polynucleotide 	encoding 	a 	polypeptide 	spacer, 	a 	polynucleotide 	encoding 	a 

transrnembrane domain; and a polynucleotide encoding an intracellular signaling domain. 

In some alternatives, the spacer joins or is found between the ligand binding domain and 
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the transmembrane domain. In some alternatives, the polypeptide spacer comprises a hinge 

region, such as a hinge region from an antibody molecule, such as a hinge region 

containing an amino acid sequence X1PPX2P. Such a hinge region may be linked to other 

amino acid sequences, including one or more constant regions of an antibody, including 

but not limited to CH2 and CH3 regions, e.g., CH3 only sequences, of the Ig Fc. It has 

been surprisingly found that the length of the spacer region can be customized for 

individual target molecules, for better tumor or target cell recognition and/or effector 

function and/or persistence of cells expressing the receptor, especially in vivo. 

[0015] 	In some alternatives, the length of the spacer is less than or is at 229, 

200, 150, 120, 119, 100, 50, 40, 30, 20, 19, 18, 17, 16, 15, 14, 13, or 12 amino acids in 

length (but not less than 2 or 1 amino acids in length) or a length within a range defined by 

any two of the aforementioned lengths. In some alternatives, the spacer length is at 15 or at 

12 amino acids in length. In some alternatives, the spacer length is short, intermediate (also 

referred to herein as "medium"), or long. In some alternatives, the short, intermediate, or 

long spacer is the short, intermediate, or long spacer as shown in Tables 7 and 8. 

[0016] 	In some alternatives, the length of the linker is determined or influenced 

by the distance of the epitope of the antigen to which the chimeric receptor binds, relative 

to the surface plasma membrane of the cell being targeted, such as the tumor cell. 

[0017] 	In 	some 	alternatives, 	a 	CAR directed 	to CD171 	comprises 	a 

polynucleotide encoding a short spacer region having 15 amino acids or less (but not less 

than l or 2 amino acids), such as 15, 14, 13, or 12 amino acids, or 15, 14, 13, 12, 11, 10, 9, 

8, 7, 6, 5, 4, 3, or 2 amino acids or a length within a range defined by any two of the 

aforementioned lengths. In some alternatives, the short spacer comprises, consists 

essentially of, or consists of an amino acid sequence of X1 PPX2P. In some alternatives, a 

CAR directed to an epitope of CD171 recognized by CE7, or an epitope having a similar 

distance on CD171 with respect to the surface plasma membrane, comprises a spacer 

region less than 100, 50, 40, 20, 15, or 12 amino acids in length, such as a short spacer 

region having 15 amino acids or less (but not less than 1 or 2 amino acids), such as 15, 14, 

13, or 12 amino acids, or 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 amino acids or a length within a 

range defined by any two of the aforementioned lengths. 

[0018] 	Another aspect of the disclosure provides an isolated chimeric receptor 

nucleic acid comprising: a polynucleotide coding for a ligand binding domain, wherein the 
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ligand is a tumor specific antigen, or any other molecule expressed on a target cell 

population that is suitable to mediate recognition, inactivation and/or elimination by a 

lymphocyte; a polynucleotide coding for a polypeptide spacer, wherein the polypeptide 

spacer is of a customized length, wherein the spacer is optimized; a polynucleotide coding 

for a transmembrane domain; and a polynucleotide coding for one or more intracellular 

signaling domains. The disclosure includes expression vectors and host cells comprising 

the isolated chimeric receptor as described herein, as well. In some alternatives, the spacer 

is optimized for increased T cell proliferation and/or cytokine production in response to the 

ligand as compared to a reference chimeric receptor. In some alternatives, the host cell is a 

precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. 

10019] 	Another 	aspect 	of the 	disclosure 	provides 	a chimeric 	receptor 

polypeptide comprising a ligand binding domain, wherein the ligand is a tumor specific 

antigen or any other molecule that is expressed on a target cell population and can be 

targeted to mediate recognition and elimination by lymphocytes; a polypeptide spacer 

wherein the polypeptide spacer is 15 amino acids or less (but not less than 1 or 2 amino 

acids), such as 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 amino acids or a length within 

a range defined by any two of the aforementioned lengths; a transmembrane domain; and 

one or more intracellular signaling domains. In some alternatives, the polypeptide spacer 

comprises a hinge region containing the amino acid sequence Xi  PPX2P. 

100201 	In another aspect, the present disclosure provides compositions to 

confer and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring 	tumor-specific, 	subset 	specific 	genetically modified 	CD4+ 

expressing T cells, wherein the CD4+ expressing T cells confer and/or augment the ability 

of CD8+ expressing T cells to sustain anti-tumor reactivity and increase and/or maximize 

tumor-specific proliferation. In some alternatives, the CD4+ expressing T cells are 

genetically modified to express a chimeric receptor nucleic acid and/or chimeric receptor 

polypeptide, as described herein. 

10021] 	In another aspect, the present disclosure provides compositions to 

confer and/or augment immune responses mediated by cellular immunotherapy, such as by 

adoptively transferring 	tumor-specific, 	subset 	specific 	genetically modified 	CD8+ 

expressing T cells. In some alternatives, the CD8+ expressing T cells express a chimeric 

receptor nucleic acid and/or chimeric receptor polypeptide, as described herein. 
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(0022] 	In another alternative, aspects of the present invention provide an 

adoptive cellular immunotherapy composition having a genetically modified CD8+ 

expressing cytotoxic T lymphocyte cell preparation to confer and/or augment immune 

responses, wherein the cytotoxic T lymphocyte cell preparation comprises CD8+ 

expressing T cells that express a chimeric receptor comprising a ligand binding domain for 

a ligand associated with the disease or disorder, a customized spacer region, a 

transmembrane domain; and an intracellular signaling domain of a T cell or other 

receptors, such as a co-stimulatory domain, and/or a genetically modified helper T 

lymphocyte cell preparation, wherein the helper T lymphocyte cell preparation has CD4+ 

expressing T cells that express a chimeric receptor comprising an antibody variable 

domain that can target and/or is specific for the ligand associated with the disease or 

disorder, a customized spacer region, a transmembrane domain; and one or more 

i ntracellular signaling domains. 

[0023] 	In some alternatives, the present disclosure provides a method of 

treating, ameliorating, or inhibiting a cancer, such as NB, in a patient, a method of 

inhibiting or delaying progression and/or metastasis of a cancer, such as NB, in a patient, a 

method of inhibiting or reducing the presence of a tumor or cancer cell, such as NB, in a 

patient, and/or a method of inhibiting or reducing a target population of CD171 expressing 

cells in a patient in need thereof. Such methods involve administering to said subject or 

said patient a genetically modified cytotoxic T lymphocyte cell preparation that provides a 

cellular immune response, wherein the cytotoxic I lymphocyte cell preparation comprises 

CD8+ expressing T cells that have a chimeric receptor encoded by a polynucleotide coding 

for a ligand binding domain, wherein the ligand is a tumor specific antigen, or any other 

molecule expressed on a target cell population (e.g., CD171) that is suitable to mediate 

recognition and elimination by a lymphocyte; a polynucleotide coding for a polypeptide 

spacer, wherein the polypeptide spacer is of a customized length, wherein 	the spacer 

provides for enhanced T cell proliferation, enhanced in vivo cellular activities and/or 

cytokine production (e.g., in vivo) as compared to a reference chimeric receptor; a 

polynucleotide coding for a transmembrane domain; and a polynucleotide coding for one 

or more intracellular signaling domains. 

(00241 	In some alternatives, the ligand binding domain is an extracellular 

antibody variable domain that can target and/or is specific for a ligand associated with the 
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disease or disorder. An alternative includes a genetically modified helper T lymphocyte 

cell preparation, wherein the helper T lymphocyte cell preparation comprises CD4+ 

expressing T cells that have a chimeric receptor comprising an a polynucleotide coding for 

a ligand binding domain, wherein the ligand is a tumor specific antigen or a tumor 

targeting antigen, 	or any other molecule expressed on a target cell population that is 

suitable to mediate recognition and elimination by a lymphocyte; a polynucleotide coding 

for a polypeptide spacer, wherein the polypeptide spacer is of a customized length, wherein 

the spacer provides for enhanced T cell proliferation, enhanced in vivo cellular activities 

and/or cytokine production as compared to a reference chimeric receptor; a polynucleotide 

coding for a transmembrane domain; and a polynucleotide coding for one or more 

intracellular signaling domains. In some alternatives, a ligand binding domain comprises 

an antibody or antigen binding fragment thereof, which can target and/or specifically bind 

an epitope of CD171 more often found on tumor cells rather than healthy cells. In other 

alternatives, a spacer region comprises a short extracellular spacer. In some alternatives, a 

signaling domain contains a single signaling domain and excludes other signaling domains. 

10025] 	in some alternatives, the genetically modified CD8+ and genetically 

modified CD4+ expressing T cell populations are co-administered. In some alternatives, 

the T cells are autologous or allogeneic T cells. Various modifications of the methods 

described herein are possible. For example, the chimeric receptor that is expressed by the 

CD4+ expressing T cell and the CD8+ expressing T cell can be the same or different. 

10026] 	Another alternative relates to a method of manufacturing an adoptive 

immunotherapy composition by obtaining a chimeric receptor modified tumor-specific or 

tumor-targeting 	CD8+ expressing cytotoxic T lymphocyte cell preparation that elicits a 

cellular immune response and expresses an antigen-reactive chimeric receptor, wherein the 

modified cytotoxic T lymphocyte cell preparation comprises CD8+ expressing T cells that 

have a chimeric receptor comprising a ligand binding domain, wherein the ligand is a 

tumor specific antigen or tumor targeting antigen, or any other molecule expressed on a 

target cell population that is suitable to mediate recognition and elimination by a 

lymphocyte; a polypeptide spacer, wherein the polypeptide spacer is of a customized 

length, wherein the spacer provides for enhanced T cell proliferation, enhanced in vivo 

cellular activities and/or cytokine production, as compared to a reference chimeric 

receptor; a transmembrane domain; and 	one or more 	intracellular signaling domains; 
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and/or obtaining a modified nave or memory CD4+ expressing T helper cell, wherein the 

modified helper T lymphocyte cell preparation comprises CD4+ expressing cells that have 

a chimeric receptor comprising a ligand binding domain, wherein the ligand is a tumor 

specific antigen or a tumor targeting antigen, or any other molecule expressed on a target 

cell population that is suitable to mediate recognition and elimination by a lymphocyte; a 

polypeptide spacer, wherein the polypeptide spacer is of a customized length, wherein the 

spacer is optimized; a transmembrane domain; and one or more intracellular signaling 

domains. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. In some alternatives, a ligand binding domain comprises an antibody or antigen 

binding fragment, which specifically binds and/or targets an epitope of CD171 more often 

found on tumor cells rather than healthy cells. In other alternatives, a spacer region 

comprises a short extracellular spacer, which can be 15 amino acids or less (but not less 

than 1 or 2 amino acids), such as 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 amino acids 

or a length within a range defined by any two of the aforementioned lengths. In some 

alternatives, a signaling domain contains a single signaling domain and excludes other 

signaling domains. 

100271 	Some alternatives also relate to a nucleic acid encoding a chimeric 

receptor. In some alternatives, said nucleic acid comprises: a) a polynucleotide coding for a 

ligand binding domain, wherein the ligand binding domain binds to and/or targets CD171, 

b) a polynucleotide coding for a polypeptide spacer interposed between the ligand binding 

domain and a transmembrane domain, c) a polynucleotide coding for the transmembrane 

domain, and d) a polynucleotide coding for an intracellular signaling domain, wherein 

expression of the chimeric receptor in a population of immune cells results in increased 

survival and/or persistence of the immune cells over time, following encounter with 

CD171 and/or an increase in therapeutic efficacy, upon administration to a subject having a 

CD171-expressing tumor, said increase being relative to expression of said reference 

chimeric receptor having a longer polypeptide spacer. In some alternatives, the increased 

survival and/or persistence over time comprises a relative reduction in antigen-induced cell 

death as measured in an in vitro stress test assay, comprising exposing the cells expressing 

said chimeric receptor to cells expressing CD171 over multiple, successive rounds and/or 

the increased survival and/or persistence over time comprises an increase in persistence of 
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the cells in vivo following administration to a subject having a CD171-expressing tumor 

and/or said longer polypeptide spacer is at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 times greater in 

length. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer is less than or equal to 200, 150, 100, 50, or 20 amino acids 

in length (but not less than 1 or 2 amino acids) or a length within a range defined by any 

two of the aforementioned lengths. 

!00281 	Some alternatives relate to a chimeric receptor nucleic acid, wherein the 

chimeric receptor nucleic acid comprises: a) a polynucleotide coding for a ligand binding 

domain, which ligand binding domain specifically binds to and/or targets 	CD171, b) a 

polynucleotide coding for a polypeptide spacer of less than 100 amino acids in length (but 

not less than 1 or 2 amino acids), which spacer joins the ligand binding domain and a 

transmembrane domain of the chimeric receptor, c) 	a polynucleotide coding for the 

transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of XI  PPX2P, in which Xi  and X2, independently, are 

any amino acid. In some alternatives, X1  and/or X2  is cysteine. In some alternatives, the 

spacer is less than 15 amino acids in length (but not less than 1 or 2 amino acids). In some 

alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO: 

17), 	ERKCCVECPPCP 	(SEQ 	ID 	NO: 	18), 	ELKTPLGDTHTCPRCP 

(EPKSCDTPPPCPRCP)3 	(SEQ ID NO: 19), ESKYGPPCPSCP (SEQ ID NO: 20), 

ESKYGPPCPPCP (SEQ ID NO: 21), YGPPCPPCP (SEQ ID NO: 51), KYGPPCPPCP 

(SEQ ID NO: 52), or EVVKYGPPCPPCP (SEQ lD NO: 53). In some alternatives, the 

spacer consists of or consists essentially of ESKYGPPCPSCP (SEQ ID NO: 20), 

ESKYGPPCPPCP (SEQ ID NO: 21), YGPPCPPCP (SEQ ID NO: 51), KYGPPCPPCP 

(SEQ ID NO: 52), or EVVKYGPPCPPCP (SEQ ID NO: 53). In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 
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40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, and NKG2C, B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the intracellular signaling domain 

does not further comprise an intracellular portion of another costimulatory molecule and/or 

wherein the intracellular signaling domain does not comprise an intracellular signaling 

portion of a molecule selected from the group consisting of CD27, CD28, OX-40, CD30, 

CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of 

CD28. In some alternatives, the chimeric receptor nucleic acid further comprises a nucleic 

acid that codes for a marker sequence. 

10029] 	In some alternatives, a chimeric receptor nucleic acid is provided, 

wherein the chimeric receptor nucleic acid comprises a) 	a polynucleotide coding for a 

ligand binding domain, wherein the ligand binding domain binds to and/or targets CD171, 

b) a polynucleotide coding for a polypeptide spacer of a length, wherein the spacer is 

optimized, c) a polynucleotide coding for a transmembrane domain and d) 	a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. 	In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of X1 PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. 

10030] 	In some alternatives, a chimeric receptor polypeptide is provided, 

wherein the chimeric receptor polypeptide is coded for by a chimeric receptor nucleic acid. 

In some alternatives, the chimeric receptor nucleic acid comprises a) 	a 

polynucleotide coding for a ligand binding domain, wherein the ligand binding domain 

binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide spacer of a 
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length. wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane 

domain and d) 	a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

ligand binding domain is single chain variable fragment. In some alternatives, the spacer is 

15 amino acids or less (but not less than 1 or 2 amino acids). In some alternatives, the 

spacer comprises an amino acid sequence of X1 PPX2P. In some alternatives, the spacer 

region comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. 

[0031] 	In some alternatives, an expression vector comprising an isolated 

chimeric receptor nucleic acid is provided. 	In some alternatives, the chimeric receptor 

nucleic acid comprises a) a polynucleotide coding for a ligand binding domain, wherein the 

ligand binding domain binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of a length, wherein the spacer is optimized, c) a polynucleotide coding 

for a transmembrane domain and d) 	a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, 1COS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. 

13 



10032] 	In some alternatives, a host cell comprising an expression vector is 

provided. In some alternatives, the expression vector comprises an isolated chimeric 

receptor nucleic acid. In some alternatives, the chimeric receptor nucleic acid comprises a) 

a polynucleotide coding for a ligand binding domain, wherein the ligand binding domain 

binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide spacer of a 

length, wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane 

domain and d) 	a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

ligand binding domain is single chain variable fragment. In some alternatives, the spacer is 

15 amino acids or less (but not less than 1 or 2 amino acids). In some alternatives, the 

spacer comprises an amino acid sequence of X1PPX2P. In some alternatives, the spacer 

region comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30. CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. 	In some alternatives, 

the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of 

naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, and 

CD8+. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of nave CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ '1' cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the CD4+ helper lymphocyte cell is a naive CD4+ T cell, 

wherein the naïve CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ 	and 

negative for CD45RO. In some alternatives, the host cell is a precursor T cell. In some 

alternatives, the host cell is a hematopoietic stem cell. 

14 



[00331 	In some alternatives, a composition comprising a host cell in a 

pharmaceutically acceptable excipient is provided. 	In some alternatives, the host cell 

comprises an expression vector. In some alternatives, the expression vector comprises an 

isolated chimeric receptor nucleic. In some alternatives, the chimeric receptor nucleic acid 

comprises a) a polynucleotide coding for a ligand binding domain, wherein the ligand 

binding domain binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of a length, wherein the spacer is optimized, c) a polynucleotide coding 

for a transmembrane domain and d) 	a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1 PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. 	In some alternatives. the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell wherein the central memory T cell 

is positive for CD45RO+, CD62L+, and CD8+. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the host cell is a CD4+ 1' helper lymphocyte cell is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the CD4+ helper 

lymphocyte cell is a naïve CD4+ T cell, wherein the naïve CD4+ T cell is positive for 

CD45RA+, CD62L+ and CD4+ and negative for CD45RO. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. In 
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some alternatives, the composition comprises a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naive CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells or a central memory T cell wherein 

the central memory T cell is positive for CD45RO+, CD62L+, and CD8+ and another host 

cell wherein the host cell is a central memory T cell wherein the central memory T cell is 

positive for CD45RO+, CD62L+, and CD8+ or a CD4+ T helper lymphocyte cell is 

selected from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, 

effector memory CD4+ T cells, and bulk CD4+ T cells or a naive CD4+ T cell, wherein the 

naive CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ and negative for 

CD45RO. 

10034] 	In some alternatives, a method for preparing a host cell is provided 

wherein the method comprises a) providing a library of nucleic acids coding for a chimeric 

receptor, wherein each of the plurality of nucleic acids code for a chimeric receptor that 

differs in length, b) introducing each of the plurality of the nucleic acids into a separate 

isolated T lymphocyte population and expanding each T lymphocyte population in vitro. c) 

administering each genetically modified T lymphocyte population into an animal model 

bearing a tumor and determining whether a genetically modified T lymphocyte population 

has anti-tumor efficacy and 	d) selecting a nucleic acid coding for the chimeric receptor 

that provides for anti-tumor efficacy. In some alternatives, the host cell comprises an 

expression vector. In some alternatives, the expression vector comprises an isolated 

chimeric receptor nucleic. 	In some alternatives, the chimeric receptor nucleic acid 

comprises a) a polynucleotide coding for a ligand binding domain, wherein the ligand 

binding domain binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of a length, wherein the spacer is optimized, c) a polynucleotide coding 

for a transmembrane domain and d) 	a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1 PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 
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CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1 BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. 	In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naive CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell wherein the central memory T cell 

is positive for CD45RO+, CD62L+, and CD8+. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the CD4+ helper 

lymphocyte cell is a naive CD4+ T cell, wherein the naive CD4+ T cell is positive for 

CD45RA+, CD62L+ and CD4+ and negative for CD45RO. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stein cell. In 

some alternatives, the chimeric receptor nucleic acid comprises a) a polynucleotide coding 

for a ligand binding domain, wherein the ligand binding domain binds to and/or targets 

CD171, b) a polynucleotide coding for a polypeptide spacer of a length, wherein the spacer 

is optimized, c) a polynucleotide coding for a transmembrane domain and d) 	a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of X1 PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 
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further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

method further comprises introducing the selected nucleic acid coding for the chimeric 

receptor into a host cell. 

100351 	In some alternatives, a method for preparing a host cell of any one of 

claims is provided, wherein the method comprises a) 	introducing a nucleic acid or 

an expression vector into a lymphocyte population that has a CD45RA-, CD45RO+, and 

CD62L+ phenotype and b) 	culturing the cells in the presence of anti-CD3 and/or anti 

CD28, and at least one homeostatic cytokine until the cells expand sufficiently for use as a 

cell infusion. In some alternatives, the expression vector comprises an isolated chimeric 

receptor nucleic acid. In some alternatives, the chimeric receptor nucleic acid comprises a) 

a polynucleotide coding for a ligand binding domain, wherein the ligand binding domain 

binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide spacer of a 

length, wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane 

domain and d) 	a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

ligand binding domain is single chain variable fragment. In some alternatives, the spacer is 

15 amino acids or less (but not less than 1 or 2 amino acids). In some alternatives, the 

spacer comprises an amino acid sequence of X1 PPX2P. In some alternatives, the spacer 

region comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40. CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the host cell is a CD8+ T cytotoxic 

lymphocyte cell selected from the group consisting of naive CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells 	and 	bulk CD8+ T cells. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell is positive for CD45RO+, CD62L+, and CD8+. 	In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected from the group 

consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. 	In some alternatives, the host cell is a CD4+ T helper 

lymphocyte cell is selected from the group consisting of nave CD4+ T cells, central 
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memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some 

alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ T cell, wherein the naïve 

CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ and negative for CD45RO. 

In some alternatives, the host cell is a precursor T cell. In some alternatives, the host cell is 

a hematopoietic stern cell. In some alternatives, the chimeric receptor nucleic acid further 

comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

lymphocyte is CD8+ or CD4+. 

100361 	In some alternatives, a use of the host cell or a composition of claims is 

provided, wherein the use is for treatment of cancer or a solid tumor expressing CD171. In 

some alternatives, the host cell comprises an expression vector. In some alternatives, the 

expression vector comprises an isolated chimeric receptor nucleic acid. 	In some 

alternatives, the chimeric receptor nucleic acid comprises a) a polynucleotide coding for a 

ligand binding domain, wherein the ligand binding domain binds to and/or targets 03171, 

b) a polynucleotide coding for a polypeptide spacer of a length, wherein the spacer is 

optimized, c) a polynucleotide coding for a transmembrane domain and d) 	a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. 	In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of XJ PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40. CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. 	In some alternatives, 

the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of 

naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

hulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, and 

CD8+. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 
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from the group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naive CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ T cell, 

wherein the naive CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ and 

negative for CD45RO. In some alternatives, the host cell is a precursor T cell. In some 

alternatives, the host cell is a hematopoietic stem cell. 	In some alternatives, the 

composition comprises a host cell in a pharmaceutically acceptable excipient is provided. 

In some alternatives, the host cell comprises an expression vector. In some alternatives, the 

expression vector comprises an isolated chimeric receptor nucleic. 	hi some alternatives, 

the chimeric receptor nucleic acid comprises a) a polynucleotide coding for a ligand 

binding domain, wherein the ligand binding domain binds to and/or targets CD171, b) a 

polynucleotide coding for a polypeptide spacer of a length, wherein the spacer is 

optimized, c) a polynucleotide coding for a transmembrane domain and d) 	a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of XI PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1 , CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, 

the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of 

naive CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45R0+, CD62L+, and 

CD8+. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 
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from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naive CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the CD4+ helper lymphocyte cell is a naive CD4+ I cell, 

wherein the naive CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ and 

negative for CD45RO. In some alternatives, the host cell is a precursor T cell. In some 

alternatives, the host cell is a hematopoietic stem cell. In some alternatives, the 

composition comprises a CD8+ T cytotoxic lymphocyte cell 	selected from the group 

consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or a central memory T cell wherein the central memory T 

cell is positive for CD45RO+, CD62L+, and CD8+ and another host cell wherein the host 

cell is a central memory T cell, wherein the central memory T cell is positive for 

CD45RO+, CD62L+, and CD8+ or a CD4+ T helper lymphocyte cell is selected from the 

group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ T cells, and bulk CD4+ T cells or a naive CD4+ T cell, wherein the naïve CD4+ T 

cell is positive for CD45RA+, CD62L+ and CD4+ and negative for CD45RO. In some 

alternatives, the cancer is a neuroblastoma. In some alternatives, the solid tumor is selected 

from the group consisting of a breast cancer, brain cancer, colon cancer, renal cancer, 

pancreatic cancer, and ovarian cancer. 

10037] 	In some alternatives, a method of performing cellular immunotherapy in 

a subject having cancer or a tumor is provided, wherein the method comprises 

administering a composition or a host cell to the subject. In some alternatives, the host cell 

comprises an expression vector. In some alternatives, the expression vector comprises an 

isolated chimeric receptor nucleic acid. In some alternatives, the chimeric receptor nucleic 

acid comprises a) a polynucleotide coding for a ligand binding domain, wherein the ligand 

binding domain binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of a length, wherein the spacer is optimized, c) a polynucleotide coding 

for a transmembrane domain and d) 	a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 
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some alternatives, the spacer comprises an amino acid sequence of X1PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, !COS, I,FA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. 	In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of nave CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell wherein the central memory T cell 

is positive for CD45RO+, CD62L+, and CD8+. 	In some alternatives. the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of naive CD4+ T 

cells. central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ I cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the CD4+ helper 

lymphocyte cell is a naïve CD4+ 'F cell, wherein the naïve CD4+ T cell is positive for 

CD45RA+, CD62L+ and CD4+ and negative for CD45RO. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. In 

some alternatives, the composition comprises a host cell in a pharmaceutically acceptable 

excipient is provided. In some alternatives, the host cell comprises an expression vector. 

In some alternatives, the expression vector comprises an isolated chimeric receptor nucleic. 

In some alternatives, the chimeric receptor nucleic acid comprises a) a polynucleotide 

coding for a ligand binding domain, wherein the ligand binding domain binds to and/or 

targets CD171, b) a polynucleotide coding for a polypeptide spacer of a length, wherein the 

spacer is optimized, c) a polynucleotide coding for a transmembrane domain and d) 	a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (hut not less than 1 or 2 amino acids). In some alternatives, the spacer 
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comprises an amino acid sequence of X1PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, 1.,FA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, 

the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of 

naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, and 

CD8+. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of nave CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the host cell is a 

CD4+ T helper lymphocyte cell is selected from the group consisting of nave CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T 

cells. 	In some alternatives, the CD4+ helper lymphocyte cell is a nave CD4+ T cell, 

wherein the naïve CD4+ T cell is positive for CD45RA+, CD62L+ 	and CD4+ and 

negative for CD45RO. In some alternatives, the host cell is a precursor T cell. In some 

alternatives, the host cell is a hematopoietic stem cell. 	In some alternatives, the 

composition comprises a CD8+ T cytotoxic lymphocyte cell 	selected from the group 

consisting of nave CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or a central memory T cell wherein the central memory T 

cell is positive for CD45RO+, CD62L+, and CD8+ and another host cell wherein the host 

cell is a central memory T cell wherein the central memory T cell is positive for 

CD45RO+, CD62L+, and CD8+ or a CD4+ T helper lymphocyte cell is selected from the 

group consisting of nave CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ I cells, and bulk CD4+ T cells or a nave CD4+ T cell, wherein the nave CD4+ T 

cell is positive for CD45RA+, CD62L+ and CD4+ and negative for CD45RO. In some 

alternatives, the cancer is neuroblastoma. In some alternatives, the tumor is selected from 

the group consisting of a breast cancer, brain cancer, colon cancer, renal cancer, pancreatic 
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cancer, and ovarian cancer. In some alternatives, the spacer is optimized for increased T 

cell proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor. 

10038] 	Another alternative relates to a chimeric receptor polypeptide coded for 

by a chimeric receptor nucleic acid. In some alternatives, the chimeric receptor nucleic acid 

comprises: a) a polynucleotide coding for a ligand binding domain, which ligand binding 

domain specifically binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

X1PPX2P, in which X1  and X2, independently, are any amino acid. In some alternatives, Xi  

and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ II) 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA- I, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 
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domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD- I , ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the spacer provides for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. 

10039] 	Another alternative relates to an expression vector comprising a 

chimeric receptor nucleic acid. In some alternatives, the chimeric receptor nucleic acid 

comprises: a) a polynucleotide coding for a ligand binding domain, which ligand binding 

domain specifically binds to and/or targets 	CD171, b) a polynucleotide coding for a 

polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

X I PPX2P, in which Xi  and X2, independently, are any amino acid. In some alternatives, X1  

and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 
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NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1 BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the spacer provides for increased T cell proliferation and/or cytokine 

production in response to the ligand as compared to a reference chimeric receptor. 

100401 	In some alternatives, a host cell comprising an expression vector is 

provided. In some alternatives, the expression vector comprises a chimeric receptor nucleic 

acid. 	In 	some 	alternatives, 	the 	chimeric 	receptor 	nucleic 	acid 	comprises: 	a) 	a 

polynucleotide coding for a ligand binding domain, which ligand binding domain 

specifically binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide 

spacer of less than 100 amino acids in length (but not less than 1 or 2 amino acids), which 

spacer joins the ligand binding domain and a transmembrane domain of the chimeric 

receptor, c) 	a polynucleotide coding for the transmembrane domain of the chimeric 

receptor and a polynucleotide coding for an intracellular signaling domain of the chimeric 

receptor. In some alternatives, the spacer comprises an amino acid sequence of X1PPX2P, 

in which X, and X2, independently, are any amino acid. In some alternatives, X1  and/or X2 

is cysteine. In some alternatives, the spacer is less than 15 amino acids in length (but not 

less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 amino 

acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or consists 	essentially 	of 
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ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell is positive for CD45RO, CD62L and CD8. In some alternatives, the 

host cell is a CD4+ T helper lymphocyte cell is selected from the group consisting of naive 

CD4+ T cells, central memory CD4+ I cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ T 

cell, wherein the naive CD4+ T cell is positive for CD45RA, CD62L and/or CD4 and/or 

negative for CD45RO. In some alternatives, the spacer provides for increased 	T cell 

proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor. In some alternatives, the host cell is a precursor T cell. In 

some alternatives, the host cell is a hematopoietic stem cell. 

100411 	In some alternatives, a composition comprising host cells in provided. 

In some alternatives, the composition comprises host cells comprising an expression 

vector. In some alternatives, the host cell is a precursor T cell. In some alternatives, the 

host cell is a hematopoietic stem cell. In some alternatives, the expression vector 

comprises a chimeric receptor nucleic acid. In some alternatives, the chimeric receptor 

nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, which 

ligand binding domain specifically binds to and/or targets CDI 71, b) a polynucleotide 
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coding for a polypeptide spacer of less than 100 amino acids in length (but not less than 1 

or 2 amino acids), which spacer joins the ligand binding domain and a transmembrane 

domain of the chimeric receptor, c) 	a polynucleotide coding for the transmembrane 

domain of the chimeric receptor and a polynucleotide coding for an intracellular signaling 

domain of the chimeric receptor. In some alternatives, the spacer comprises an amino acid 

sequence of X1PPX2P, in which X1  and X2, independently, are any amino acid. In some 

alternatives, X1  and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino 

acids in length (but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 

13, 14, or 15 amino acids in length or a length within a range defined by any two of the 

aforementioned lengths. In some alternatives, the spacer region comprises a portion of a 

hinge region of a human antibody. In some alternatives, the spacer comprises, consists of, 

or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP 

(SEQ ID NO:18), ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  (SEQ ID NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives of the composition, the said host cells comprise a population of CD8+ cells 
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consisting essentially of, or having been enriched for naive CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In some alternatives, 

the said population of CD8+ cells consists essentially of or has been enriched for CD8+ 

central memory T cells positive for CD45RO, CD62L, and CD8. In some alternatives, said 

host cells comprise a population of CD4+ cells consisting essentially of or having been 

enriched for CD4+ T helper lymphocytes selected from the group consisting of naïve 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, said population of CD4+ cells consists essentially of or 

has been enriched for naive CD4+ T cells positive for CD45RA, CD62L, and CD4 and 

negative for CD45RO. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a 

central memory T cell wherein the central memory T cell is positive for CD45RO, CD62L, 

and CD8. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the CD4+ helper 

lymphocyte cell is a naive CD4+ T cell, wherein the naïve CD4+ T cell is positive for 

CD45RA, CD62L and/or CD4 and/or negative for CD45RO. In some alternatives, the host 

cell is a precursor I cell. In some alternatives, the host cell is a hematopoietic stern cell. 

[0042] 	In 	another 	alternative, 	a 	composition 	comprising 	host 	cell 	or 

composition of and a pharmaceutically acceptable excipient is provided. In some 

alternatives, the host cell comprises an expression vector. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. In 

some alternatives, the expression vector comprises a chimeric receptor nucleic acid. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, which ligand binding domain specifically binds to and/or 

targets CD171, b) a polynucleotidc coding for a polypeptide spacer of less than 100 amino 

acids in length (but not less than 1 or 2 amino acids), which spacer joins the ligand binding 

domain and a transmembrane domain of the chimeric receptor, c) a polynucleotide coding 

for the transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of X1 PPX2P, in which X1  and X2, independently, are 

any amino acid. In some alternatives, X1  and/or X2 is cysteine. In some alternatives, the 

spacer is less than 15 amino acids in length (but not less than 1 or 2 amino acids). In some 
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alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), 

ERKCCVF:CPPCP (SEQ ID NO:18), ELKTPI,GDTHTCPRCP (EPKSCDTPPPCPRCP)3  

(SEQ ID NO:19), ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP 	(SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the spacer consists of or 

consists essentially of ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the intracellular signaling 

domain comprises all of a portion of CD3 zeta in combination with a costimulatory 

domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30. CD40, 

PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations thereof. In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-1BB. In some alternatives, the intracellular signaling domain does not further 

comprise an intracellular portion of another costimulatory molecule and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of a 

molecule selected from the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of CD28. In some alternatives, 

the chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In 

some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell 

wherein the central memory T cell is positive for CD45RO, CD62L, and/or CD8. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected from the group 

consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a 

naive CD4+ T cell, wherein the naïve CD4+ T cell is positive for CD45RA, CD62L, 

and/or CD4 and/or negative for CD45RO. In some alternatives, the composition comprises 

host cells comprising an expression vector. In some alternatives, the expression vector 

comprises a chimeric receptor nucleic acid. In some alternatives, the chimeric receptor 
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nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, which 

ligand binding domain specifically binds to and/or targets 	CD171, b) a polynucleotide 

coding for a polypeptide spacer of less than 100 amino acids in length (but not less than 1 

or 2 amino acids), which spacer joins the ligand binding domain and a transmembrane 

domain of the chimeric receptor, c) 	a polynucleotide coding for the transmembrane 

domain of the chimeric receptor and a polynucleotide coding for an intracellular signaling 

domain of the chimeric receptor. In some alternatives, the spacer comprises an amino acid 

sequence of X1 PPX2P, in which Xi and X2, independently, are any amino acid. In some 

alternatives, X]  and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino 

acids in length (but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 

13. 14, or 15 amino acids in length or a length within a range defined by any two of the 

aforementioned lengths. In some alternatives, the spacer region comprises a portion of a 

hinge region of a human antibody. In some alternatives, the spacer comprises, consists of, 

or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP 

(SEQ ID NO:18), ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  (SEQ ID NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52). or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ 11) NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-I, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 
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some alternatives, the host cell is a CD8+ I cytotoxic lymphocyte cell. In some 

alternatives of the composition, the said host cells comprise a population of CD8+ cells 

consisting essentially of, or having been enriched for naïve CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In some alternatives, 

the said population of CD8+ cells consists essentially of or has been enriched for CD8+ 

central memory T cells positive for CD45RO, CD62L, and/or CD8. In some alternatives, 

said host cells comprise a population of CD4+ cells consisting essentially of or having 

been enriched for CD4+ T helper lymphocytes selected from the group consisting of naive 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, said population of CD4+ cells consists essentially of or 

has been enriched for naive CD4+ T cells positive for CD45RA, CD62L and/or CD4 

and/or negative for CD45RO. In some alternatives, the CD8+ cytotoxic T lymphocyte cell 

is a central memory T cell wherein the central memory T cell is positive for CD45RO, 

CD62L, and CD8. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is 

selected from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, 

effector memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the CD4+ 

helper lymphocyte cell is a naive CD4+ T cell, wherein the naïve CD4+ T cell is positive 

for CD45RA, CD62L and/or CD4 and/or negative for CD45RO. In some alternatives, the 

composition comprises a host cell wherein the host cell is a CD8+ T cytotoxic lymphocyte 

cell or the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell is positive for CD45RO, CD62L, and/or CD8, and another host cell 

wherein the host cell is a CD4+ T helper lymphocyte cell is selected from the group 

consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells or the CD4+ helper lymphocyte cell is a naive CD4+ T cell, 

wherein the naive CD4+ T cell is positive for CD45RA, CD62L and/or CD4 and/or 

negative for CD45RO. In some alternatives, the host cell is a precursor T cell. In some 

alternatives, the host cell is a hematopoietic stem cell. 

100431 	In another alternative, an in vitro method for preparing a host cell is 

provided. In some alternatives, the host cell comprises an expression vector. In some 

alternatives, the expression vector comprises a chimeric receptor nucleic acid. In some 

alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding for a 

ligand binding domain, which ligand binding domain specifically binds to and/or targets 
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CD171, b) a polynucleotide coding for a polypeptide spacer of less than 100 amino acids in 

length (but not less than 1 or 2 amino acids), which spacer joins the ligand binding domain 

and a transmembrane domain of the chimeric receptor, c) a polynucleotide coding for the 

transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of XI PPX2P, in which X1  and X2, independently, are 

any amino acid. In some alternatives, X1  and/or X2 is cysteine. In some alternatives, the 

spacer is less than 15 amino acids in length (but not less than 1 or 2 amino acids). In some 

alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), 

ERKCCVECPPCP (SEQ ID NO:18), ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  

(SEQ ID NO:19), ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP 	(SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:5l), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the spacer consists of or 

consists essentially of ESKYGPPCPSCP (SEQ ID NO: 20). ESKYGPPCPPCP (SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the intracellular signaling 

domain comprises all of a portion of CD3 zeta in combination with a costimulatory 

domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, 

PD-1, ICOS, LFA-1 , CD2, CD7, NKG2C, and B7-H3 or combinations thereof. In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-IBB. In some alternatives, the intracellular signaling domain does not further 

comprise an intracellular portion of another costimulatory molecule and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of a 

molecule selected from the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of CD28. In some alternatives, 

the chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In 

some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell 
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wherein the central memory T cell is positive for CD45RO, CD62L, and/or CD8. In some 

alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected from the group 

consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a 

naïve CD4+ T cell, wherein the nave CD4+ T cell is positive for CD45RA, CD62L and/or 

CD4 and/or negative for CD45RO. In some alternatives, the host cell is a CD8+ T 

cytotoxic lymphocyte cell. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a 

central memory T cell wherein the central memory T cell is positive for CD45RO, CD62L, 

and/or CD8. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is 

selected from the group consisting of nave CD4+ T cells, central memory CD4+ T cells, 

effector memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the CD4+ 

helper lymphocyte cell is a nave CD4+ T cell, wherein the nave CD4+ T cell is positive 

for CD45RA, CD62L and/or CD4 and/or negative for CD45RO. In some alternatives, the 

method comprises a) providing a library comprising a plurality of nucleic acids, each 

coding for a chimeric receptor, wherein each of a plurality of chimeric receptors coded by 

the plurality of nucleic acids differs in length, b) introducing each of the plurality of the 

nucleic acids into a separate lymphocyte population and expanding each T lymphocyte 

population in vitro, thereby generating a plurality of genetically modified T lymphocyte 

populations. c) administering each of the plurality of genetically modified T lymphocyte 

populations into an animal model bearing a tumor and has assessing a readout of anti-

tumor efficacy and d) selecting a nucleic acid coding for a chimeric receptor exhibiting 

anti-tumor efficacy in vitro and/or in an animal model. In some alternatives, the chimeric 

receptor nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, 

which ligand binding domain specifically binds to and/or targets 	CD171, b) a 

polynucleotide coding for a polypeptide spacer of less than 100 amino acids in length (but 

not less than 1 or 2 amino acids), which spacer joins the ligand binding domain and a 

transmembrane domain of the chimeric receptor, c) 	a polynucleotide coding for the 

transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of X1PPX2P, in which X1  and X2, independently, are 

any amino acid. In some alternatives, X1  and/or X2 is cysteine. In some alternatives, the 

spacer is less 15 amino acids in length (but not less than 1 or 2 amino acids). In some 
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alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), 

ERKCCVECPPCP (SEQ ID NO:18), ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  

(SEQ ID NO:19), ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP 	(SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the spacer consists of or 

consists essentially of ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the intracellular signaling 

domain comprises all of a portion of CD3 zeta in combination with a costimulatory 

domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, 

PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-113 or combinations thereof. In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-1BB. In some alternatives, the intracellular signaling domain does not further 

comprise an intracellular portion of another costimulatory molecule and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of a 

molecule selected from the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of CD28. In some alternatives, 

the chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the plurality of nucleic acids code for an expression vector. 

In some alternatives, the expression vector comprises a chimeric receptor nucleic acid. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, which ligand binding domain specifically binds to and/or 

targets CD171, b) a polynucleotide coding for a polypeptide spacer of less than 100 amino 

acids in length (but not less than 1 or 2 amino acids), which spacer joins the ligand binding 

domain and a transmembrane domain of the chimeric receptor, c) a polynucleotide coding 

for the transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of XI PPX2P, in which X1  and X2, independently, are 

35 



any amino acid. In some alternatives, X1  and/or X2 is cysteine. In some alternatives, the 

spacer is less than 15 amino acids in length (but not less than 1 or 2 amino acids). In some 

alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. in some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), 

ERKCCVECPPCP (SEQ ID NO:18), ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  

(SEQ ID NO:19), ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP 	(SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the spacer consists of or 

consists essentially of ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the intracellular signaling 

domain comprises all of a portion of CD3 zeta in combination with a costimulatory 

domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, 

PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations thereof. In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-1BB. In some alternatives, the intracellular signaling domain does not further 

comprise an intracellular portion of another costimulatory molecule and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of a 

molecule selected from the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of CD28. In some alternatives, 

the chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the method further comprises introducing the selected 

nucleic acid coding for the chimeric receptor into a host cell. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. 

100441 	In some alternatives, an in vitro method for selecting a chimeric 

receptor for targeting an antigen is provided, wherein the method comprises incubating 

each of a plurality of cell populations with donor cells expressing the antigen in a series of 

sequential recursive rounds, wherein the plurality of cell populations comprises nucleic 

acids encoding a plurality of chimeric receptors of varying lengths, each chimeric receptor 
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specifically binding to and/or targets 	the antigen and assessing expansion, activation, 

and/or survival of each of the plurality of cell populations, and selecting the chimeric 

receptor based on said assessment. In some alternatives, the series of sequential rounds 

comprises at least three rounds of incubation, wherein the cell populations are harvested 

between rounds. In some alternatives, the assessment is carried out by detecting survival or 

number or percentage of surviving cells of each population following the sequential rounds 

of incubation, wherein the selected chimeric receptor is expressed by a population for 

which survival or cell number or percentage is increased relative to another of the plurality 

of cell populations. In some alternatives, the cells of the populations and cells expressing 

the antigen are incubated at a ratio of 1:1 at the start of each round. In some alternatives, 

the chimeric receptors of varying lengths comprise spacers of different lengths, each spacer 

joining an antigen binding domain and a transmembrane domain of the chimeric receptor; 

and/or the chimeric receptors of varying lengths comprise chimeric receptors having 

varying numbers of intracellular costimulatory domains, each intracellular domain 

individually from a different natural costimulatory molecule. In some alternatives, the host 

cell is a precursor T cell. In some alternatives, the host cell is a hematopoietic stem cell. 

10045] 	In another alternatives, an in vitro method for preparing a host cell is 

provided, wherein the method comprises: introducing a nucleic acid, as set forth above, or 

an expression vector, as set forth above, into a lymphocyte population that has a CD45RA, 

CD45R0+, and/or CD62L+ phenotype and culturing the cells in the presence of anti-CD3 

and/or anti CD28, and at least one homeostatic cytokine until the cells expand sufficiently 

for use as a cell infusion. In some alternatives, the host cell comprises an expression 

vector, as set forth above. In some alternatives, the expression vector comprises a chimeric 

receptor nucleic acid, as set forth above. In some alternatives, the chimeric receptor nucleic 

acid comprises: a) a polynucleotide coding for a ligand binding domain, which ligand 

binding domain specifically binds to and/or targets CD171, b) a polynucleotide coding for 

a polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

X 1  PPX2P, in which X1  and X2, independently, are any amino acid. In some alternatives, X1  
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and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:5l), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell is positive for CD45RO, CD62L, and/or CD8. In some alternatives, 

the host cell is a CD4+ T helper lymphocyte cell is selected from the group consisting of 

naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and 

bulk CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ 

T cell, wherein the naïve CD4+ T cell is positive for CD45RA, CD62L, and/or CD4 and/or 

negative for CD45RO. In some alternatives, the chimeric receptor nucleic acid comprises: 
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a) a polynucleotide coding for a ligand binding domain, which ligand binding domain 

specifically binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide 

spacer of less than 100 amino acids in length (but not less than 1 or 2 amino acids), which 

spacer joins the ligand binding domain and a transmembrane domain of the chimeric 

receptor, c) 	a polynucleotide coding for the transmembrane domain of the chimeric 

receptor and a polynucleotide coding for an intracellular signaling domain of the chimeric 

receptor. In some alternatives, the spacer comprises an amino acid sequence of X1PPX2P, 

in which X1  and X2, independently, are any amino acid. In some alternatives, X1  and/or X2 

is cysteine. In some alternatives, the spacer is less than 15 amino acids in length (but not 

less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 amino 

acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	Ill 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 
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some alternatives, the lymphocyte is CD8+ or CD4+. In some alternatives, the host cell is a 

precursor T cell. In some alternatives, the host cell is a hematopoietic stern cell. 

(00461 	In some alternatives, a use of a host cell or composition in the treatment 

or inhibition of cancer or a solid tumor expressing CD171 	is provided. In some 

alternatives, the cancer is a neuroblastoma. In some alternatives, the solid tumor is selected 

from the group consisting of a breast cancer, brain cancer, colon cancer, renal cancer, 

pancreatic cancer, and ovarian cancer. 	In some alternatives, the host cell comprises an 

expression vector, as set forth herein. In some alternatives, the expression vector comprises 

a chimeric receptor nucleic acid. In some alternatives, the chimeric receptor nucleic acid 

comprises: a) a polynucleotide coding for a ligand binding domain, which ligand binding 

domain specifically binds to and/or targets 	CD171, b) a polynucleotide coding for a 

polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

X1 PPX2P, in which X1  and X2, independently, are any amino acid. In some alternatives, Xi 

and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 
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NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1 BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell, wherein the 

central memory T cell is positive for CD45RO, CD62L, and/or CD8. In some alternatives, 

the host cell is a CD4+ T helper lymphocyte cell selected from the group consisting of 

naive CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and 

bulk CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naive CD4+ 

T cell, wherein the naive CD4+ T cell is positive for CD45RA, CD62L and/or CD4 and/or 

negative for CD45RO. In some alternatives, a composition comprises host cells. In some 

alternatives, the composition comprises host cells comprising an expression vector, as set 

forth herein. In some alternatives, the expression vector comprises a chimeric receptor 

nucleic acid, as set forth herein. In some alternatives, the chimeric receptor nucleic acid 

comprises: a) a polynucleotide coding for a ligand binding domain, which ligand binding 

domain specifically binds to and/or targets 	CD171, b) a polynucleotide coding for a 

polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

XI PPX2P, in which X1  and X2, independently, are any amino acid. In some alternatives, X1  

and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 
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human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDIPPPCPRCP)3 	(SEQ 	ID 	NO:19), 

ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or 	consists 	essentially 	of 

ESKYGPPCPSCP (SEQ 1D NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives of the composition, the said host cells comprise a population of CD8+ cells 

consisting essentially of, or having been enriched for naïve CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In some alternatives, 

the said population of CD8+ cells consists essentially of or has been enriched for CD8+ 

central memory T cells positive for CD45RO, CD62L, and CD8. In some alternatives, said 

host cells comprise a population of CD4+ cells consisting essentially of or having been 

enriched for CD4+ T helper lymphocytes selected from the group consisting of naïve 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, said population of CD4+ cells consists essentially of or 

has been enriched for naïve CD4+ T cells positive for CD45RA, CD62L. and CD4 and 

negative for CD45RO. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a 
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central memory T cell wherein the central memory T cell is positive for CD45RO, CD62L, 

and CD8. In some alternatives, the host cell is a CD4+ T helper lymphocyte cell is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector 

memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the CD4+ helper 

lymphocyte cell is a naive CD4+ T cell, wherein the naive CD4+ T cell is positive for 

CD45RA, CD62L and/or CD4 and/or negative for CD45RO. In some alternatives, the 

composition 	further 	comprises 	a pharmaceutically 	acceptable 	excipient. 	In 	some 

alternatives, the host cell is a precursor T cell. In some alternatives, the host cell is a 

hematopoietic stem cell. 

100471 	In some alternatives, a method of performing cellular immunotherapy in 

a subject having cancer or a tumor is provided, wherein the method comprises: 

administering a composition or a host cell of claims to the subject. In some alternatives, 

the cancer is neuroblastoma. In some alternatives, the tumor is selected from the group 

consisting of a breast cancer, brain cancer, colon cancer, renal cancer, pancreatic cancer, 

and ovarian cancer. In some alternatives, the host cell comprises an expression vector, as 

set forth herein. In some alternatives, the expression vector comprises a chimeric receptor 

nucleic acid, as set forth herein. In some alternatives, the chimeric receptor nucleic acid 

comprises: a) a polynucleotide coding for a ligand binding domain, which ligand binding 

domain specifically binds to and/or targets 	CD171, b) a polynucleotide coding for a 

polypeptide spacer of less than 100 amino acids in length (but not less than 1 or 2 amino 

acids), which spacer joins the ligand binding domain and a transmembrane domain of the 

chimeric receptor, c) 	a polynucleotide coding for the transmembrane domain of the 

chimeric receptor and a polynucleotide coding for an intracellular signaling domain of the 

chimeric receptor. In some alternatives, the spacer comprises an amino acid sequence of 

X1PPX2P, in which X1  and X2, independently, are any amino acid. In some alternatives, X1 

and/or X2 is cysteine. In some alternatives, the spacer is less than 15 amino acids in length 

(but not less than 1 or 2 amino acids). In some alternatives, the spacer is 12, 13, 14, or 15 

amino acids in length or a length within a range defined by any two of the aforementioned 

lengths. In some alternatives, the spacer region comprises a portion of a hinge region of a 

human antibody. In some alternatives, the spacer comprises, consists of, 	or consists 

essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), ERKCCVECPPCP (SEQ ID 

NO:18), 	ELKTPLGDTHTCPRCP 	(EPKSCDTPPPCPRCP)3 	(SEQ 	ID 	NO:19), 
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ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). 	In 	some 	alternatives, 	the 	spacer 	consists 	of or consists 	essentially 	of 

ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID NO:21), YGPPCPPCP 

(SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or EVVKYGPPCPPCP (SEQ ID 

NO:53). In some alternatives, the intracellular signaling domain comprises all of a portion 

of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the intracellular signaling domain does not further comprise an intracellular 

portion of another costimulatory molecule and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of a molecule selected from 

the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, 

CD7, NKG2C, and B7-143, and/or wherein the intracellular signaling domain does not 

comprise an intracellular signaling portion of CD28. In some alternatives, the chimeric 

receptor nucleic acid further comprises a nucleic acid that codes for a marker sequence. In 

some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell, wherein the 

central memory T cell is positive for CD45RO, CD62L, and/or CD8. In some alternatives, 

the host cell is a CD4+ T helper lymphocyte cell is selected from the group consisting of 

naïve CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and 

bulk CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ 

T cell, wherein the naïve CD4+ T cell is positive for CD45RA, CD62L and/or CD4 and/or 

negative for CD45RO. In some alternatives, a composition comprises host cells. In some 

alternatives, the composition comprises host cells comprising an expression vector. In 

some alternatives, the expression vector comprises a chimeric receptor nucleic acid. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, which ligand binding domain specifically binds to and/or 

targets CD171, b) a polynucleotide coding for a polypeptide spacer of less than 100 amino 

acids in length (but not less than 1 or 2 amino acids), which spacer joins the ligand binding 

domain and a transmembrane domain of the chimeric receptor, c) a polynucleotide coding 
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for the transmembrane domain of the chimeric receptor and a polynucleotide coding for an 

intracellular signaling domain of the chimeric receptor. In some alternatives, the spacer 

comprises an amino acid sequence of X1PPX2P, in which X1  and X2, independently, are 

any amino acid. In some alternatives, X1  and/or X2 is cysteine. In some alternatives, the 

spacer is less than 15 amino acids in length (but not less than 1 or 2 amino acids). In some 

alternatives, the spacer is 12, 13, 14, or 15 amino acids in length or a length within a range 

defined by any two of the aforementioned lengths. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the spacer 

comprises, consists of, or consists essentially of EPKSCDKTHTCPPCP (SEQ ID NO:17), 

ERKCCVECPPCP (SEQ ID NO:18). ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  

(SEQ ID NO:19), ESKYGPPCPSCP (SEQ ID NO:20), ESKYGPPCPPCP 	(SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the spacer consists of or 

consists essentially of ESKYGPPCPSCP (SEQ ID NO: 20), ESKYGPPCPPCP (SEQ ID 

NO:21), YGPPCPPCP (SEQ ID NO:51), KYGPPCPPCP (SEQ ID NO:52), or 

EVVKYGPPCPPCP (SEQ ID NO:53). In some alternatives, the intracellular signaling 

domain comprises all of a portion of CD3 zeta in combination with a costimulatory 

domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, 

PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations thereof. In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-1BB. In some alternatives, the intracellular signaling domain does not further 

comprise an intracellular portion of another costimulatory molecule and/or wherein the 

intracellular signaling domain does not comprise an intracellular signaling portion of a 

molecule selected from the group consisting of CD27, CD28, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3, and/or wherein the intracellular signaling 

domain does not comprise an intracellular signaling portion of CD28. In some alternatives, 

the chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. in some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell. In 

some alternatives of the composition, the said host cells comprise a population of CD8+ 

cells 	consisting essentially of, or having been enriched for naïve CD8+ T cells, central 

memory CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In some 

alternatives, the said population of CD8+ cells consists essentially of or has been enriched 
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for CD8+ central memory T cells positive for CD45RO, CD62L, and/or CD8. In some 

alternatives, said host cells comprise a population of CD4+ cells consisting essentially of 

or having been enriched for CD4+ T helper lymphocytes selected from the group 

consisting of naïve CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T 

cells, and bulk CD4+ T cells. In some alternatives, said population of CD4+ cells consists 

essentially of or has been enriched for nave CD4+ T cells positive for CD45RA, CD62L 

and/or CD4 and/or negative for CD45RO. 	In some alternatives, the CD8+ cytotoxic T 

lymphocyte cell is a central memory T cell wherein the central memory T cell is positive 

for CD45RO, CD62L, and/or CD8. In some alternatives, the host cell is a CD4+ T helper 

lymphocyte cell is selected from the group consisting of naïve CD4+ T cells, central 

memory CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some 

alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ T cell, wherein the nave 

CD4+ T cell is positive for CD45RA, CD621, and/or CD4 and/or negative for CD45RO. In 

some alternatives, the composition further comprises a pharmaceutically acceptable 

excipicnt. In some alternatives, the host cell is a precursor T cell. In some alternatives, the 

host cell is a hematopoietic stem cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] 	Figure 1 shows isolation of central memory T cells from peripheral 

blood mononuclear cells. A) shows a flow cytometry profile of cells presorted for CD4 and 

CD8 markers. B) shows a flow cytometry profile of cells after sorting for the presence of 

CD8. C) shows a flow cytometry profile of cells after depletion of the CD8 + cell 

population for cells positive for CD45RA. D) shows a flow cytometry profile of a cell 

population enriched for CD8, depleted for CD45RA, enriched for CD45RO, and enriched 

for CD62L. 

100491 	Figure 2A shows flow cytometry profiles of CD8 central memory cells 

transduced with a CAR construct having a short, medium or long spacer. The expression of 

anti CD171 CAR is detected by an antibody that binds to a F(ab). The inset graphs for each 

panel shows the % of cells expressing CD8 and the truncated EGFR present in each 

construct in each cell population. Panel 1 is mock infected cells and exhibits no expression 

of F(ab) or EGFRt. Panel 2 shows expression of the short construct as determined by 

expression of CD8, EGFRt, and F(ab). Panel 3 shows expression of the intermediate 
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construct as determined by expression of CD8, EGFRt, and F(ab). Panel 4 shows 

expression of the long construct as determined by expression of CD8, EGFRt, and F(ab). 

Expression of each of the constructs in CD8 cells is similar regardless of whether the short 

(Panel 2), medium (Panel 3), or long spacer (Panel 4) is present in the construct. 

100501 	Figure 2B shows a western blot using an antibody directed to CD3 zeta 

chain showing equivalent expression of each construct having a short, medium, or long 

spacer in transduced CD8 cells. Lane 2 shows expression of the short construct. Lane 3 

shows expression of the intermediate construct. Lane 4 shows expression of the long 

construct. 

[00511 	Figure 2C shows cytolytic activity of mock infected CD8 cells (*) or 

CD8 cells transduced with a construct with a short spacer (n), an intermediate (A) or a 

long spacer (V) against SK-N-BE 2 neuroblastoma cell line (Be2) or control cell line 

TML(EBV-transfonned TMLCLs were made from PBMCs as previously described 

(Pelloquin F, Lamelin JP, Lenoir GM. In vitro cell dev blot 1986; 22(12):689-694). Panel 

1 shows lack of cytolytic activity of any of the CD8 cells against the control cell line TML. 

The inset graph shows that control TML cell line does not express CD171. Panel 2 shows 

that the cells transduced with the long construct (V) are more effective at killing CD171 

expressing neuroblastoma cells than the 	cells transduced with the intermediate (A) or 

short (E) constructs. The inset graph shows that the neuroblastoma cell line Be2 expresses 

CD171. Panel 3 shows that TML control cells incubated with CD8 cells that can target 

and/or are specific for antigen CD3 (Okt3) as well as transduced with each of the 

constructs were killed by the effector cells that can target and/or are specific for CD3 

despite the presence of the construct. 

100521 	Figure 2D shows cytokine production by CD8 cells transduced with a 

construct with a short spacer, an intermediate spacer or a long spacer when contacted with 

Be2 neuroblastoma cells or control TML. Panel 1 shows that CD8 transduced cells with 

the long spacer (L) produced more IFNy than CD8 cells transduced with the intermediate 

(I) and short spacer (S) when contacted with Be2 neuroblastoma cells. Panel 2 shows that 

CD8 transduced cells with the long spacer (L) produced more IL-2 than CD8 cells 

transduced with the intermediate (I) and short spacer (S) when contacted with Be2 

neuroblastoma cells. Panel 3 shows that CD8 transduced cells with the long spacer (L) 
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produced more TNFa than CD8 cells transduced with the intermediate (I) and short spacer 

(S) when contacted with Bet neuroblastoma cells. 

[0053] 	Figure 2E shows tumor cell 	survival and proliferation of the 

intracranial neuroblastoma xenograft tumor model in NSG mice. The graph on the left 

shows that labelled neuroblastoma cells in mice treated with CD8 cells transduced with a 

short construct showed very little expression of the label (bottom line) as compared to CD8 

cells transduced with the long construct (second line from the top) or control mice treated 

with sham transduced T cells (top line). The graph on the right shows survival of mice 

having a xenograft neuroblastoma tumor treated with CD8 cells transduced with a short, 

intermediate, or long spacer region. The mice treated with CD8 cells transduced with a 

construct with a short spacer (top line) survived much longer than intennediate (second 

line) or long spacer (third line from the top). 

[0054] 	Figure 2F shows that tumors from mice treated with CD8 cells 

transduced with a construct with a long spacer exhibited greater numbers of CD3+ cells in 

the tumor. 

[00551 	Figure 2G shows that tumors from mice treated with CD8 cells 

transduced with a construct with a long spacer expressed more caspase 3 in the tumor. 

[0056] 	Figure 3A, 3B and 3C shows activation status and viability of 

transduced CAR T cells after exposure to tumor cells for 24 hours (round 1); T cells are 

then harvested from round 1 cell culture and transferred to a new culture for another 24 

hours (round 2); and T cells are then harvested from round 2 cell culture and transferred to 

a new culture for another 24 hours round 3). Between the transfers the amount of viable T 

cells was kept the same between the different T cell lines. 

[0057] 	Figure 3A shows that CD8 cells transduced with a construct with a long 

spacer region (L) had a greater % of cells with activated cell surface markers CD25/CD69 

as compared to those cells transduced with a construct with a short spacer(S) at each round 

of transfer. 

[0058] 	Figure 3B shows that CD8 cells transduced with a construct with a long 

(V) or intermediate spacer region (A) had a greater % of dead cells (top 2 lines) as 

compared to those cells transduced with a construct with a short spacer (m). 
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100591 	Figure 3C shows that CD8 cells transduced with a construct with a long 

or intermediate spacer region caused greater expression of FasR expression in tumor cells 

compared to those cells transduced with a construct with a short spacer. 

10060] 	Figure 4A, 4B, 4C, 4D, 4E, and 4F shows CD8 central memory T cells 

transduced with a CAR construct with a short spacer region but having an additional 

intracellular signaling region from CD28 so that the construct includes costimulatory 

signaling regions from CD28 and 4-1BB together with the CD3 zeta signaling domain. 

10061] 	Figure 4A shows flow cytometry profiles of CD8 central memory cells 

transduced with a CAR construct having a CD28cyto/4-1BB costimulatory domain and a 

construct having a 4-1BB costimulatory domain. The expression of anti- CD171 CAR is 

detected by an antibody that binds to a F(ab). The inset graphs for each panel shows the % 

of cells expressing CD8 and the truncated EGFR present in each construct in each cell 

population. Panel 1 is mock infected cells and exhibits no expression of F(ab) or EGFRt. 

Panel 2 shows expression of the short construct with the 4-1BB costimulatory domain as 

determined by expression of CD8, EGFRt, and F(ab). Panel 3 shows expression of the 

short construct with the a CD28cyto/4-1BB costimulatory domain as determined by 

expression of CD8, EGFRt. and F(ab). Expression of each of the constructs in CD8 cells is 

similar. 

10062] 	Figure 4B 	shows cytolytic activity of CD8 cells transduced with a 

construct comprising a short spacer, costimulatory domain 4-1BB, and signaling domain 

CD3 	and a construct comprising a short spacer, costimulatory domain CD28 cyto. 

costimulatory domain 4-1BB, 	and 	signaling domain CD3C against SK-N-BE 2 

neuroblastoma cell line (Be2) 	The graph shows 	that the 	cells transduced with the 

construct with the costimulatory domain CD28cyto (top line ♦) are more effective at killing 

CD171 expressing neuroblastoma cells than the cells transduced with a construct lacking 

the CD28 cyto (2nd  line from the top ♦)) 

10063] 	Figure 4C shows cytokinc production by transduced T cells when 

contacted with Be2 neuroblastoma cells or control TML. Be2 or TML cells are contacted 

with CD8 cells transduced with a construct comprising a short spacer, costimulatory 

domain 4-1BB, and signaling domain CD3 	and a construct comprising a short spacer, 

costimulatory domain CD28 cyto, costimulatory domain 4-1BB, and signaling domain 

CD31. The graph shows that CD8 transduced cells with the construct with the CD28cyto 
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costimulatory domain (CD28cyto) in contact with Be2 cells produced more IFNI,  than CD8 

cells transduced with the construct without the CD28cyto costimulatory domain (4-1BB). 

[0064] 	Figure 4D 	shows tumor cell 	survival and proliferation of the 

intracranial neuroblastoma xenograft tumor model in NSG mice. The graph shows survival 

of mice having a xenograft neuroblastoma tumor treated with CD8 cells transduced with a 

construct comprising a short spacer, costimulatory domain 4-1BB, and signaling domain 

	

CD3t(4-1BB) 	and a construct comprising a short spacer, costimulatory domain CD28 

cyto, costimulatory domain 4-1BB, and signaling domain CD3 	(CD28 cyto). A greater 

percentage of mice treated with CD8 cells transduced with a construct without CD28cyto 

costimulatory domain(4-1BB) survived than mice treated with cells transduced with the 

construct with the CD28cyto costimulatory domain (CD28 cyto). 

	

100651 	Figure 4E shows activation status and viability of transduced CAR T 

cells after exposure to tumor cells for 24 hours (round 1), T cells are then harvested from 

round 1 cell culture and transferred to a new culture for another 24 hours (round 2) and T 

cells are then harvested from round 2 cell culture and transferred to a new culture for 

another 24 hours (round 3). The graph shows that CD8 cells transduced with a construct 

with CD28 cyto costimulatory domain (CD28 cyto) had a greater % of cells with activated 

cell surface markers CD25/CD69, as compared to those cells transduced with a construct 

without CD28 cyto costimulatory domain (4-1BB). 

	

[0066] 	Figure 4F shows that CD8 cells transduced with a construct with 

CD28cyto costimulatory domain (A) had a greater % of dead cells as compared to those 

cells transduced with a construct without CD28cyto costimulatory domain (m). 

[0067] 	Figure 5 shows the sequences for the Ce7scFv-IgG4hinge-CH2-CH3 

CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (long construct) (SEQ ID NO: 54). Tildes show 

the beginning and end of the coding sequence for each component of the construct. 

[0068] 	Figure 6 shows the plasmid map including the sequences for the 

Ce7scFv-IgG4hinge-CH2-CFI3-CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 	(long 

construct). 

100691 	Figure 7 shows the sequences for the CE7scFv-IgG4hinge-CH3- 

CD28tni/4-1B13-zeta-T2A-EGFRt-epHIV7 (intermediate) (SEQ ID NO: 55). Tildes show 

the beginning and end of the coding sequence for each component of the construct. 
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[0070] 	Figure 8 shows the plasmid map including the sequences for the 

CE7scFv-IgG4hinge-CH3-CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (intermediate). 

[0071] 	Figure 9 shows the sequences for CE7scFv-IgG4hinge-CD28tm/4-1BB- 

zeta-T2A-EGFRt-epHIV7 (short) (SEQ ID NO: 56). Tildes show the beginning and end of 

the coding sequence for each component of the construct. 

[0072] 	Figure 10 shows the plasmid map for the sequences for CE7scFv- 

IgG4hinge-CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (short). 

[0073] 	Figure 11 shows the sequence for construct CE7scFv-IgG4hinge- 

CD28tm/cyto-4-1BB-zeta-T2A-EGFRt-epHIV7 (short) with two costimulatory domains 

(SEQ ID NO: 57). Tildes show the beginning and end of the coding sequence for each 

component of the construct. 

[0074] 	Figure 12 shows the plasmid map including the sequence for construct 

CE7scFv-igG4hinge-CD28trri/cyto-4-1BB-zeta-T2A-EGFRt-epIIIV7 	(short) 	with 	two 

costimulatory domains. 

[0075] 	Figures 13A-13H shows the CAR exiracellular spacer tunes anti-tumor 

effector outputs of CD84  expressing CTLs. Figure 13A shows the schematic of CD171-

specific and/or targeting 2G-CAR extracellular domain spacer variants. Figure 13B shows 

the Human CD84  TE(cM) cell surface expression of 2G SS, MS or LS spacer variants and 

EGFRt detected with anti-murine FAB and cetuximab, respectively. Figure 1.3C shows the 

20-CAR expression levels detected by a CD3-C specific Western Blot. Figure 13D shows 

the 2G-CAR induced levels of phospho-ERK upon co-culture with CD171+  Be2 

neuroblastoma tumor cells at an E:T ratio of 1:1 (n0 per condition). Figure 13E shows 

the 2G-CAR activation induced CD137 surface expression upon tumor co-culture as in 

Figure 13D. Figure 13F shows the Anti-tumor lytic activity of spacer variant 2G-CAR 

CTLs determined by 4-hour chromium release assay. Fold specific lysis of LS and MS 

spacers relative to SS 2G-CAR CTLs at an E:T ratio of 10:1. Figure 13G shows the 

Stimulation of cytokine secretion in mixed 20-CAR CTL mixed tumor (Be2) cultures (11 

>5 per condition). Fold cytokine production comparison is relative to SS 20-CAR, as in 

Figure 13H. 

[0076] 	Figures 14A-14H shows the inverse correlation of CAR spacer- 

dependent CTL functional potency in vitro and anti-tumor activity in vivo. Figure 14A 

shows the schema of intracranial NSG mouse neuroblastoma xenograft therapy model and 
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biophotonic signal of ffLuc+  Be2 tumors at day +6 following stereotactic implantation. 

Figure 14B shows the Biophotonic Be2 tumor signal response to intratumorally infused 

2G-CAR CDeTE(cm)  spacer variants (n=6 mice per group). LS 2G-CAR cohort was 

euthanized on day 20 due to tumor related animal distress. Figure 14C shows the Kaplan 

Meier survival of treated cohorts from Figure 14B. Figure 14D shows the quantitation of 

intratumoral 2G-CAR T cells at time of symptomatic tumor progression. T cell density 

determined by counting human CD3+  cells and reported as total number per 40 hpf s (data 

representative of individual tumor analysis). Figure 14E shows the timeline of tumor 

retrieval from NSG mice bearing Be2 i.c. xenografts and treated with 2G-CAR CTLs for 

subsequent IHC/IF inspection. Figures 14F1 and 14F2 shows the representative tumor 

and contralateral hemisphere IF images for co-staining of co-localized SS 2G-CAR CTLs 

for CD3, Ki67 and activated caspase 3. Figure 14G shows the IF quantitation of persisting 

20-CAR spacer variant CTLs three days after intratumoral implantation. N=total human 

CD3+ cells per 40 hpf as in Figure 14D. Figure 14H shows the Percentage of CD3+ T 

cells that co-express granzyme B (left panel), Ki67 (middle panel), and activated caspase 3 

(right panel) (n=ave. number cells/40hpf from analysis of two individual engrafted mice). 

100771 	Figures 15A-15H shows the recursive antigen exposure in vitro results 

in differential FasL mediated AICD based on CAR spacer dimension. Figure 15A shows 

the schema of in vitro stress test assay for analysis of CAR T cell functional status and 

viability upon repetitive stimulation with tumor cells. Figure 15B shows the quantitation 

of residual viable fLueBe2 tumor cells after successive rounds of 2G-CAR transfer 

(%tumor viability=average of 3 independent experiments). Figure 15C shows the glow 

cytometric quantitation of CD25 and CD69 surface expression following successive 

rounds of co-culture with Be2 	cells at an effector:stimulator (E:S) ratio of 1:1 

(%CD25+CD69+values=average of 2 independent experiments). Figure 15D shows the 

2G-CAR T cell viability determination by Guava Viacount assay after each round. %Dead 

T cells values derived as in Figure 15C. Figure 15E shows the frequency of FasL+2G- 

CAR CTLs before and after 8-hour co-culture with Be2 (E:S 1:1; each data point is derived 

from an independent experiment). Figure 15F shows the Fold-induction of FasL mRNA 

transcription measured by rt-qPCR upon co-culture of MS and LS 20-CAR spacer variants 

relative to SS 2G-CAR CTLs normalized to beta-actin (average of 5 independent 

experiments). Figure 15G shows the Frequency of activated caspase 3'2G- CAR CTLs 
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following 16-hour co-culture with Be2 (E:S 1:1; values=average of 4 independent 

experiments). Figure 1511 shows the effect of siRNA knockdown of Fas or FasL on 

apoptosis induction in LS 2G-CAR CTLs after 3 rounds. Average viability determination 

by Guava Viacount assay performed in 3 independent experiments ("1+" condition is mock 

electroporated T cells, "scr" condition scrambled siRNA). 

10078] 	Figures 16A-16F shows the augmented co-stimulation via a third 

generation CD28:4-1 BB:zeta cytoplasmic domain results in enhanced effector function 

outputs in vitro. Figure 16A shows the schematic of 2G- versus 3G-CAR composition. 

Figure 16B shows the human CD8+TE(cm)  cell surface expression of 2G- versus 3G- 

CAR(SS) and EGFRt detected with anti-murine FAB and cetuximah, respectively. Figure 

16C shows the 2G- and 3G-CAR(SS) expression levels dctcctcd by of CD3-c specific 

Western Blot. Figure 16D shows the 2G- versus 3G-CAR(SS) activation induced CD137 

surface expression upon tumor co-culture. Figure 16E shows the anti-tumor lytic activity 

of 2G- versus 3G-CAR(SS) CTLs determined by 4-hour chromium release assay. Fold 

specific lysis of SS-3G relative to SS-2G CTL at an F:T ratio of 10:1 (average of 3 

independent experiments). Figure 16F shows the stimulation of cytokine secretion in 2G-

versus 3G-CAR(SS) CTL tumor (Be2) co-cultures (n 26 per condition). Fold cytokine 

production comparison is relative to 2G-CAR(SS) as in (E). 

10079] 	Figures 17A-17D shows that 3G-CAR(SS) CTLs do not exhibit 

enhanced anti-tumor activity in vivo. Figure 17A shows the Kaplan Meier survival curves 

of Be2 engrafted NSG mice treated with 2G- versus 3G-CAR(SS) CTLs (n=5-6 per group, 

sham transduced CTL control in black). Figure 17B shows the Kaplan Meier survival 

curves for SK-N-DZ engrafted mice treated as in Figure 17A. Figure 17C shows the 2G-

versus 3G-CAR(SS) T cell intratumoral persistence 3 days following adoptive transfer. N= 

number of CD3+  cells per 40hpf in two independently derived tumor specimens. Figure 

17D shows the IF detection of granzyme B (left panel) and activated caspase 3 + (right 

panel) CD3+ CTL as described in Figure 17C. 

10080] 	Figure 18A-18E shows that the recursive antigen exposure in vitro 

results in differential Fasl, mediated AICD based on CAR cytoplasmic signaling in the 

context of a short spacer extracellular domain. Figure 18A shows the flow cytometric 

quantitation of CD25 and CD69 surface expression by 2G-versus 3G-CAR(SS) CTLs 

following successive rounds of co-culture with Be2 cells at an E:S of 1:1 (%CD25+CD69' 
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values derived from average of two independent experiments). Figure 18B shows 2G-

versus 3G-CAR(SS) T cell viability determination by Guava Viacount assay after each 

round of tumor co-culture. % Dead T cells values derived as previously described. Figure 

18C shows the frequency of FasL 2G- versus 3G-CAR(SS) CTLs before and after 8-hour 

co-culture with Be2 cells at an E:S ratio of 1:1 (each data point of 5 per 2G-CAR spacer 

variant is derived from an independently conducted experiment). Figure 18D shows the 

fold induction of FasL mRNA transcription measured by rt-qPCR upon co-culture of 2G-

versus 3G-CAR(SS) CTLs normalized to beta-actin (average results from 5 independently 

conducted experiments). Figure 18E shows the frequency of cytosolic activated caspase 3+  

2G- versus 3G-CAR(SS) CTLs following 16-hour co-culture with Be2 at an E:S ratio of 

1:1 (values ave. of 4 independent experiments). + (Figure 18D) and activated caspase 3+ 

(Figure 18E) CD3+ CTL as described in Figure 18C. 

10081] 	Figures 	19A-19C shows 	phenotypic similarity between isolated 

CD45RO+CD62L+  human Tern expanded following lentiviral transduction with spacer 

variant 20-CARs. Figure 19A shows the timeline of CD8 1' cm isolation, transduction and 

expansion prior to experimental use. Figure 19B shows the Immunomagnetic isolation 

method and purity of CD8+  Tcm cells (CD45RO+ CD62L+) from PBMC. Figure 19C 

shows the phenotype of CD8+ TE(CM) transduced with different spacer variants of 2G-CAR 

at time of experimental use. 

10082] 	Figures 20A-20D shows the in vitro and in vivo anti-tumor activity of 

CD171-specific and/or targeting 2G-CAR spacer variant CD8+  TE(CM) CLTs against 

CD1711" SK-N-DZ human neuroblastoma xenografts. 	Figure 20A shows the lytic 

potency of 2G-CAR spacer variants in 4-hour CRA against SK-N-DZ. Figure 20B shows 

SK-N-DZ stimulation of IFNy secretion by spacer variant 2G-CAR CTLs. Figure 20C 

shows Biophotonic SK-N-DZ tumor signal response to intratumorally infused 2G- 

CAR(SS, MS or LS) CD8 ' TE(cm) (n=5 per group). Figure 20D shows the Kaplan Meier 

survival of treated cohorts. 

100831 	Figure 21 shows the expression of Fas and FasL after siRNA 

knockdown. Panel A shows the frequency of Fast  LS 2G-CAR CTLs after siRNA 

knockdown of Fas relative to LS 2G-CAR CTLs treated with scr siRNA (%Fas+  values 

derived from average of 4 independent experiments). Panel B shows the frequency of 

FasL LS 2G-CAR CTLs after siRNA knockdown of FasL as described in Panel A. 
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DETAILED DESCRIPTION 

[0084] 	Unless defined otherwise, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art to 

which the invention pertains. 

[0085] 	"Activation", as used herein, refers to the state of a T cell that has been 

sufficiently stimulated to induce detectable cellular proliferation, cytokine production or 

expression of cell surface markers such as CD69 and CD25, or detectable effector 

functions. 

[0086] 	"Activation Induced cell death" as used herein refers to a state of a T 

cell that is activated but is not able to proliferate for more than 2 generations and exhibits 

markers of apoptosis. 

100871 	"Antigen" or "Ag" as used herein 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. It is readily apparent that 

an antigen can be generated synthesized, produced recombinantly or can be derived from a 

biological sample. Such a biological sample can include, but is not limited to a tissue 

sample, a tumor sample, a cell or a biological fluid. 

10088] 	"Anti-tumor effect" as used herein, refers to a biological effect, which 

can be manifested by a decrease in tumor volume, a decrease in the number of tumor cells, 

a decrease in the number of metastases, an increase in life expectancy, or a decrease of 

various physiological symptoms associated with the cancerous condition. An "anti-tumor 

effect" can also be manifested by a decrease in recurrence or an increase in the time before 

recurrence. 

100891 	"Chimeric receptor" as used herein refers to a synthetically designed 

receptor comprising a ligand binding domain of an antibody or other protein sequence that 

binds to a molecule associated with the disease or disorder and is linked via a spacer 

domain to one or more intracellular signaling domains of a T cell or other receptors, such 

as a costimulatory domain. Chimeric receptor can also be referred to as artificial T cell 

receptors, chimeric T cell receptors, chimeric immunoreceptors, or chimeric antigen 

receptors (CARs). These CARs are engineered receptors that can graft an arbitrary 

specificity onto an immune receptor cell. Chimeric antigen receptors or "CARs" are 
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considered by some investigators to include the antibody or antibody fragment, the spacer, 

signaling domain, and transmembrane region. However, due to the surprising effects of 

modifying the different components or domains of the CAR, such as the epitope binding 

region (for example, antibody fragment, scFv, or portion thereof), spacer, transmembrane 

domain, and/ or signaling domain), in some contexts, in the present disclosure, the 

components of the CAR are described independently. The variation of the different 

elements of the CAR can, for example, lead to stronger binding affinity for a specific 

epitope. 

10090] 	"Co-stimulatory domain," as the term is used herein refers to a signaling 

moiety that provides to T cells a signal which, in addition to the primary signal provided 

by for instance the CD3 zeta chain of the TCR/CD3 complex, mediates a T cell response, 

including, but not limited to, activation, proliferation, differentiation, cytokine secretion, 

and the like. A co-stimulatory domain can include all or a portion of, but is not limited to, 

CD27, CD28, 4- l BB, OX40, CD30, CD40, 	ICOS, lymphocyte function-associated 

antigen-1 (LFA-l), CD2, CD7, LIGHT, NKG2C, B7413, and/or a ligand that specifically 

binds with CD83 and/or targets CD83. In some alternatives, the co-stimulatory domain is 

an intracellular signaling domain that interacts with other intracellular mediators to 

mediate a cell response including activation, proliferation, differentiation and cytokine 

secretion, and the like.  

10091] 	"Coding for," as used herein, refers to the 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 macromolecules such as a defined sequence of amino 

acids. Thus, a gene codes for a protein if transcription and translation of mRNA 

corresponding to that gene produces the protein in a cell or other biological system. A 

"nucleic acid sequence coding for a polypeptide" includes all nucleotide sequences that are 

degenerate versions of each other and that code for the same amino acid sequence. 

10092] 	"Cytotoxic T lymphocyte "(CTL) as used herein refers to a T 

lymphocyte that expresses CD8 on the surface thereof (e.g., a CD8+  expressing T cell, also 

referred to as a CD8+ T cell or a CD8 T cell, all of which can be used interchangeably). In 

some alternatives such cells are preferably "memory" T cells (TM  cells) that are antigen-

experienced. In similar fashion, CD4+ expressing T cells may be referred to as CD4+ T 

cells or CD4 T cells interchangeably. 
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[0093] 	"Central memory" T cell (or "Tcm") as used herein refers to an antigen 

experienced CTL that expresses CD62L or CCR-7 and/or CD45RO on the surface thereof, 

and does not express or has decreased expression of CD45RA as compared to naive cells. 

In some alternatives, central memory cells are positive for expression of CD62L, CCR7, 

CD28, CD127, CD45RO, and/or CD95, and/or have decreased expression of CD54RA as 

compared to naïve cells. 

[0094] 	"Effector memory" T cell (or "TEM") as used herein refers to an antigen 

experienced T cell that does not express or has decreased expression of CD62L on the 

surface thereof as compared to central memory cells, and does not express or has decreased 

expression of CD45RA as compared to naïve cell. In some alternatives, effector memory 

cells are negative for expression of CD62L and/or CCR7, as compared to naïve cells or 

central memory cells, and have variable expression of CD28 and/or CD45RA. 

[0095] 	"Naive" T cells as used herein refers to a non-antigen experienced T 

lymphocyte that expresses CD62L and/or CD45RA, and/or does not express CD45RO- as 

compared to central or effector memory cells. In some alternatives, naïve CD8+ T 

lymphocytes are characterized by the expression of phenotypic markers of nave T cells 

including CD62L, CCR7, CD28, CD127, and/or CD45RA. 

[0096] 	"Effector TE" T cells as used herein refers to a antigen experienced 

cytotoxic T lymphocyte cells that do not express or have decreased expression of CD62L, 

CCR7, CD28, and/or are positive for granzyme B and/or perforin, as compared to central 

memory or naïve T cells. 

[00971 	"T cell precursors" as described herein refers to lymphoid precursor 

cells that can migrate to the thymus and become T cell precursors, which do not express a 

T cell receptor. All T cells originate from hematopoietic stem cells in the bone marrow. 

Hematopoietic progenitors (lymphoid progenitor cells) from hematopoietic stem cells 

populate the thymus and expand by cell division to generate a large population of 

immature thymocytes. The earliest thymocytes express neither CD4 nor CD8, and are 

therefore classed as double-negative (CD4—CD8—) cells. As they progress through their 

development, they become double-positive thymocytes (CD4+CD8+), and finally mature 

to single-positive (CD4+CD8— or CD4—CD8+) thymocytes that are then released from the 

thymus to peripheral tissues. 
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10098] 	About 98% of thyinocytcs die during the development processes in the 

thymus by failing either positive selection or negative selection, whereas the other 2% 

survive and leave the thymus to become mature immunocompetent T cells. 

[0099] 	The double negative (DN) stage of the precursor T cell is focused on 

producing a functional 13-chain whereas the double positive (DP) stage is focused on 

producing a functional a-chain, ultimately producing a functional ar3 T cell receptor. As 

the developing thymocyte progresses through the four DN stages (DN1, DN2, DN3, and 

DN4), the T cell expresses an invariant a-chain but rearranges the 0-chain locus. If the 

rearranged 0-chain successfully pairs with the invariant a-chain, signals are produced 

which cease rearrangement of the 0-chain (and silence the alternate allele) and result in 

proliferation of the cell. Although these signals require this pre-TCR at the cell surface, 

they are dependent on ligand binding to the pre-TCR. These thymocytes will then express 

both CD4 and CD8 and progresses to the double positive (DP) stage where selection of the 

a-chain takes place. If a rearranged 13-chain does not lead to any signaling (e.g. as a result 

of an inability to pair with the invariant a-chain), the cell may die by neglect (lack of 

signaling). 

10100] 	"Hematopoietic stem cells" or "HSC" as described herein, are precursor 

cells that can give rise to myeloid cells such as, for example, macrophages. monocytes, 

macrophages, neutrophils, basophils, eosinophils, erythrocytes, megakaryocytes/platelets, 

dendritic cells and lymphoid lineages (such as, for example, T-cells, B-cells, NK-cells). 

HSCs have a heterogeneous population in which three classes of stem cells exist, which 

are distinguished by their ratio of lymphoid to myeloid progeny in the blood (L/M). 

10101] 	"Targeting," "target" as described herein refers to an ability to bind to a 

ligand in which a molecule is specific for. "Specific" or "Specificity" can refer to the 

characteristic of a ligand for the binding partner or alternatively, the binding partner for the 

ligand, and can include complementary shape, charge and hydrophobic specificity for 

binding. 	Specificity 	for 	binding 	can 	include 	stereospecificity, 	regioselectivity 	and 

chemoselectivity. 

[0102] 	"Enriched" and "depleted" as used herein to describe amounts of cell 

types in a mixture refers to the subjecting of the mixture of the cells to a process or step 

which results in an increase in the number of the "enriched" type and a decrease in the 

number of the "depleted' cells. Thus, depending upon the source of the original population 
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of cells subjected to the enriching process, a mixture or composition may contain 60, 70, 

80, 90, 95, or 99 percent or more (in number or count) of the "enriched" cells and 40, 30, 

20, 10, 5 or 1 percent or less (in number or count) of the "depleted" cells. 

[0103] 	"Epitope" as used herein refers to a part of an antigen or molecule that 

is recognized by the immune system including antibodies, T cells, and/ or B cells. Epitopes 

usually have at least 7 amino acids and can be linear or conformational. 

[0104] 	"Isolated," when used to describe the various polypeptides disclosed 

herein, means polypeptide or nucleic acid that has been identified and separated and/or 

recovered from a component of its natural environment. Preferably, the isolated 

polypeptide or nucleic acid is free of association with all components with which it is 

naturally associated. Contaminant components of its natural environment are materials that 

would typically interfere with diagnostic or therapeutic uses for the polypeptide or nucleic 

acid, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous 

solutes. 

[0105] 	"Intracellular signaling domain" as used herein refers to all or a portion 

of one or more domains of a molecule (here the chimeric receptor molecule) that provides 

for activation of a lymphocyte. Intracellular domains of such molecules mediate a signal by 

interacting with cellular mediators to result in proliferation, differentiation, activation and 

other effector functions. In some alternatives, such molecules include all or portions of 

CD28, CD3, or 4-I BB, or combinations thereof. Intracellular signaling domains include 

costimulatory domains. 

[0106] 	"Ligand" as used herein refers to a substance that binds specifically to 

another substance to form a complex and/or targets another substance. Examples of ligands 

include epitopes on antigens, molecules that bind to receptors, substrates, inhibitors, 

hormones, and activators. "Ligand binding domain" as used herein refers to substance or 

portion of a substance that binds to a ligand. Examples of ligand binding domains include 

antigen binding portions of antibodies, extracellular domains of receptors, and active sites 

of enzymes. 

[0107] 	"Operably linked" as used herein refers to functional linkage between a 

regulatory sequence and a heterologous nucleic acid sequence resulting in expression of 

the latter. For example, a first nucleic acid sequence is operably linked with a second 

nucleic acid sequence when the first nucleic acid sequence is placed in a functional 
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relationship with the second nucleic acid sequence. For instance, a promoter is operably 

linked to a coding sequence if the promoter affects the transcription or expression of the 

coding sequence. Generally, operably linked DNA sequences are contiguous and, where 

necessary to join two protein coding regions, in the same reading frame. 

101081 	"Percent (%) amino acid sequence identity" with respect to the 

chimeric receptor polypeptide sequences identified herein is defined as the percentage of 

amino acid residues in a candidate sequence that are identical with the amino acid residues 

in the reference sequence for each of the ligand binding domain, spacer, transmembrane 

domain, and/or the lymphocyte activating domain, after aligning the sequences and 

introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not 

considering any conservative substitutions as part of the sequence identity. Alignment for 

purposes of determining percent amino acid sequence identity can be achieved in various 

ways that are within the skill in the art, for instance, using publicly available computer 

software such as BLAST, BLAST-2, ALIGN, ALIGN-2 or Megalign (DNASTAR) 

software. 

10109] 	Those skilled in the art can determine appropriate parameters for 

measuring alignment, including any algorithms needed to achieve maximal alignment over 

the full-length of the sequences being compared. For example, % amino acid sequence 

identity values generated using the WU-BLAST-2 computer program [Altschul et al., 

Methods in Enzymology, 266:460-480 (1996)] uses several search parameters, most of 

which are set to the default values. Those that are not set to default values (i.e., the 

adjustable parameters) are set with the following values: overlap span=1, overlap 

fraction=0.125, word threshold (T)=11 and scoring matrix=BLOSUM62. A % amino acid 

sequence identity value is determined by dividing (a) the number of matching identical 

amino acid residues between the each or all of the polypeptide amino acid sequence of the 

reference chimeric receptor sequence provided in Table 2 and the comparison amino acid 

sequence of interest as determined by WU-BLAST-2 by (b) the total number of amino acid 

residues of the polypeptide of interest. 

[0110] 	"Chimeric receptor variant polynucleotide" or "chimeric receptor 

variant nucleic acid sequence" as used herein refers to a polypeptide-encoding nucleic acid 

molecule as defined below having at least 80%, 85%, 90%, 91%, 92%, 93%. 94%, 95%. 

96%, 97%, 98%, or 99% 	nucleic acid sequence identity with the polynucleotide acid 
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sequence shown in Figures 5, 7, 9, or 11 or a specifically derived fragment thereof, such as 

polynucleotide coding for an antigen binding domain, a polynucleotide encoding a spacer 

domain, a polynucleotide coding for a transmembrane domain and/ or a polynucleotide 

coding for a lymphocyte stimulatory domain. Ordinarily, a chimeric receptor variant of 

polynucleotide or fragment thereof will have at least 80%, 85%, 90%, 91%, 92%, 93%, 

94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity, more preferably at 

least 81% nucleic acid sequence identity, more preferably at least 82% nucleic acid 

sequence identity, more preferably at least 83% nucleic acid sequence identity, more 

preferably at least 84% nucleic acid sequence identity, more preferably at least 85% 

nucleic acid sequence identity, more preferably at least 86% nucleic acid sequence identity, 

more preferably at least 87% nucleic acid sequence identity, more preferably at least 8% 

nucleic acid sequence identity, more preferably at least 89% nucleic acid sequence identity, 

more preferably at least 90% nucleic acid sequence identity, more preferably at least 91% 

nucleic acid sequence identity, more preferably at least 92% nucleic acid sequence identity, 

more preferably at least 93% nucleic acid sequence identity, more preferably at least 94% 

nucleic acid sequence identity, more preferably at least 95% nucleic acid sequence identity, 

more preferably at least 96% nucleic acid sequence identity, more preferably at least 97% 

nucleic acid sequence identity, more preferably at least 98% nucleic acid sequence identity 

and yet more preferably at least 99% nucleic acid sequence identity with the nucleic acid 

sequence as shown in Figures 5, 7, 9, or 11 or a derived fragment thereof. Variants do not 

encompass the native nucleotide sequence. In this regard, due to the degeneracy of the 

genetic code, one of ordinary skill in the art will immediately recognize that a large 

number of chimeric receptor variant polynucleotides having at least 80%, 85%, 90%, 91%, 

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% nucleic acid sequence identity to the 

nucleotide sequence of Figures 5, 7, 9, or 11. 

[0111] 	"Substantially purified" refers to a molecule that is essentially free of 

other molecule types or a cell that is essentially free of other cell types. A substantially 

purified cell also refers to a cell, which has been separated from other cell types with 

which it is normally associated in its naturally occurring state. In some instances, a 

population of substantially purified cells refers to a homogenous population of cells. 

[0112] 	"Not substantially found" when used in reference the presence of a 

tumor antigen or other molecules on normal cells refers to the percentage of a normal cell 
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type that has the antigen or molecule, and / or the density of the antigen on the cells. In 

some alternatives, not substantially found means that the antigen or molecule is found on 

less than 50% of normal cell type and/or at a 50% less density as compared to the amount 

of cells or antigen found on a tumor cell or other diseased cell. 

	

10113] 	"T cells" or "T lymphocytes" as used herein may be from any 

mammalian, preferably primate, species, including monkeys, dogs, and humans. In some 

alternatives the T cells are allogeneic (from the same species but different donor) as the 

recipient subject; in some alternatives the T cells are autologous (the donor and the 

recipient are the same); in some alternatives the T cells arc syngeneic (the donor and the 

recipients are different but are identical twins). 

	

10114] 	"Specific" or "Specificity" can refer to the characteristic of a ligand for 

the binding partner or alternatively, the binding partner for the ligand, and can include 

complementary shape, charge and hydrophobic specificity for binding. Specificity for 

binding can include stereospecificity, regioselectivity and chemoselectivity. 

	

10115] 	In some alternatives, a spacer is described such that the spacer is 

specific for a ligand. A spacer specific for a ligand can refer to a specific polypeptide 

length that can allow enhanced binding or targeting of the ligand binding domain for its 

specific or targeted ligand such that the spacer provides an increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. 

	

10116] 	"Targeting" as described herein, refers to the recognition of a unique 

part of the foreign target, such as for example, a protein epitope. Targeting can also refer to 

binding or recognition to a specific region of a protein, which can be referred to as an 

antigen. Similar antigenic sites can also be recognized by a targeting antibody, which can 

lead to the ability of the antibody to react with similar antigenic sites on different proteins, 

thus leading to a cross-reactive antibody. 

	

10117] 	"Cellular activities" can refer to humoral responses, cell-based immune 

responses, 	cellular 	responses, 	maturation 	pathways, 	growth 	pathways, 	and/or 

responsiveness of particular cell populations. In some alternatives, a chimeric antigen 

receptor is provided, wherein the chimeric antigen receptor comprises a spacer. In some 

alternatives, the spacer provides for enhanced or improved T cell proliferation, enhanced 

and/or decrease in in vivo cellular activities, and/ or cytokine production. 
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10118] 	Provided herein are chimeric receptor nucleic acids, and vectors and 

host cells including such nucleic acids. The chimeric receptor nucleic acid comprises a 

number of modular components that can be excised and replaced with other components in 

order to customize the chimeric receptor for targeting a specific target molecule. 	The 

disclosure provides that one of the modular components is the spacer component. It has 

been surprisingly found that the length of the spacer region affects the in vivo efficacy of 

the T cells modified to express the chimeric receptor and can be customized for individual 

target molecules for enhanced therapeutic activity. 

[0119] 	In one aspect, methods and nucleic acid constructs are provided to 

design a chimeric receptor that has enhanced or improved tumor recognition, increased T 

cell proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor, especially in vivo, and/or that results in increased survival of 

cells bearing the chimeric receptor following specific binding or targeting of the receptor 

to the antigen, as compared with a reference chimeric receptor. 

[0120] 	In some alternatives, the reference chimeric receptor is a chimeric 

receptor that is otherwise identical to the subject chimeric receptor, aside from having one 

or more modifications in a spacer, such as in the polypeptide spacer joining the ligand 

binding domain, e.g., antibody fragment, of the receptor and the transmembrane and/or 

intracellular portions of the receptor. For example, in some alternatives, the reference 

chimeric receptor is identical to the subject receptor aside from having a spacer that is 

different in length or sequence, for example, a spacer that is longer, such as at least 2, 3, 4, 

5, 6. 7, 8, 9, or 10 times the number of amino acids in length, as compared to that of the 

subject chimeric receptor. 

[0121] 	In some alternatives, a library of nucleic acids is provided, wherein each 

nucleic acid codes for a spacer region that differs from the others in sequence and/or 

length. Each of the nucleic acids can then be used to form a chimeric receptor nucleic acid 

construct that can be tested in vivo (in an animal model) and/or in vitro so that a spacer can 

be selected that provides for enhanced or improved tumor recognition, increased T cell 

proliferation and/or cytokine production in response to the ligand. 

[0122] 	In some alternatives, a chimeric receptor nucleic acid comprises a 

polynucleotide coding for a ligand binding domain, wherein the ligand is a tumor antigen, 

a polynucleotide coding for a customized polypeptide spacer, wherein the spacer is 
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optimized. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. 

[0123] 	The design of a chimeric receptor can be customized depending on the 

type of tumor, the target antigen or molecule present on the tumor, the affinity of the 

antibody for the target molecule, the flexibility needed for the antigen binding domain, 

and/or the intracellular signaling domain. In some alternatives, a number of chimeric 

receptor constructs are tested in vitro and in in vivo models to determine the ability of T 

cells modified with the receptor to kill tumor cells in immunodeficient mice and to 

proliferate and persist after adoptive transfer. 

[0124] 	Depending on whether the target molecule is present on a subject's 

tumor cells, the chimeric receptor includes a ligand binding domain that specifically binds 

to and/or targets that target molecule. In some alternatives, a subject's tumor cells are 

characterized for cell surface tumor molecules. The target molecule may be selected based 

on a determination of its presence on a particular subject's tumor cells. In some 

alternatives, a target molecule or an epitope thereof is selected that is a cell surface 

molecule found predominantly on tumor cells and not found on normal tissues to any 

substantial degree. 	In some alternatives, an antibody is selected to bind to an epitope on 

the targeted cell surface molecule. In some alternatives, the target molecule is CD171. In 

some alternatives, the chimeric receptor specifically binds to and/or targets an epitope on 

CD171 recognized by the antibody known as CE7, and/or an epitope of CD171 or of 

another antigen, which epitope is of the same or similar distance from the surface plasma 

membrane of a CD171+ cell. In some alternatives, the antigen has an extracellular portion 

of a similar size or length as that of CD171, and thus a similar chimeric receptor 

configuration is appropriate. 

[0125] 	In addition, the spacer region of the chimeric receptor may be varied to 

enhance or improve T cell recognition of the ligand on the target cell. In some alternatives, 

a spacer domain is selected from a short spacer domain of 15 amino acids or less (but not 

less than 1 or 2 amino acids), such as 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, or 2 amino 

acids or a number of amino acids within a range defined by any two of the aforementioned 

lengths. 	In some alternatives, a spacer domain is selected from an intermediate spacer 

domain of 119 amino acids or less (but not less than 1 or 2 amino acids), such as 119. 115, 
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110, 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40.35, 30, 25, 20, or 15 amino acids or 

a number of amino acids within a range defined by any two of the aforementioned lengths. 

In some alternatives, a spacer domain is selected from a long spacer of 229 amino acids or 

less (but not less than 1 or 2 amino acids), such as 229, 225, 220, 215, 210, 205, 200, 195, 

190, 185, 180, 175, 170, 165, 160, 155, 150. 145, 140, 135, 130, 125, or 120 amino acids 

or a number of amino acids within a range defined by any two of the aforementioned 

lengths. In some alternatives, a spacer is a hinge region of a Fc receptor or a modified 

hinge region. In some alternatives, a spacer region is a hinge region in combinations with a 

CH2 or CH3 or both. 	In some alternatives, a spacer comprises an amino acid sequence 

X1 PPX2P. In alternative a spacer region does not include a full length Fc receptor, and/or 

does not include a CH2 and/or a CH3 domain. In some such alternatives, the spacer does 

include an antibody hinge region. 

[01261 	A variety of combinations of primary and costimulatory intracellular 

signaling domain may be employed to enhance the in vivo efficacy of the chimeric 

receptor. In some alternatives, different constructs of the chimeric receptor can be tested in 

an in vivo animal model to determine efficacy for tumor killing. In some alternatives, a 

costimulatory intracellular signaling domain is selected from the group consisting of CD28 

and modified versions thereof, 4-1BB and modified versions thereof and/or combinations 

thereof. Other costimulatory domains, such as OX40 may be incorporated. 	In some 

alternatives, the costimulatory intracellular signaling portion of the receptor includes only 

intracellular domains derived from a single costimulatory molecule, such as only 4-1BB or 

only CD28, and does not further contain such a domain from another such molecule. 

101271 	In some alternatives, chimeric receptor-modified, e.g., CD171 specific 

and/or targeting chimeric receptor-modified cells, e.g., cytotoxic T cells prepared from sort 

purified CD8+ central memory T cells, are administered in the presence or absence of 

CD4+ chimeric receptor-modified cells, e.g., CD171 specific and/or targeting chimeric 

receptor-modified, T cells. In some alternatives, tumor-specific or tumor targeting CD4+ 

expressing T cells exert anti-tumor reactivity and provide help to tumor-specific CD8+ 

expressing T cells in vitro and in vivo. In a specific alternative, tumor-specific or tumor-

targeting CD4+ expressing T cells or CD4+  expressing T cells selected from the naive or 

the central memory subsets arc utilized alone or in combination with CD8+  T.M. 
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101281 	Adoptive immunotherapy using chimeric antigen receptor (CAR) 

expressing T cells in some alternatives is useful for treating or inhibiting cancer. In some 

alternatives, a CAR directed to an epitope of the antigen CD171 (L1CAM) is prepared. 

Such CAR constructs are useful to treat or inhibit any cancer that expresses CD171 

(L1CAM). In some alternatives, one cancer that expresses CD171 is neuroblastoma (NB). 

CD171 is expressed in 100% of high risk NB. Other cancers thought to over express 

CD171 	include melanoma, cervical carcinoma, ovarian cancer, uterine carcinoma, 

pancreatic cancer, colon carcinoma, renal carcinoma, and glioblastoma. 

101291 	The disclosure provides a chimeric receptor nucleic acid useful for 

transforming or transducing lymphocytes for use in adoptive immunotherapy. In some 

alternatives, the nucleic acid contains a number of modular components that provide for 

easy substitution of elements of the nucleic acid. While not meant to limit the scope of the 

disclosure, it is believed that the chimeric receptor for each tumor antigen is desirably 

customized in terms of components in order to provide for in vivo efficacy and efficient 

expression in mammalian cells. For example, in a specific alternative, for efficacy of a 

chimeric receptor comprising a scFV that binds to a CD171 L I CAM epitope, such as one 

that is the same or similar to that recognized the antibody deemed CE7, or an epitope on 

CD171 or other antigen of the same relative distance from the surface plasma membrane, a 

spacer that is 15 amino acids or less (but not less than 1 or 2 amino acids) is employed. In 

some alternatives, an expression vector comprises a chimeric nucleic acid as described 

herein. Polypeptides encoded by all of or a portion of the chimeric receptor nucleic acids 

are also included herein. 

101301 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a ligand binding domain. In some alternatives, the ligand 

binding domain specifically binds to and/or targets CD171, or a tumor restricted epitope of 

CD171. In some alternatives, the ligand binding domain is an antibody or fragment thereof. 

A nucleic acid sequence coding for an antibody or binding fragment thereof can readily be 

determined. In a specific alternative, the polynucleotide codes for a single chain Fv that 

specifically binds and/or targets CD171 (L1CAM). An exemplary antibody is the CE7 

antibody. An exemplary nucleic acid sequence for the antibody CE7 scFv is provided in 

Figure 5. The sequences of other antibodies are known to or can readily be determined by 

those of skill in the art. 
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101311 	Tumor antigens are proteins that are produced by tumor cells that elicit 

an immune response. The selection of the ligand binding domain of the invention will 

depend on the type of cancer to be treated or inhibited, and may target tumor antigens or 

other tumor cell surface molecules. A tumor sample from a subject may be characterized 

for the presence of certain biomarkers or cell surface markers. For example, neuroblastoma 

cells from a subject are characterized for the presence of CD171 (L1CAM). Other cancer 

or tumor cells may also be characterized for the presence of CD171 (L1CAM) and can be 

treated or inhibited with the compositions described herein. In some alternatives a target 

molecule is a cell surface molecule that is found on tumor cells and is not substantially 

found on normal tissues, or restricted in its expression to non-vital normal tissues. 

10132] 	Once a tumor cell surface molecule that might be targeted with a 

chimeric receptor is identified, an epitope of the target molecule is selected and 

characterized. LI CAM is a cell membrane molecule involved in cell adhesion of neurons. 

LI CAM has several domains including amino acids 1-19 signal peptide, amino acids 35- 

125 Ig-like C2 type 1, amino acids 139-226 lg-like C2 type 2, amino acids 240-328 Ig-like 

C2 type 3, amino acids 333-420 Ig-like C2 type 4, amino acids 425-507 Ig-like C2 type 5, 

amino acids 518-607 Ig-like C2 type 6, amino acids 615-712 fibronectin type III 1, amino 

acids 717-810 fibronectin type III 2, amino acids 814-916 fibronectin type III 3, amino 

acids 920-1015 fibronectin type III 4, and amino acids 1016-1115 fibronectin type III 5. 

Epitopes can be found in any of those domains. One epitope that has been characterized is 

known as the CE7 epitope. The CE7 epitope is an epitope found more often on tumor cells 

as compared to normal tissues. In some alternatives, an epitope of CD171 is selected that is 

found more often on tumor cells than healthy cells. 

101331 	Antibodies that specifically bind and/or targets a tumor cell surface 

molecule can be prepared using methods of obtaining monoclonal antibodies, methods of 

phage display, methods to generate human or humanized antibodies, or methods using a 

transgenic animal or plant engineered to produce human antibodies. Phage display libraries 

of partially or fully synthetic antibodies are available and can be screened for an antibody 

or fragment thereof that can bind to the target molecule. Phage display libraries of human 

antibodies are also available. In some alternatives, antibodies specifically bind, and/or 

target a tumor cell surface molecule and do not cross react with nonspecific components 

such as bovine serum albumin or other unrelated antigens. Once identified, the amino acid 
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sequence or polynucleotide sequence coding for the antibody can be isolated and/or 

determined. 

[0134] 	Antibodies or antigen binding fragments include all or a portion of 

polyclonal antibodies, a monoclonal antibody, a human antibody, a humanized antibody, a 

synthetic antibody, a chimeric antibody, a bispecific antibody, a minibody, and a linear 

antibody. Antibody fragments comprise a portion of an intact antibody, preferably the 

antigen binding or variable region of the intact antibody and can readily be prepared. 

Examples of antibody fragments include Fab, Fab', F(ab')2, and Fv fragments; diabodies; 

linear antibodies; single-chain antibody molecules; and multispecific antibodies formed 

from antibody fragments. A number of anti CD171 antibodies are known and are 

commercially available. 

101351 	In some alternatives, a number of different antibodies that bind to a 

particular tumor cell surface molecule can be isolated and characterized. in some 

alternatives, the antibodies are characterized based on epitope specificity and/or targeting 

of the targeted molecule. In addition, in some cases, antibodies that bind to the same 

epitope can be selected based on the affinity of the antibody for that epitope. In some 

alternatives, an antibody has an affinity of at least 1 mM, and preferably <50 nM. In some 

alternatives, an antibody is selected that has a higher affinity for the epitope as compared to 

other antibodies. For example, an antibody is selected that has at least a 2 fold, at least a 5 

fold, at least a 10 fold, at least a 20 fold, at least a 30 fold, at least a 40 fold, or at least a 50 

fold greater affinity than a reference antibody that binds to the same epitope. 

101361 	In some alternatives, a polynucleotide coding for a ligand binding 

domain is operably linked to a polynucleotide coding for a spacer region. In some 

alternatives, the polynucleotide coding for a ligand binding domain may also have one or 

more restriction enzyme sites at the 5' and/or 3' ends of the coding sequence in order to 

provide 	for easy excision 	and 	replacement 	of the polynucleotide 	with 	another 

polynucleotide coding for a ligand binding domain coding for a different antigen or that 

has different binding characteristics. For example, a restriction site, NheI, is encoded 

upstream of the leader sequence; and a 3' RsrII located within the hinge region allows 

subcloning of any desirable scFv into a chimeric receptor vector. In some alternatives, the 

polynucleotide is codon optimized for expression in mammalian cells. 
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[0137] 	In some alternatives, the polynucleotide coding for a ligand binding 

domain is operably linked to a signal peptide. In some alternatives the signal peptide is a 

signal peptide for granulocyte colony stimulating factor. Polynucleotides coding for other 

signal peptides such as CD8 alpha can be utilized. 

101381 	In some alternatives, the polynucleotide coding for a ligand binding 

domain is operably linked to a promoter. A promoter is selected that provides for 

expression of the chimeric antigen receptor in a mammalian cell. In a specific alternative 

the promoter is the elongation growth factor promoter (EF-l). Another example of a 

suitable promoter is the immediate early cytomegalovirus (CMV) promoter sequence. 

However, other constitutive promoter sequences may also be used, including, but not 

limited to the simian virus 40 (SV 40) early promoter. mouse mammary tumor virus 

(MMTV), human immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, 

MuMoLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate 

early promoter, a Rous sarcoma virus promoter, as well as human gene promoters such as, 

but not limited to, the actin promoter, the myosin promoter, the hemoglobin promoter, and 

the creatine kinase promoter. Inducible promoters are also contemplated. Examples of 

inducible promoters include, but are not limited to a metallothioninc promoter, a 

glucocorticoid promoter, a progesterone promoter, and a tetracycline promoter. A specific 

alternative of a polynucleotide coding for a ligand binding domain is shown in Figure 5 as 

the scFv from an antibody that specifically binds and/or targets epitope Ce7 on CDl 71. 

[0139] 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a spacer region. It has been surprisingly found that the length of 

the spacer region affects the in vivo efficacy of the T cells modified to express the chimeric 

receptor and can be customized for individual target molecules for optimal tumor or target 

cell recognition. In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a customizable spacer region selected from a library of 

polynucleotides coding for spacer regions. In some alternatives, a spacer length is selected 

based upon the location of the epitope, affinity of the antibody for the epitope, and/or the 

ability of the T cells expressing the chimeric receptor to proliferate in vitro and/or in vivo 

in response to antigen recognition. 

[0140] 	Typically a spacer region is found between the ligand binding domain 

and the transmembrane domain of the chimeric receptor. 	In some alternatives, a spacer 
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region provides for flexibility of the ligand binding domain, allows for high expression 

levels in lymphocytes. A CD171specific and/or targeting chimeric receptor having a spacer 

domain of 229 amino acids had less in vivo antitumor activity than a CD171-specific 

and/or targeting chimeric receptor with a short spacer region comprised of 15 amino acids 

or less (but not less than 1 or 2 amino acids). 

10141] 	In some alternatives, a spacer region has at least 10 to 229 amino acids, 

10 to 200 amino acids, 10 to 175 amino acids, 10 to 150 amino acids, 10 to 125 amino 

acids, 10 to 115 amino acids, 10 to 100 amino acids, 10 to 75 amino acids, 10 to 50 amino 

acids, 10 to 40 amino acids, 10 to 30 amino acids, 10 to 20 amino acids, or 10 to 15 amino 

acids, or a length within a range defined by any two of the aforementioned amino acid 

lengths. In some alternatives, a spacer region has 15 amino acids or less (but not less than 1 

or 2 amino acids), 119 amino acids or less (but not less than 1 or 2 amino acids), or 229 

amino acids or less (but not less than 1 or 2 amino acids). 

[0142] 	In some alternatives, the spacer region is derived from a hinge region of 

an immunoglobulin like molecule. In some alternatives, a spacer region comprises all or a 

portion of the hinge region from a human IgGl, human IgG2, a human IgG3, or a human 

IgG4, or modified variant thereof, and may contain one or more amino acid substitutions. 

Exemplary sequences of the hinge regions are provided in Table 6. In some alternatives, a 

portion of the hinge region includes the upper hinge amino acids found between the 

variable heavy chain and the core, and the core hinge amino acids including a polyproline 

region. Typically, the upper hinge region has 3, 4, 5, 6, 7, 8, 9, or 10 amino acids. In some 

cases, the spacer region comprises an amino acid sequence of X1 PPX2P (SEQ ID NO: 1). 

In some alternatives, X1  is a cysteine, glycine, or arginine and X2 is a cysteine or a 

threonine. 

101431 	In some alternatives, hinge region sequences can be modified in one or 

more amino acids in order to avoid undesirable structural interactions such as dimerization. 

In a specific alternative, the spacer region comprises a portion of a modified human hinge 

region from IgG4, for example, as shown in Table 1 or Table 6. A representative of a 

polynucleotide coding for a portion of a modified IgG4 hinge region is provided in Table 

1. In some alternatives, a hinge region can have at least 90%, 92%, 95%, or 100% 

sequence identity with a hinge region amino acid sequence identified in Table 1 or Table 
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6. In a specific alternative, a portion of a human hinge region from IgG4 has an amino acid 

substitution in the core amino acids from CPSP to CPPC. 

[0144] 	In some alternatives, all or a portion of the hinge region is combined 

with one or more domains of a constant region of an immunoglobulin. For example, a 

portion of a hinge region can be combined with all or a portion of a CH2 or CH3 domain 

or variant thereof. In some alternatives, the spacer region does not include the 47-48 amino 

acid hinge region sequence from CD8 alpha, a full length Fc receptor, and/or the spacer 

region consisting of an extracellular portion of the CD28 molecule. 

[0145] 	In some alternatives, a short spacer region has 15 amino acids or less 

(but not less than 1 or 2 amino acids) and comprises all or a portion of a IgG4 hinge region 

sequence or variant thereof, an intermediate spacer region has 119 amino acids or less (but 

not less than 1 or 2 amino acids) and comprises all or a portion of a IgG4 hinge region 

sequence and a CH3 region or variant thereof, and a long spacer has 229 amino acids or 

less (but not less than 1 or 2 amino acids) and comprises all or a portion of a IgG4 hinge 

region sequence, a CH2 region, and a CH3 region or variant thereof 

[0146] 	A polynucleotide coding for a spacer region can be readily prepared by 

synthetic or recombinant methods from the amino acid sequence. In some alternatives, a 

polynucleotide coding for a spacer region is operably linked to a polynucleotide coding for 

a transmembrane region. In some alternatives, the polynucleotide coding for the spacer 

region may also have one or more restriction enzyme sites at the 5' and/or 3' ends of the 

coding sequence in order to provide for easy excision and replacement of the 

polynucleotide with another polynucleotide coding for a different spacer region. In some 

alternatives, the polynucleotide coding for the spacer region is codon optimized for 

expression in mammalian cells, preferably humans. 

[0147] 	In some alternatives, a library of polynucleotides, each coding for 

different spacer region is provided. In some alternatives, the spacer region is selected from 

the group consisting of a hinge region sequence from IgGI, IgG2, IgG3, or IgG4 or portion 

thereof, a hinge region sequence from IgGI, IgG2, IgG3, or IgG4 in combination with all 

or a portion of a CH2 region or variant thereof, a hinge region sequence from IgGI, IgG2, 

IgG3, or IgG4 in combination with all or a portion of a CH3 region or variant thereof, and 

a hinge region sequence from IgGI, IgG2, lgG3, or IgG4 in combination with all or a 

portion of a CH2 region or variant thereof, and a CH3 region or variant thereof. In some 
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alternatives, a short spacer region is a modified IgG4 hinge sequence having 15 amino 

acids or less (but not less than 1 or 2 amino acids), an intermediate sequence is a IgG4 

hinge sequence with a CH3 sequence having 119 amino acids or less (but not less than 1 or 

2 amino acids) (SEQ ID NO:49); or a IgG4 hinge sequence with a CH2 and CH3 region 

having 229 amino acids or less (but not less than 1 or 2 amino acids). 

	

101481 	In some alternatives, a method of selecting a spacer region for a 

chimeric receptor is provided herein. Surprisingly some chimeric receptor 	constructs, 

although effective to activate T cells and direct their killing of tumor cells in vitro, were 

not effective in vivo. In addition, the side effect profile of the chimeric receptor modified T 

cells can be such as to result in more cells undergoing activation induced cell death or 

causing an increase in in vivo cytokines. In some alternatives, a method comprises 

providing a plurality of chimeric receptor nucleic acids, wherein the chimeric receptor 

nucleic acids differ only in the spacer region; introducing each of the chimeric receptor 

	

nucleic acids 	into a separate T lymphocyte population; expanding each separate 

lymphocyte population in vitro, and introducing each lymphocyte population into an 

animal bearing a tumor to determine the anti-tumor efficacy of each of the chimeric 

receptors when expressed in T cells, and selecting a chimeric receptor that provides anti-

tumor efficacy as compared to each of the other separate lymphocyte populations modified 

with each of the other chimeric receptors. 

	

101491 	Animal models of different tumors are known. Anti-tumor efficacy can 

be measured by identifying a decrease in tumor volume, by determining animal death, 

persistence of the genetically modified T cells in vivo, activation of genetically modified T 

cells (for example, by detecting an increase in expression of CD25 and/CD69), and/or 

proliferation of genetically modified T cells in vivo. In some alternatives, a chimeric 

receptor is selected that provides for the best anti-tumor efficacy in vivo as determined by 

one or more of these parameters. Lack of anti-tumor efficacy can be determined by lack of 

persistence of the genetically modified lymphocytes in vivo, animal death, an increase in 

apoptosis as measured by an increase in induction of caspase -3, and/or a decrease in 

proliferation of genetically modified lymphocytes. 

	

101501 	In some alternatives, a chimeric receptor is selected that provides for at 

least 30% of the cells proliferating through two generations in vitro and/or in vivo. In other 

72 



alternatives a chimeric receptor is not selected if it results in at least 50% of the cells 

undergoing activation induced cell death in 72 hours. 

[0151] 	In some alternatives, providing a plurality of chimeric receptor nucleic 

acids, wherein the chimeric receptor nucleic acids differ only in the spacer region 

comprises providing a chimeric receptor construct comprising a polynucleotide coding for 

a ligand binding domain, wherein the ligand is a tumor specific and/or tumor targeting 

antigen, or any other molecule expressed on a target cell population that is suitable to 

mediate recognition and elimination by a lymphocyte; a polynucleotide coding for a first 

polypeptide spacer having a defined restriction site at the 5' and 3' end of the coding 

sequence for the first polypeptide spacer; a polynucleotide coding for a transmembrane 

domain; and a polynucleotide coding for one or more intracellular signaling domains. 

[0152] 	In some alternatives, a method further comprises providing one or more 

polynucleotides, each encoding a different spacer region. Exemplary constructs are 

provided in Figure 5, 7, and 9. In some alternatives, a method further comprises replacing 

the polynucleotide coding for the spacer region with a polynucleotide encoding a different 

spacer region to form a chimeric receptor nucleic acid with a different spacer region. The 

method can be repeated to form any number of chimeric receptor nucleic acids, each 

differing in the spacer region. In some alternatives, the chimeric receptor nucleic acids 

differ from one another only in the spacer region. 

[0153] 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for a transmembrane domain. The transmembrane domain provides 

for anchoring of the chimeric receptor in the membrane. 	In some alternatives, the 

transmembrane domain that naturally is associated with one of the domains in the chimeric 

receptor is used. In some cases, 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 to minimize interactions with other 

members of the receptor complex. 

[0154] 	The transmembrane domain may be derived either from a natural or a 

synthetic source. When the source is natural, the domain may be derived from any 

membrane-bound or transmembrane protein. Transmembrane regions comprise at least the 

transmembrane region(s) of) the alpha, beta or zeta chain of the T-cell receptor, CD28, 

CD3, CD45, CD4, CD8, CD9, CD16, CD22; CD33, CD37, CD64, CD80, CD86, CD134, 
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CD137 and/or CD154. In a specific alternative, the transmembrane domain comprises the 

amino acid sequence of the CD28 transmembrane domain as shown in Table 1. A 

representative polynucleotide sequence coding for the CD28 transmembrane domain is 

shown in Table 1 (SEQ ID NO:5). 

10155] 	A transmembrane domain may be synthetic or a variant of a naturally 

occurring 	transmembrane 	domain. 	In 	some 	alternatives, 	synthetic 	or 	variant 

transmembrane domains comprise predominantly hydrophobic residues such as leucine 

and valine. In some alternatives, a transmembrane domain can have at least 80%, 85%, 

90%, 95%, or 100% amino acid sequence identity with a transmembrane domain as shown 

in Table 1 or Table 3. Variant transmembrane domains preferably have a hydrophobic 

score of at least 50 as calculated by Kyte-Doolittle. 

101561 	A polynucleotide coding for a transmembrane domain can be readily 

prepared by synthetic or recombinant methods. hi some alternatives, a polynucleotide 

coding for a transmembrane domain is operably linked to a polynucleotide coding for a 

intracellular signaling region. In some alternatives, the polynucleotide coding for a 

transmembrane domain may also have one or more restriction enzyme sites at the 5' and/or 

3' ends of the coding sequence in order to provide for easy excision and replacement of the 

polynucleotide coding for a transmembrane domain with another polynucleotide coding for 

a different transmembrane domain. In some alternatives, the polynucleotide coding for a 

transmembrane domain is codon optimized for expression in mammalian cells. 

101571 	In some alternatives, the chimeric receptor nucleic acid comprises a 

polynucleotide coding for an intracellular signaling domain. The intracellular signaling 

domain provides for activation of one function of the transduced cell expressing the 

chimeric receptor upon binding to the ligand expressed on tumor cells. In some 

alternatives, the intracellular signaling domain contains one or more costimulatory 

domains. In some alternatives, the intracellular signaling domain is a portion of and/or a 

variant of an intracellular signaling domain that provides for activation of at least one 

function of the transduced cell. 

101581 	Examples of intracellular signaling domains for use in a chimeric 

receptor of the disclosure include the cytoplasmic sequences of the CD3 zeta chain, and/or 

co-receptors that act in concert to initiate signal transduction following chimeric receptor 

engagement, as well as any derivative or variant of these sequences and any synthetic 
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sequence that has the same functional capability. T cell activation can be said to be 

mediated by two distinct classes of cytoplasmic signaling sequence: those that initiate 

antigen-dependent primary activation and provide a T cell receptor like signal (primary 

cytoplasmic signaling sequences) and those that act in an antigen-independent manner to 

provide a secondary or co-stimulatory signal (secondary cytoplasmic signaling sequences). 

Primary cytoplasmic signaling sequences that act in a stimulatory manner may contain 

signaling motifs which are known as receptor tyrosine-based activation motifs or ITAMs. 

Examples of ITAM containing primary cytoplasmic signaling sequences include those 

derived from CD3 zeta, FcR gamma, CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, 

CD79a, CD79b, and/or CD66d. In some alternatives, the primary signaling intracellular 

domain can have at least 80%, 85%, 90%, or 95% sequence identity to CD3zeta having a 

sequence provided in Table 1. In some alternatives, variants of CD3 zeta retain at least 

one, two, three or all ITAM regions as shown in Table 5. 

101591 	In a preferred alternative, the intracellular signaling domain of the 

chimeric receptor can be designed to comprise the CD3-zeta signaling domain by itself or 

combined with any other desired cytoplasmic domain(s). For example, the intracellular 

signaling domain of the chimeric receptor can comprise a CD3-zeta chain and a 

costimulatory signaling region. 

[0160] 	The costimulatory signaling region refers to a portion of the chimeric 

receptor comprising the intracellular domain of a costimulatory molecule. A costimulatory 

molecule is a cell surface molecule other than an antigen receptor or their ligands that is 

required for a response of lymphocytes to an antigen. Examples of such molecules include 

CD27, CD28, 4-1BB (CD 137), OX40, CD30, CD40, lymphocyte function-associated 

antigen-1 (LFA-l), CD2, CD7, LIGHT, NKG2C, B7-H3, and/or a ligand that specifically 

binds with CD83 and/or targets CD83. In some alternatives, the costimulatory signaling 

domain can have at least 80%, 85%, 90%, or 95% amino acid sequence identity to the 

intracellular domain of CD28 as shown in Table 3 or to 4-1BB having a sequence 

provided in Table 4. In some alternatives, a variant of the CD28 intracellular domain 

comprises an amino acid substitution at positions 186-187, wherein LL is substituted with 

GG. 

101611 	The intracellular signaling sequences of the chimeric receptor may be 

linked to each other in a random or specified order. Optionally, a short oligo- or 
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polypeptide linker, preferably between 2 and 10 amino acids in length may form the 

linkage. In one alternative, the intracellular signaling domains comprises all or a portion 

of the signaling domain of CD3-zeta or variant thereof and all or a portion of the signaling 

domain of CD28 or a variant thereof. In another alternative, the intracellular signaling 

domain comprises all or a portion of the signaling domain of CD3-zeta or variant thereof 

and all or a portion of the signaling domain of 4-1BB or variant thereof. In yet another 

alternative, the intracellular signaling domain comprises all or a portion of the signaling 

domain of CD3-zeta or variant thereof, all or a portion of the signaling domain of CD28 or 

variant thereof, and all or a portion of the signaling domain of 4-1BB or variant thereof. In 

a specific alternative, the amino acid sequence of the intracellular signaling domain 

comprising a variant of CD3zeta and a portion of the 4-1BB intracellular signaling domain 

is provided in Table 1. A representative nucleic acid sequence is provided in Table 1. 

10162] 	In some alternatives, a polynucleotide coding for an intracellular 

signaling domain comprises a 4-1BB intracellular domain linked to a portion of a CD3-

zeta domain. In other alternatives, the intracellular signaling domain includes only a single 

costimulatory domain and does not include dual costimulatory domains, such as CD28 

cyto combined with 4-1BB costimulatory domains. 

10163] 	In some alternatives, a polynucleotide coding for an intracellular 

signaling domain that comprises a CD28 domain linked to a 4-1BB intracellular domain 

linked to a portion of a CD3-zeta domain is provided in Figure 11. 	A polynucleotide 

coding for an intracellular signaling domain can be readily prepared by synthetic or 

recombinant methods 	from the amino 	acid 	sequence. 	In some 	alternatives, 	the 

polynucleotide coding for an intracellular signaling domain may also have one or more 

restriction enzyme sites at the 5' and/or 3' ends of the coding sequence in order to provide 

for easy excision and replacement of the polynucleotide coding for an intracellular 

signaling domain with another polynucleotide coding for a different intracellular signaling 

domain. 	In some alternatives, the polynucleotide coding for an intracellular signaling 

domain is codon optimized for expression in mammalian cells, preferably humans. 

10164] 	In some alternatives, the chimeric receptor nucleic acid optionally 

further comprises a polynucleotide sequence coding for a marker. A marker sequence 

preferably encodes a cell surface expressed marker that can allow for selection of 

transduced cells, and/or identification of transduced cells. In some alternatives, the marker 
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sequence is operably linked to a polynucleotide sequence coding for a linker sequence. In 

some alternatives, the linker sequence is a cleavable linker sequence. 

[0165] 	A number of different marker sequences can be employed. Typically a 

marker sequence has a functional characteristic that allows for selection of transduced cells 

and/or detection of transduced cells. In some alternatives, the marker sequence is 

compatible with transduction of human lymphocytes. 

[0166] 	The positive selectable marker may be a gene, which upon being 

introduced into the host cell, expresses a dominant phenotype permitting positive selection 

of cells carrying the gene. Genes of this type are known in the art, and include, inter alia, 

hygromycin-B phosphotransferase gene (hph) which confers resistance to hygromycin B, 

the amino glycoside phosphotransferase gene (neo or aph) from Tn5 which codes for 

resistance to the antibiotic G418, the dihydrofolate reductase (DHFR) gene, the adenosine 

deaminase gene (ADA), and/or the multi-drug resistance (MDR) gene. 

[0167] 	In some alternatives, a chimeric receptor nucleic acid further comprises 

a polynucleotide coding for a marker. In some alternatives, the marker sequence encodes a 

truncated epidermal growth factor receptor, which is expressed at the cell surface. An 

exemplary polynucleotide for the truncated epidermal growth factor receptor is shown in 

Table 1. In some alternatives, the polynucleotide coding for the marker is operably linked 

to a polynucleotide coding for a linker sequence. In a specific alternative, the linker 

sequence is a cleavable linker sequence T2A, as shown in Table 1. An exemplary 

polynucleotide sequence coding for the T2A linker is provided in Table 1. 

[0168] 	A polynucleotide coding for marker can be readily prepared by synthetic 

or recombinant methods from the amino acid sequence. 	In some alternatives a 

polynucleotide coding for a marker is operably linked to a polynucleotide coding for an 

intracellular signaling domain. In some alternatives, the polynucleotide coding for a marker 

may also have one or more restriction enzyme sites at the 5' and/or 3' ends of the coding 

sequence in order to provide for easy excision and replacement of the polynucleotide 

coding for a marker with another polynucleotide coding for a different marker. In some 

alternatives, the polynucleotide coding for a marker is codon optimized for expression in 

mammalian cells. 

[0169] 	The compositions described herein provide for CD4+ and/or CD8+ 1' 

lymphocytes. T lymphocytes can be collected in accordance with known techniques and 

77 



enriched or depleted by known techniques such as affinity binding to antibodies such as 

flow cytometry and/or immunomagnetic selection. After enrichment and/or depletion 

steps, in vitro expansion of the desired T lymphocytes can be carried out in accordance 

with known techniques (including but not limited to those described in US Patent No. 

6,040,177 to Riddell et al.), or variations thereof that will be apparent to those skilled in 

the art. In some alternatives, the T cells are autologous T cells obtained from the patient. 

101701 	For example, the desired T cell population or subpopulation may be 

expanded by adding an initial T lymphocyte population to a culture medium in vitro, and 

then adding to the culture medium feeder cells, such as non-dividing peripheral blood 

mononuclear cells (PBMC), (e.g., such that the resulting population of cells contains at 

least 5, 10, 20, or 40 or more PBMC feeder cells for each T lymphocyte in the initial 

population to be expanded); and incubating the culture (e.g. for a time sufficient to expand 

the numbers of T cells). The non-dividing feeder cells can comprise gamma-irradiated 

PBMC feeder cells. In some alternatives, the PBMC are irradiated with gamma rays in the 

range of 3000 to 3600 rads to prevent cell division. The order of addition of the T cells 

and feeder cells to the culture media can be reversed if desired. The culture can typically be 

incubated under conditions of temperature and the like that are suitable for the growth of T 

lymphocytes. For the growth of human T lymphocytes, for example, the temperature will 

generally be at least 25 degrees Celsius, preferably at least 30 degrees. more preferably 37 

degrees. 

10171] 	The T lymphocytes expanded include CD8-  cytotoxic T lymphocytes 

(CTL) and CD4+  helper T lymphocytes that may be specific for an antigen present on a 

human tumor or a pathogen. Optionally, the expansion method may further comprise the 

step of adding non-dividing EBV-transformed lymphoblastoid cells (LCL) as feeder cells. 

LCL can be irradiated with gamma rays in the range of 6000 to 10,000 rads. The LCL 

feeder cells may be provided in any suitable amount, such as a ratio of LCL feeder cells to 

initial T lymphocytes of at least 10:1.0ptionally, the expansion method may further 

comprise the step of adding anti-CD3 and/or anti CD28 antibody to the culture medium 

(e.g., at a concentration of at least 0.5 ng/ml). Optionally, the expansion method may 

further comprise the step of adding IL-2 and/or IL-15 to the culture medium (e.g., wherein 

the concentration of 1L-2 is at least 10 units/ml). After isolation of T lymphocytes both 
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cytotoxic and helper T lymphocytes can be sorted into nave, memory, and effector T cell 

subpopulations either before or after expansion. 

10172] 	CD8+ T cells can be obtained by using standard methods. In some 

alternatives, CD8+ T cells are further sorted into naïve, central memory, and effector 

memory cells by identifying cell surface antigens that are associated with each of those 

types of CD8+ T cells. In some alternatives, memory T cells are present in both CD62L+ 

and CD62L- subsets of CD8+ peripheral blood lymphocytes. PBMC are sorted into 

CD62L-CD8+ and/or CD62L+CD8+ fractions after staining with anti-CD8 and anti- 

CD62L antibodies. In some alternatives, the expression of phenotypic markers of central 

memory TCM include CD45RO, CD62L, CCR7, CD28, CD3, and/or CD127 and are 

negative or low for granzyme B and/or CD45RA. In some alternatives, central memory T 

cells are CD45RO+, CD62L+, or CD8+ T cells. In some alternatives, effector TE  are 

negative for CD62L., CCR7, CD28, and/or CD127, and positive for granzyme B and/or 

perforM. In some alternatives, nave CD8+ T lymphocytes are characterized by the 

expression of phenotypic markers of naïve I cells including CD62L, CCR7, CD28, CD3, 

CD127, and/or CD45RA. 

10173] 	Whether a cell or cell population is positive for a particular cell surface 

marker can be determined by flow cytometry using staining with a specific antibody for the 

surface marker and an isotype matched control antibody. A cell population negative for a 

marker refers to the absence of significant staining of the cell population with the specific 

antibody above the isotype control, positive refers to uniform staining of the cell 

population above the isotype control. In some alternatives, a decrease in expression of one 

or markers refers to loss of 1 log10 in the mean fluorescence intensity and/or decrease of 

percentage of cells that exhibit the marker of at least 20% of the cells, 25% of-the cells, 

30% of the cells, 35% of the cells, 40% of the cells, 45% of the cells, 50% of the cells, 

55% of the cells, 60% of the cells, 65% of the cells, 70% of the cells, 75% of the cells, 

80% of the cells, 85% of the cells, 90% of the cell, 95% of the cells, and 100% of the cells 

and any % between 20 and 100% when compared to a reference cell population. In some 

alternatives, a cell population positive for one or markers refers to a percentage of cells 

that exhibit the marker of at least 50% of the cells, 55% of the cells, 60% of the cells, 65% 

of the cells, 70% of the cells, 75% of the cells, 80% of the cells. 85% of the cells, 90% of 
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the cell. 95% of the cells, and 100% of the cells and any % between 50 and 100% when 

compared to a reference cell population. 

10174] 	CD4+ T helper cells are sorted into naive, central memory, and effector 

cells by identifying cell populations that have cell surface antigens. CD4+ lymphocytes can 

be obtained by standard methods. In some alternatives, naive CD4+ T lymphocytes are 

CD45RO-, CD45RA+, CD62L+, and/or CD4+ T cells. 	In some alternatives, central 

memory CD4+ cells are CD62L+ and/or CD45RO+. In some alternatives. effector CD4+ 

cells are CD62L- and/or CD45RO-. 

101751 	In some alternatives, populations of CD4+ and CD8+ that are antigen 

specific can be obtained by stimulating naive or antigen specific T lymphocytes with 

antigen. For example, antigen-specific T cell lines or clones can be generated to 

Cytomegalovirus antigens by isolating T cells from infected subjects and stimulating the 

cells in vitro with the same antigen. Naive T cells may also he used. Any number of 

antigens from tumor cells may be utilized as targets to elicit T cell responses. In some 

alternatives, the adoptive cellular immunotherapy compositions are useful in the treatment 

of a disease or disorder including a solid tumor, hematologic malignancy, breast cancer or 

melanoma. 

(0176] 	In some alternatives it may be desired to introduce functional genes into 

the T cells to be used in immunotherapy in accordance with the present disclosure. For 

example, the introduced gene or genes may enhance or improve the efficacy of therapy by 

promoting the viability and/or function of transferred T cells; or they may provide a genetic 

marker to permit selection and/or evaluation of in vivo survival or migration; or they may 

incorporate functions that enhance or improve the safety of immunotherapy, for example, 

by making the cell susceptible to negative selection in vivo as described by Lupton S. D. et 

al., Mol. and Cell Biol.. 11:6 (1991); and Riddell et al., Human Gene Therapy 3:319-338 

(1992); see also the publications of PCT/US91/08442 and PCT/US94/05601 by Lupton et 

al. describing the use of bifunctional selectable fusion genes derived from fusing a 

dominant positive selectable marker with a negative selectable marker. This can be carried 

out in accordance with known techniques (see, e.g., US Patent No. 6,040,177 to Riddell et 

al. at columns 14-17) or variations thereof that will be apparent to those skilled in the art 

based upon the present disclosure. 
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101771 	In some alternatives, 'I' cells are modified with chimeric receptors, as 

described herein. 	In some alternatives, the T cells are obtained from the subject to be 

treated, in other alternatives, the lymphocytes are obtained from allogeneic human donors, 

preferably healthy human donors. Preferably, the T cells containing the chimeric antigen 

receptors, as described herein, are derived from thymocytes (naturally arising in humans), 

as well as, those that are derived from engineered precursors, such as iPS cells. 

0178] 	In some alternatives, chimeric receptors comprise a ligand binding 

domain that specifically binds and/or targets a tumor cell surface molecule, a polypeptide 

spacer region, a transmembrane domain and an intracellular signaling domain, as described 

herein. In some alternatives, the ligand binding domain is a single-chain antibody fragment 

(scFv) that is derived from the variable heavy (VH) and variable light (VL) chains of a 

monoclonal antibody (mAb). Costimulatory signals can also be provided through the 

chimeric receptor by fusing the costimulatory domain of CD28 and/or 4-1BB to the CD3 

chain. Chimeric receptors are specific and/or target cell surface molecules independent 

from IILA, thus overcoming the limitations of TCR-recognition including I ILA-restriction 

and low levels of HLA-expression on tumor cells. 

10179] 	In some alternatives, the same or a different chimeric receptor can be 

introduced into each of population of CD4+ and CD8+ T lymphocytes. In some 

alternatives, the chimeric receptor in each of these populations has a ligand binding 

domain that specifically binds to and/or targets the same ligand on the tumor or infected 

cell. The cellular signaling modules can differ. In some alternatives, the intracellular 

signaling domain of the CD8+ cytotoxic T cells is the same as the intracellular signaling 

domain of the CD4+ helper T cells. In other alternatives, the intracellular signaling domain 

of the CD8+ cytotoxic T cells is different than the intracellular signaling domain of the 

CD4+ helper T cells. 

101801 	In some alternatives each of the CD4 or CD8 T lymphocytes can be 

sorted in to naïve, central memory, effector memory or effector cells prior to transduction 

as described herein. In alternative alternatives, each of the CD4 or CD8 T lymphocytes can 

be sorted in to naive, central memory, effector memory, or effector cells after transduction. 

10181] 	Various transduction techniques have been developed, which utilize 

recombinant infectious virus particles for gene delivery. This represents a currently 

preferred approach to the transduction of T lymphocytes of the present invention. The viral 
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vectors which have been used in this way include virus vectors derived from simian virus 

40. adenoviruses, adeno-associated virus (AAV), lentiviral vectors, and/or retroviruses. 

Thus, gene transfer and expression methods are numerous but essentially function to 

introduce and express genetic material in mammalian cells. Several of the above 

techniques have been used to transduce hernatopoietic or lymphoid cells, including 

calcium phosphate transfection, protoplast fusion, electroporation, and/or infection with 

recombinant adenovirus, adeno-associated virus and/or retrovirus vectors. Primary T 

lymphocytes have been successfully transduced by electroporation and by retroviral or 

lentiviral infection. 

[01821 	Retroviral and lentiviral vectors provide a highly efficient method for 

gene transfer into eukaryotic cells. Moreover, retroviral or lentiviral integration takes place 

in a controlled fashion and results in the stable integration of one or a few copies of the 

new genetic information per cell. 

[0183] 	In some alternatives it may be useful to include in the T cells a positive 

marker that enables the selection of cells of the negative selectable phenotype in vitro. The 

positive selectable marker may be a gene that upon being introduced into the host cell 

expresses a dominant phenotype permitting positive selection of cells carrying the gene. 

Genes of this type are known in the art, and include, inter alia, hygromycin-B 

phosphotransferase gene (hph), which confers resistance to hygromycin B, the amino 

glycoside phosphotransferase gene (neo or aph) from Tn5, which codes for resistance to 

the antibiotic G418, the dihydrofolate reductase (DHFR) gene, the adenosine deaminase 

gene (ADA), and/or the multi-drug resistance (MDR) gene. 

[0184] 	A variety of methods can be employed for transducing T lymphocytes, 

as is well known in the art. In some alternatives, transduction is carried out using lentiviral 

vectors. In some alternatives, CD4+ and CD8+ T cells each can separately be modified 

with an expression vector encoding a chimeric receptor to form defined populations. In 

some alternatives, these cells are then further sorted into subpopulations of naïve, central 

memory and effector cells as described above by sorting for cell surface antigens unique to 

each of those cell populations. In addition, CD4+ or CD8+ T cell populations may be 

selected by their cytokine profile or proliferative activities. For example, CD4+ T 

lymphocytes that have enhanced production of cytokines such as IL-2, IL-4, IL-10, TNFa, 

and/or IFNy as compared to sham transduced cells or transduced CD8+ cells when 
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stimulated with antigen can be selected. In other alternatives, naïve or central memory 

CD4+ T cells that have enhanced production of IL-2 and/or TNFa are selected. Likewise, 

CD8+ cells that have enhanced IFNI,  production are selected as compared to sham.  

transduced CD8+ cells. 

10185] 	In some alternatives, CD4+ and CD8+ T cells that proliferate in 

response to antigen or tumor targets are selected. For example, CD4+ T cells that 

proliferate vigorously when stimulated with antigen or tumor targets as compared to sham 

transduced cells, or CD8+ transduced cells are selected. In some alternatives, CD4+ and 

CD8+ T cells are selected that are cytotoxic for antigen bearing cells. In some alternatives, 

CD4+ T cells are expected to be weakly cytotoxic, as compared to CD8+ T cells. 

10186] 	In a preferred alternative, transduced lymphocytes, such as CD8+ 

central memory cells, are selected that provide for tumor cell killing in vivo using an 

animal model established for the particular type of cancer. Such animal models are known 

to those of skill in the art and exclude human beings. As described herein, not all chimeric 

receptor constructs transduced into lymphocytes confer the ability to kill tumor cells in 

vivo despite the ability to become activated and kill tumor cells in vitro. In particular, for 

some target molecules T cells having chimeric receptor constructs with a long spacer 

region were less effective at killing tumor cells in vivo as compared to T cells having a 

chimeric receptor with short spacer region. 

10187] 	The disclosure contemplates that combinations of CD4+ and CD8+ T 

cells will be utilized in the compositions. In one alternative, combinations of chimeric 

receptor transduced CD4+ cells can be combined with chimeric receptor transduced CD8+ 

cells of the same ligand specificity or combined with CD8+  T cells that are specific and/or 

targets for a distinct tumor ligand. In other alternatives, chimeric receptor transduced 

CD8+ cells are combined with chimeric receptor transduced CD4+ cells specific for and/or 

can target a different ligand expressed on the tumor. In yet another alternative, chimeric 

receptor modified CD4+ and CD8+ cells are combined. In some alternatives CD8+ and 

CD4+ cells can be combined in different ratios for example, a 1:1 ratio of CD8+ and 

CD4+, a ratio of 10:1 of CD8+ to CD4+, or a ratio of 100:1 of CD8+ to CD4+. In some 

alternatives, the combined population is tested for cell proliferation in vitro and/or in vivo, 

and the ratio of cells that provides for proliferation of cells is selected. 
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[0188] 	As described herein, the disclosure contemplates that CD4+ and CD8+ 

T cells can be further separated into subpopulations, such as naive, central memory, and 

effector memory cell populations. As described herein, in some alternatives, naïve CD4+ 

cells are CD45RO-, CD45RA+, CD62L+, CD4+ positive T cells. 	In some alternatives, 

central memory CD4+ cells are CD62L positive and CD45RO positive. In some 

alternatives, effector CD4+ cells are CD62L negative and CD45RO positive. Each of these 

populations may be independently modified with a chimeric receptor. 

[0189] 	After transduction and/or selection for chimeric receptor bearing cells, 

the cell populations are preferably expanded in vitro until a sufficient number of cells are 

obtained to provide for at least one infusion into a human subject, typically around 104  

cells/kg to 109  cells/kg. In some alternatives, the transduced cells are cultured in the 

presence of antigen bearing cells, anti CD3, anti CD28, and IL- 2, IL-7, IL- 15, or IL-21 or 

combinations thereof. 

[0190] 	Each of the subpopulations of CD4+ and CD8+ cells can be combined 

with one another. In a specific alternative, modified naïve or central memory CD4+ cells 

are combined with modified central memory CD8+ T cells to provide a synergistic 

cytotoxic effect on antigen bearing cells, such as tumor cells. 

[0191] 	The disclosure provides for an adoptive cellular immunotherapy 

composition comprising a genetically modified T lymphocyte cell preparation, as described 

herein. 

[0192] 	In some alternatives, the T lymphocyte cell preparation comprises CD4 

+ T cells that have a chimeric receptor comprising an extracellular antibody variable 

domain specific for a ligand associated with the disease or disorder, a customizable spacer 

region, a transmembrane domain, and an intracellular signaling domain of a T cell receptor 

or other receptors, as described herein. 	In other alternatives, an adoptive cellular 

immunotherapy composition further comprises a chimeric receptor modified tumor-

specific CD8+ cytotoxic T lymphocyte cell preparation that provides a cellular immune 

response, wherein the cytotoxic T lymphocyte cell preparation comprises CD8+ T cells 

that have a chimeric receptor comprising an extracaular single chain antibody specific for 

a ligand associated with the disease or disorder, a customizable spacer region, a 

transmembrane domain, and an intracellular signaling domain of a T cell receptor, as 

described herein. 
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10193] 	In some alternatives, an adoptive cellular immunotherapy composition 

comprises a chimeric receptor modified tumor-specific CD8+ cytotoxic T lymphocyte cell 

preparation that provides a cellular immune response, wherein the cytotoxic T lymphocyte 

cell preparation comprises CD8+ T cells that have a chimeric receptor comprising an 

extracellular single chain antibody that can target and/or is specific for a ligand associated 

with the disease or disorder, a customizable spacer region, a transmembrane domain, and 

an intracellular signaling domain of a T cell receptor, in combination with an antigen- 

reactive chimeric receptor modified naive CD4+ T helper cell 	derived from CD45RO- 

CD62L+ CD4+ T cells, and a pharmaceutically acceptable carrier. 

10194] 	In other alternatives, an adoptive cellular immunotherapy composition 

comprises an antigen specific and/or targeting CD8+ cytotoxic T lymphocyte cell 

preparation that provides a cellular immune response derived from the patient combined 

with an antigen-reactive chimeric receptor modified naive CD4+ T helper cell that 

augments the CD8+ immune response, wherein the helper T lymphocyte cell preparation 

comprises CD4 + T cells that have a chimeric receptor comprising an extracellular 

antibody variable domain that can target and/or is specific for the antigen associated with 

the disease or disorder, a customizable spacer region, a transmembrane domain, and an 

intracellular signaling domain of a T cell receptor. 

[0195] 	In 	a 	further 	alternative, 	an 	adoptive 	cellular 	immunotherapy 

composition comprises an antigen-reactive chimeric receptor modified naive CD4+ T 

helper cell that augments the CD8+ immune response, wherein the helper T lymphocyte 

cell preparation comprises CD4 + T cells that have a chimeric receptor comprising an 

extracellular antibody variable domain that can target and/or is specific for a ligand 

associated with a disease or disorder, a customizable spacer region, a transmembrane 

domain, and an intracellular signaling domain of a T cell receptor. 

[0196] 	In some alternatives, the CD4+ T helper lymphocyte cell is selected 

from the group consisting of naive CD4+ T cells, central memory CD4+ I cells, effector 

memory CD4+ T cells, or bulk CD4+ T cells. In some alternatives, CD4+ helper 

lymphocyte cell is a naïve CD4+ T cell, wherein the naive CD4+ T cell comprises a 

CD45RO-, CD45RA+, and/or CD62L+ CD4+ T cell. In some alternatives, the CD8+ T 

cytotoxic lymphocyte cell is selected from the group consisting of naive CD8+ T cells, 

central memory CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In 
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some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell 

wherein the central memory T cell comprises a CD45RO+, CD62L+, and/or CD8+ T cell. 

In yet other alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell 

and the CD4+ helper T lymphocyte cell is a naive or central memory CD4+ T cell. 

[0197] 	The disclosure provides methods of making adoptive immunotherapy 

compositions and uses or methods of using these compositions for performing cellular 

immunotherapy in a subject having a disease or disorder. Proliferation and persistence of 

the chimeric receptor modified T cells can be determined by using an animal model of the 

disease or disorder and administering the cells and determining persistence and/ or 

proliferative capacity of the transferred cells. In other alternatives, proliferation and 

activation can be tested in vitro by going through multiple cycles of activation with antigen 

bearing cells. 

[0198] 	In some alternatives, a method of manufacturing the compositions 

comprises obtaining a modified naive CD4+ T helper cell, wherein the modified helper T 

lymphocyte cell preparation comprises CD4+ T cells that have a chimeric receptor 

comprising a ligand binding domain that can target and/or is specific for a tumor cell 

surface molecule, a customized spacer domain, a transmembrane domain, and an 

intracellular signaling domain as described herein. 

[0199] 	In another alternative, a method further comprises obtaining a modified 

CD8+ cytotoxic T cell, wherein the modified cytotoxic T lymphocyte cell preparation 

comprises CD8+ cells that have a chimeric receptor comprising a ligand binding domain 

that can target and/or is specific for a tumor cell surface molecule, a customized spacer 

domain, a transmembrane domain, and an intracellular signaling domain as described 

herein. 

[0200] 	In another alternative, a method comprises obtaining a modified CD8+ 

cytotoxic T cell, wherein the modified cytotoxic T lymphocyte cell preparation comprises 

CD8+ T cells that have a chimeric receptor comprising a ligand binding domain that can 

target and/or is specific for a tumor cell surface molecule, a customized spacer domain, a 

transmembrane domain, and an intracellular signaling domain, as described herein, and 

further comprising combining the modified CD8+ cytotoxic T cells with a CD4+ helper 

cell lymphocyte cell preparation. 

86 



102011 	The preparation of the CD4+ and CD8+ cells that are modified with a 

chimeric receptor has been described above as well as in the examples. Antigen specific or 

antigen targeting T lymphocytes can be obtained from a patient having the disease or 

disorder or can be prepared by in vitro stimulation of T lymphocytes in the presence of 

antigen. Subpopulations of CD4+ and CD8+ T lymphocytes that are not selected for 

antigen specificity or targeting can also be isolated as described herein and combined in the 

methods of manufacturing. In some alternatives, the combination of cell populations can 

be evaluated for uniformity of cell surface makers, the ability to proliferate through at least 

two generations, to have a uniform cell differentiation status. Quality control can be 

performed by coculturing an cell line expressing the target ligand with chimeric receptor 

modified T cells to determine if the chimeric receptor modified T cells recognize the cell 

line using cytotoxicity, proliferation, or cytokine production assays that are known in the 

field. Cell differentiation status and cell surface markers on the chimeric receptor modified 

T cells can be determined by flow cytometry. In some alternatives, the markers and cell 

differentiation status on the CD8+ cells include CD3, CD8, CD62L, CD28, CD27, CD69, 

CD25, PD-1, CTLA-4. CD45RO, and/or CD45RA. In some alternatives, the markers and 

the cell differentiation status on the CD4+ cells include CD3, CD4, CD62L, CD28, CD27, 

CD69, CD25, PD-1, CTLA-4 CD45RO, and/or CD45RA. 

102021 	In some alternatives, a method of selecting a spacer region for a 

chimeric receptor is provided herein. Surprisingly some chimeric receptor constructs, 

although effective to activate T cells in vitro, were not effective in vivo. In some 

alternatives, a method comprises providing a plurality of chimeric receptor nucleic acids, 

wherein the chimeric receptor nucleic acids differ only in the spacer region; introducing 

each of the chimeric receptor 	nucleic acids into a separate T lymphocyte population; 

expanding each separate lymphocyte population in vitro, and introducing each lymphocyte 

population into an animal bearing a tumor to determine the anti-tumor efficacy of each of 

the chimeric receptor modified T cells, and selecting a chimeric receptor that provides anti-

tumor efficacy as compared to each of the other separate lymphocyte populations modified 

with each of the other chimeric receptor modified T cells. 

[02O] 	Animal models of different tumors are known. Anti-tumor efficacy can 

be measured by identifying a decrease in tumor volume, by determining animal death, 

persistence of the genetically modified T cells in vivo, activation of genetically modified T 
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cells (for example, by detecting an increase in expression of CD25 and/CD69), and/or 

proliferation of genetically modified T cells in vivo. In some alternatives, a chimeric 

receptor is selected that provides for the best anti-tumor efficacy in vivo as determined by 

one or more of these parameters. Lack of anti-tumor efficacy can be determined by lack of 

persistence of the genetically modified lymphocytes in vivo, animal death, an increase in 

apoptosis as measured by an increase in induction of caspase -3, and/or a decrease in 

proliferation of genetically modified lymphocytes. 

[0204] 	In some alternatives, providing a plurality of chimeric receptor nucleic 

acids, wherein the chimeric receptor nucleic acids differ only in the spacer region 

comprises providing a chimeric receptor construct comprising a polynucleotide coding for 

a ligand binding domain, wherein the ligand is a tumor specific or tumor targeting antigen 

(e.g.CD171), or any other molecule expressed on a target cell population that is suitable to 

mediate recognition and elimination by a lymphocyte; a polynucleotide coding for a first 

polypeptide spacer having a defined restriction site at the 5' and 3' end of the coding 

sequence for the first polypeptide spacer; a polynucleotide coding for a transmembrane 

domain; and a polynucleotide coding for an intracellular signaling domain. 

[0205] 	In some alternatives, the present disclosure provides a method of 

treating or inhibiting cancer, a method of inhibiting or delaying progression and /or 

metastasis of a cancer, a method of inhibiting or reducing the presence of a tumor or cancer 

cell, and / or a method of inhibiting or reducing a target population of CD171 expressing 

cells in a patient in need thereof. 	Such methods involve administering to a subject or a 

patient in need thereof a genetically modified cytotoxic T lymphocyte cell preparation that 

provides a cellular immune response, wherein the cytotoxic T lymphocyte cell preparation 

comprises CD8+ T cells that have a chimeric receptor comprising a polynucleotide coding 

for a ligand binding domain, wherein the ligand is a tumor specific or tumor targeting 

antigen, or any other molecule expressed on a target cell population (e.g. CD171) that is 

suitable to mediate recognition and elimination by a lymphocyte; a polynucleotide coding 

for a polypeptide spacer wherein the polypeptide spacer is of a customized length, wherein 

the spacer provides for enhanced T cell proliferation and/or cytokine production as 

compared to a reference chimeric receptor; a polynucleotide coding for a transmembrane 

domain; and a polynucleotide coding for one or more intracellular signaling domains. In 

some alternatives, the subject is identified or selected as a subject in need of a therapy to 
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inhibit or treat cancer. 	Such selection or identification can be made by clinical or 

diagnostic evaluation. 

102061 	The 	disclosure 	also 	provides 	methods 	of 	performing 	cellular 

immunotherapy in a subject having a disease or disorder comprising: administering a 

composition of lymphocytes expressing a chimeric receptor as described herein. In other 

alternatives, a method comprises administering to the subject a genetically modified 

cytotoxic T lymphocyte cell preparation that provides a cellular immune response, wherein 

the cytotoxic T lymphocyte cell preparation comprises CD8 + T cells that have a chimeric 

receptor comprising a ligand binding domain that can target and/or is specific for a tumor 

cell surface molecule, a customized spacer domain, a transmembrane domain, and an 

intracellular signaling domain as described herein, and a genetically modified helper T 

lymphocyte cell preparation that elicits direct tumor recognition and augments the 

genetically modified cytotoxic T lymphocyte cell preparations ability to mediate a cellular 

immune response, wherein the helper T lymphocyte cell preparation comprises CD4+ T 

cells that have a chimeric receptor comprising a ligand binding domain that can target 

and/or is specific for a tumor cell surface molecule, a customized spacer domain, a 

transmembrane domain, and an intracellular signaling domain as described herein. In some 

alternatives, the subject is identified or selected as a subject in need of a therapy to inhibit 

or treat cancer. 	Such selection or identification can be made by clinical or diagnostic 

evaluation. 

[0207] 	While not limiting the scope of the disclosure, it is believed by selecting 

the chimeric receptor modified T cell population that can persist and proliferate in vivo 

prior to administration may result in the ability to use a lower dose of T cells and provide 

more uniform therapeutic activity. In some alternatives, the dose of T cells can be reduced 

at least 10%, 20%, or 30% or greater. Reduction in the dose of T cells may be beneficial to 

reduce the risk or tumor lysis syndrome and cytokine storm. 

[0208] 	In another alternative, a method of performing cellular immunotherapy 

in a subject having a disease or disorder comprises: administering to the subject a 

genetically modified helper I lymphocyte cell preparation, wherein the modified helper T 

lymphocyte cell preparation comprises CD4+ T cells that have a chimeric receptor 

comprising a ligand binding domain that can target and/or is specific for a tumor cell 

surface molecule, a customized spacer domain, a transmembrane domain, and an 

89 



intracellular signaling domain, as described herein. In some alternatives, the method 

further comprises administering to the subject a genetically modified cytotoxic T 

lymphocyte cell preparation, wherein the modified cytotoxic T lymphocyte cell preparation 

comprises CD8+ cells that have a chimeric receptor comprising a ligand binding domain 

that can target and/or is specific for a tumor cell surface molecule, a customized spacer 

domain, a transmembrane domain, and an intracellular signaling domain as described 

herein. In some alternatives, the subject is identified or selected as a subject in need of a 

therapy to inhibit or treat cancer. Such selection or identification can be made by clinical 

or diagnostic evaluation. 

[0209] 	Another 	alternative 	describes 	a 	method 	of performing 	cellular 

immunotherapy in a subject having a disease or disorder comprising: analyzing a 

biological sample of the subject for the presence of a target molecule (e.g. CD171) 

associated with the disease or disorder and administering the adoptive immunotherapy 

compositions described herein, wherein the chimeric receptor specifically binds to and/or 

targets the target molecule. In some alternatives, the subject is identified or selected as a 

subject in need of a therapy to inhibit or treat cancer. Such selection or identification can 

be made by clinical or diagnostic evaluation. 

[0210] 	In some alternatives, the CD4+ T helper lymphocyte cell is selected 

prior to introduction of the chimeric receptor from the group consisting of naïve CD4+ T 

cells, central memory CD4+ T cells, effector memory CD4+ T cells or bulk CD4+ T cells. 

In a specific alternative, CD4+ helper lymphocyte cell is a naive CD4+ T cell, wherein the 

naïve CD4+ T cell comprises a CD45RO-, CD45RA+, and/or CD62L+ CD4+ T cell. In yet 

other alternatives, the CD8+ T cytotoxic lymphocyte cell is selected prior to introduction 

of the chimeric receptor from the group consisting of naive CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells or bulk CD8+ T cells. In a specific 

alternative, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell comprises a CD45RO+, CD62L+, and/or CD8+ T cell. In a specific 

alternative, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell and the 

CD4+ helper T lymphocyte cell is a naive CD4+ T cell. In some alternatives, the subject is 

identified or selected as a subject in need of a therapy to inhibit or treat cancer. 	Such 

selection or identification can be made by clinical or diagnostic evaluation. 
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1021/1 	In some alternatives, the CD8+ T cell and the CD4+ T cell are both 

genetically modified with a chimeric receptor comprising an antibody heavy chain domain 

that specifically binds and/or targets a tumor-specific cell surface molecule. In other 

alternatives, the intracellular signaling domain of the CD8 cytotoxic T cells is the same as 

the intracellular signaling domain of the CD4 helper T cells. In yet other alternatives, the 

intracellular signaling domain of the CD8 cytotoxic T cells 	is different than the 

intracellular signaling domain of the CD4 helper T cells. 

102121 	Subjects that can be provided the compositions described herein are, in 

general, human and other primate subjects, such as monkeys and apes for veterinary 

medicine purposes; however, the technology is also contemplated for use with domestic 

animals, such as horses, pigs, sheep, cattle, and goats. as well as, companion animals, such 

as dogs and cats. The subjects can he male or female and can be any suitable age, including 

infant, juvenile, adolescent, adult, and geriatric subjects. 

[0213] 	The methods are useful in the treatment or inhibition of, for example, 

CD171 bearing cancer or tumor cells. In some alternatives, CDI 71 cancer or tumor cells 

include neuroblastoma, melanoma, cervical carcinoma, ovarian cancer, uterine carcinoma, 

pancreatic cancer, colon carcinoma, renal carcinoma, and glioblastoma. 

[0214] 	Chimeric antigen T cells prepared as described above can be utilized in 

methods and compositions for adoptive immunotherapy in accordance with known 

techniques, or variations thereof that will be apparent to those skilled in the art based on 

the instant disclosure. In some alternatives, the T cells are formulated by first harvesting 

them from their culture medium, and then washing and concentrating the cells in a medium 

and container system suitable for administration (a "pharmaceutically acceptable" carrier) 

in a treatment-effective amount. Suitable infusion medium can be any isotonic medium 

formulation, typically normal saline, Normosol R (Abbott) or Plasma-Lyte A (Baxter), but 

also 5% dextrose in water or Ringer's lactate can be utilized. The infusion medium can be 

supplemented with human serum albumin, fetal bovine serum or other human serum 

components. 

[0215] 	A treatment effective amount of cells in the composition is at least 2 cell 

subsets (for example, 1 CD8+ central memory T cell subset and 1 CD4+ helper T cell 

subset) or is more typically greater than 102  cells, and up to 106, up to and including 108  or 

109  cells and can be more than 1010  cells. The number of cells will depend upon the 
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ultimate use for which the composition is intended as will the type of cells included 

therein. For example, if cells that that can target and/or are specific for a particular antigen 

are desired, then the population will contain greater than 70%, generally greater than 80%, 

85% and 90-95% of such cells. For uses provided herein, the cells are generally in a 

volume of a liter or less, can be 500 mis or less, even 250 mis or 100 mis or less. Hence 

the density of the desired cells is typically greater than 104  cells/ml and generally is greater 

than 107  cells/ml, generally 108  cells/ml or greater. The clinically relevant number of 

immune cells can be apportioned into multiple infusions that cumulatively equal or exceed 

106, 107. 108, 108, 109, 1010  or 10" cells. 

102161 	In some alternatives, the lymphocytes of the invention may be used to 

confer immunity to individuals. By "immunity" is meant a lessening of one or more 

physical symptoms associated with a response to infection by a pathogen, or to a tumor, to 

which the lymphocyte response is directed. The amount of cells administered is usually in 

the range present in normal individuals with immunity to the pathogen. Thus, the cells are 

usually administered by infusion, with each infusion in a range of from 2 cells, up to at 

least 106  to 3x101°  cells, preferably in the range of at least 107  to 109  cells. The T cells may 

be administered by a single infusion, or by multiple infusions over a range of time. 

However, since different individuals are expected to vary in responsiveness, the type and 

amount of cells infused, as well as the number of infusions and the time range over which 

multiple infusions are given are determined by the attending physician, and can be 

determined by routine examination. The generation of sufficient levels of T lymphocytes 

(including cytotoxic T lymphocytes and/or helper T lymphocytes) is readily achievable 

using the rapid expansion method of the present invention, as exemplified herein. See, e.g., 

US Patent No. 6,040,177 to Riddell et al. at column 17, which is expressly incorporated by 

reference in its entirety. 

102171 	In 	some 	alternatives, 	the 	composition 	as 	described 	herein 	are 

administered intravenously, intraperitoneally, intratumorly, into the bone marrow, into the 

lymph node, and /or into cerebrospinal fluid. In some alternatives, the chimeric receptor 

engineered compositions are delivered to the site of the tumor. Alternatively, the 

compositions as described herein can be combined with a compound that targets the cells 

to the tumor or the immune system compartments and avoid sites such as the lung. In some 

alternatives, the compositions as described herein are administered with chemotherapeutic 
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agents and/or immunosuppressants. In some alternatives, a patient is first treated with a 

chemotherapeutic agent that inhibits or destroys other immune cells followed by the 

compositions described herein. In some cases, chemotherapy may be avoided entirely. 

10218] 	The present invention is illustrated further in the additional alternatives 

set forth below. 

Alternatives 

102191 	The following alternatives are intended to illustrate, but not to limit, the 

invention in any manner, shape, or form, either explicitly or implicitly. While they are 

typical of those that might be used, other procedures, methodologies, or techniques known 

to those skilled in the art may alternatively be used. 

Customizing spacer domain length for optimal recognition of CD171 with chimeric 

receptor modified T cells 

102201 	Chimeric receptors that can target and/or is specific for the CD I 71 

molecule that is expressed on a large number of human malignancies including 

neuroblastoma were constructed. The CD171 chimeric receptors were designed from 

CD171 specific and/or targeting scFVs that specifically bind to and/or target epitope CE7 

on CD171 and contain extracellular spacer domains of different lengths. The sequences for 

the 	Ce7scFv-IgG4hinge-CH2-CH3-CD28trn/4-IBB-zeta-T2A-EGFRt-epHIV7 	(long 

construct) (SEQ ID NO: 54) arc shown in Figure 5 and Figure 6. The sequences for the 

CE7seFv-IgG4hinge-CH3-CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (intermediate) (SEQ 

ID NO: 55) are shown in Figures 7 and 8. The sequences for CE7scFv-IgG4hinge- 

CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (short) (SEQ ID NO: 56) are shown in Figures 

9 and 10. The sequence for construct CE7scFv-IgG4hinge-CD28trn/cyto-4-1BB-zeta-T2A- 

EGFRt-epHIV7 with two costimulatory domains (SEQ ID NO: 57) is shown in Figures 

11-1.2. 	The ability of T-cells expressing each CD171 specific and/or targeting chimeric 

receptor 	to 	recognize 	CD171 	neuroblastoma tumors 	in 	vitro, 	and to 	eliminate 

neuroblastoma tumor cells engrafted into immunodeficient mice was analyzed. 

Human subjects 

[0221] 	Peripheral blood mononuclear cells (PBMC) were obtained from healthy 

donors and patients after written informed consent on research protocols. 
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Cell lines 

[0222] 	The SK-N-BE 2 neuroblastoma cell line (Be2) was obtained from the 

American Type Culture Collection. EBV-transformed TMLCLs were made from PBMCs 

as previously described Pelloquin F, Lamelin JP, Lenoir GM. In vitro cell dev biol 1986; 

22(12):689-694. 

Immunophenotyping 

[0223] 	PBMC and cell lines were stained with the following conjugated mAbs: 

CD4, CD8, CD28, CD45RA, and CD62L, and matched isotype controls (BD Biosciences). 

Central memory 'I' cells were isolated from PBMC by isolating CD8+ cells and depleting 

the CD8+ cell population of CD45RA cells using immunomagnetic beads. The CD8+ cells 

depleted of CD45RA were enriched for CD62L using immunomagnetic beads as shown in 

Figure 1. Surface expression of CD171chimeric receptor was analyzed using a polyclonal 

goat anti-mouse-IgG antibody (Fab-specific) (Jackson ImmunoResearch). Flow analyses 

were done on a FACSCanto®, sort-purifications on a FACSArialIO (Becton Dickinson) 

and data analyzed using FlowJoe software (Treestar). 

Vector construction and preparation of chimeric receptor encoding lentivirus 

[0224] 	CD171 specific and/or targeting chimeric receptors were constructed 

using VL and VH chain segments of the CE7 mAb (CD171). (Variable region sequences 

for CE7 are provided in Figures 5, 7, 9, and 11). Each scFV was linked to a spacer domain 

derived from IgG4-Fc (Uniprot Database: P01861; Table 2) comprising either 'Hinge- 

CH2-CII3' (long: 229 AA), 'Hinge-CH3' (intermediate:119 AA) or 'Hinge' only (Short:12 

AA) sequences (Table 6). All spacers contained a S-3P substitution within the 'Hinge' 

domain located at position 108 of the native IgG4-Fc protein, and were linked to the 27 

AA transmembrane domain of human CD28 (Uniprot: P I 0747,Table 3) and to a signaling 

module comprising either (i) the 41 AA cytoplasmic domain of human CD28 with an 

LL-9GG substitution located at positions 186-187 of the native CD28 protein (Table 3) 

linked to the 42 AA cytoplasmic domain of human 4-1BB (Uniprot: Q07011, Table 4) or 

(ii) the cytoplasmic domain of human 4-1BB alone, each module was linked to the 112 AA 

cytoplasmic domain of isoform 3 of human CD3c (Uniprot: P20963,Table 5). The 

construct encoded a T2A ribosomal skip element (Table 1) and a tEGFR sequence (Table 

1) downstream of the chimeric receptor. Human codon-optimized nucleotide sequences 

94 



encoding each transgene were synthesized (Life Technologies) and cloned into the epHIV7 

lentiviral vector 

102251 	CD171-chimeric 	receptor 	or 	tEGFR-encoding 	lentiviruses 	were 

produced in 293T cells using the packaging vectors pCHGP-2, pCMV-Rev2 and pCMV- 

G, and Calphos® transfection reagent (Clontech). 

Generation of T-cell lines expressing CD171-chimeric receptors 

[0226] 	CD8+  CD45RA- CD62L+  central memory I-cells (Tcm) were sorted 

from PBMC of normal donors (see Figure 1), activated with anti-CD3/CD28 beads (Life 

Technologies), and transduced on day 3 after activation by centrifugation at 800 g for 45 

min at 32°C with lentiviral supernatant (M01 = 3) supplemented with 1 1.1,g/mL polybrene 

(Millipore). T-cells were expanded in RPM1 with 10% human serum, 2 mM L-glutamine 

(CTL medium), supplemented with recombinant human IL-2 to a final concentration of 50 

U/mL. The tEGFR+  subset of each T-cell line was enriched by immunomagnetic selection 

with biotin-conjugated anti-EGFR mAb (ImClone Systems) and streptavidin-beads 

(Miltenyi). 

Cytotoxicity, and cytokine secretion 

[0227] 	Target cells, either Bet cells or TML CL, were labeled with 51Cr 

(PerkinElmer), washed and incubated in triplicate at 1-2x103  cells/well with effector 

chimeric receptor modified T-cells at various effector to target (E:T) ratios. Supernatants 

were harvested for v-counting after a 4-hour incubation and specific lysis calculated using 

the standard formula. For analysis of cytokine secretion, 5x104  T-cells were plated in 

triplicate with target cells at an E:T ratio of 30:1 , 10:1 , 3:1 or 1:1 , and IFN-y, TNF-a and 

IL-2 measured by ELISA or multiplex cytokine immunoassay (Luminex) in supernatant 

removed after 24-h incubation. 

Experiments in NOD/SCID/7c4-  (NSG) mice 

[0228] 	Six- to 8-week old female NOD.Cg-Prkdeld  112relwil/SzJ (NSG) mice 

were obtained from the Jackson Laboratory or bred in-house. Mice were injected with 

0.2x106  neuroblastoma tumor cells intracranially and seven days later, received an 

intracranial injection of 2 x106  chimeric receptor-modified or control T-cells. For 

bioluminescence imaging of tumor growth, mice received injections of luciferin substrate 

(Caliper Life Sciences) resuspended in PBS (15 µgig body weight). Mice were 

anesthetized with isoflurane and imaged using an Xenogen IVIS Imaging System (Caliper) 
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15 minutes after the injection of luciferin in small or medium binning mode at an 

acquisition time of 1 s to 1 min to obtain unsaturated images. Luciferase activity was 

analyzed using Living Image Software (Caliper) and the photon flux analyzed within 

regions of interest that encompassed the entire body. 

Statistical analyses 

102291 	Statistical analyses were performed using Prism Software (GraphPad8). 

Student's t-test was performed as a two-sided paired test with a confidence interval of 95% 

and results with a p-value of p<0.05 were considered significant. Statistical analysis of 

survival were done by log-rank testing and results with a p-value of p<0.05 considered 

significant. 

The longer spacer domain of the CD171 chimeric receptor confers superior cytotoxic 

and cytokine secretion in vivo 

10230] 	The design of a CD171-specific and/or targeting chimeric receptor using 

the CE7 scFV was known. (Park J et al. Molecular Therapy 2007, April 15(4):825-33). 

This chimeric receptor conferred specific recognition and/or targeting of CD171 tumors in 

vitro, but it was hypothesized that adjusting the spacer domain would enhance tumor 

recognition and T-cell signaling. Therefore, chimeric receptors were constructed in which 

the spacer domain was selected from 'Hinge —CH2-CH3' ( 229 amino acids, loneHinge- 

CH3' (119 AA, intermediate), and 'Hinge-only' (12 AA, short) variants. Each of the new 

receptors contained the identical CE7 scFV, and 4-1BB and CD3C signaling modules. The 

transgene cassette included a truncated EGFR (tEGFR) to serve as a transduction, selection 

and in vivo tracking marker for chimeric receptor-modified T-cells. 

102311 	Purified CD8+  Tcm were transduced with the CD171-chimeric receptors 

containing different length spacers, and with a tEGFR control vector. Surface expression 

of each of the chimeric receptors was confirmed by staining with F(ab)-specific antibodies 

(Figure 2A). Western blot of the transduced cells with antibody specific for the CD3C 

shows expression of the short, medium, and long construct. (Figure 2B). Similar 

expression of F(ab) and EGFRt were found with each of the short, medium, or long spacer 

domains. 

10232] 	Analysis of the in vitro function of CD8-  T-cells modified to express 

each of the CD171chimeric receptors demonstrated that each receptor conferred specific 

lysis of Bet cells that naturally express CD171, but did not confer recognition of control 
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TML CL (Figure 2C). T-cells expressing the long CD171-chimeric receptor had 

maximum cytolytic activity, and a hierarchy (long>> intermediate>> short) of tumor lysis 

was clearly evident against CD171tumor targets (Figure 2C). 

10233] 	Quantitative analysis of cytokine production in response to stimulation 

with Be2 cells showed production of IFN-y, TNF-a and IL-2 by T-cells expressing each of 

the CD171 chimeric receptors. As observed in cytotoxicity assays, the T cells having the 

long spacer construct was superior in mediating cytokine secretion after tumor recognition 

(Figure 2D). 

The CDI71 specific and/or targeting CAR requires a short extracellular spacer 

domain for in vivo activity 

10234] 	It remained uncertain whether the superior in vitro activity of T-cells 

modified with the CD171 chimeric receptor with longer spacer would translate into 

enhanced or improved anti-tumor activity in vivo. To address these questions, cohorts of 

immunodeficient NSG mice were inoculated with the neuroblastoma cells by intracranial 

injection, and seven days later the mice were treated with a single intracranial dose of 

CD171 specific chimeric receptor CD84  T-cells with a short, intermediate, or long spacer. 

Control mice were treated with tEGFR T-cells or untreated. Untreated NSG/NB mice 

developed neuroblastoma necessitating euthanasia approximately 4 weeks after tumor 

inoculation (Figure 2E, right panel). 

10235] 	Tumor regression and enhanced or improved survival was observed in 

all mice treated with CD 	chimeric receptor T-cells with the short spacer. Mice treated 

with CD171 chimeric receptor T-cells with short spacer had a superior anti-tumor response 

and survival compared to mice treated with CD171 chimeric receptor T-cells with a long 

spacer (Figure 2E, right panel). Measuring total flux from tumor cells loaded with 

lucifcrin substrate shows that mice treated with CD8 cells transduced with a construct with 

a short or intermediate spacer exhibited much lower flux than the untreated mice or mice 

treated with CD8 cells transduced with a construct having a long spacer. (Figure 2E, left 

panel). 

102361 	Tumors from mice treated with long spacer CD171 CAR expressing 

CD8 Tcm showed higher percentage of CD3+ cells by immunohistochemistry than those 

from mice treated with mock, short or medium spacer CD171 CAR expressing CD8 Tem 

(Fig. 2F). No difference of Ki67 was detectable by immunohistochemistry in the different 
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CD8 Tcm but higher levels of caspase 3 and Granzyme B were found in CD8 Tern 

expressing the long spacer CD171 CAR than in CD8 Tcm expressing short or medium 

spacer after 3 days of T cell injection (Fig. 2G). 

The CD171 specific and/or targeting CAR having a long extracellular spacer domain 

showed more activation induced cell death 

102371 	In order to determine potential mechanisms underlying the inferior in 

vivo antitumor activity of T cells that express CD171 chimeric receptors with long spacer 

domains, the possibility that the T cells were not efficiently activated by tumor cells in 

vivo or conversely, that they underwent activation induced 'I' cell death in vivo was 

considered. 

102381 	CD8 central memory cells transduced with CD171CAR constructs with 

short, intermediate, or long spacer constructs were exposed to neuroblastoma cells in vitro 

for 24 hours (round 1). CD8 central memory cells were removed from the culture and 

characterized phenotypically, and then incubated with the tumor cells for another 24 hours 

(round 2). CD8 cells were removed from the culture, phenotypically characterized, and 

then placed in a culture with tumor cells for another 24 hours (round 3). The CD8 cells 

were then removed and characterized phenotypically. 

10239] 	The cells from each round were characterized for expression of 

activation markers CD25 and CD69 using flow cytometry. The percentage of dead cells in 

cells from each round was determined by Guava Viacount. NB cells were characterized 

for FasR expression after round I. 

102401 	The results show that the 	short spacer CAR cells exhibited less 

activation and better viability relative to long spacer CAR-expressing cells following serial 

tumor cell co-culture challenge (round III: CD25+CD69+ 42%(short) vs 66% (long) 

(Figure 3A), % dead cells 15% (short) vs 60%(long)(Figure 3B). The long spacer CAR-

expressing cells induced FasR expression in NB cells to a greater extent than short spacer 

CAR. cells. (Figure 3C). 

102411 	Collectively, the data provides evidence that CD171 directed chimeric 

receptors with long extracellular spacer domain, despite mediating equivalent or superior 

effector function in vitro, induce a high level of activation induced cell death in vivo and 

fail to eradicate established neuroblastoma. 
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[0242] 	CD171 	has 	attracted 	interest 	as 	a 	potential 	target 	for 	cancer 

immunotherapy due to its expression on the surface of many carcinomas. The design and 

function of CD171 	chimeric receptors has been enhanced or improved 	through 

modification of the extracellular spacer domain. The results show that central memory T 

cells transduced with a CD171 directed CAR with a Hinge only short 	spacer domain 

performed much better in an in vivo model 	of neuroblastoma tumor eradication as 

compared to T cells transduced with a CD171 directed CAR with a hinge-CH3 

(intermediate) or hinge-CH2-CH3(long) spacer domain. 

Modification of costimulatory domains 

[0243] 	Chimeric receptors that can target or are specific for the CD171 

molecule that is expressed on a large number of human malignancies including 

neuroblastoma were constructed. The CD171 chimeric receptors were designed from 

CD171 specific and/or targeting scFVs that specifically bind to and/or target epitope CE7 

on CD171 and contain a short extracellular spacer domain. One construct contains the 

costimulatory domain 4-1BB linked to CD3 zeta domain (4-1BB) and the other construct 

includes a dual costimulatory domain including CD28cyto and 4-1BB linked to CD3 zeta 

(CD28cyto).The sequence for construct CE7scFv-IgG4hinge-CD28tm/cyto-4-1BB-zeta- 

T2A-EGFRt-epHIV7 with two costimulatory domains is shown in Figures 11-12. The 

sequence for CE7scFv-IgG4hinge-CD28tm/4-1BB-zeta-T2A-EGFRt-epHIV7 (short) is 

shown in Figures 9-10. The ability of T-cells expressing each CD171 specific chimeric 

receptor 	to 	recognize 	CD] 71 	neuroblastoma tumors 	in 	vitro, 	and 	to 	eliminate 

neuroblastoma tumor cells engrafted into immunodeficient mice was analyzed. 

Human subjects 

[0244] 	Peripheral blood mononuclear cells (PBMC) were obtained from 

healthy donors and patients after written inliomed consent on research protocols. 

Cell lines 

[0245] 	The SK-N-BE 2 neuroblastoma cell line (Be2) was obtained from the 

American Type Culture Collection. EBV-transformed TMLCLs were made from PBMCs 

as previously described Pelloquin F. Lamelin JP, Lenoir GM. In vitro cell dev biol 1986: 

22(12):689-694. 

Immunophenotyping 

99 



10246] 	PBMC and cell lines were stained with the following conjugated mAbs: 

CD4, CD8, CD28, CD45RA, and CD62L, and matched isotype controls (BD Biosciences). 

Central memory T cells were isolated from PBMC by isolating CD8+ cells and depleting 

the CD8+ cell population of CD45RA cells using immuno magnetic beads. The CD8+ 

cells depleted of CD45RA were enriched for CD62L using immunomagnetic beads as 

shown in Figure 1. Surface expression of CD171chimeric receptor was analyzed using a 

polyclonal goat anti-mouse-4G antibody (Fab-specific) (Jackson ImmunoResearch). Flow 

analyses were done on a FACSCanto®, sort-purifications on a FACSAriaII® (Becton 

Dickinson) and data analyzed using FlowJo® software (Treestar). 

Vector construction and preparation of chimeric receptor encoding lentivirus 

10247] 	CD171 specific and/or targeting chimeric receptors were constructed 

using VL and VH chain segments of the CE7 mAb (CD171). (Variable region sequences 

for CE7 are provided in Figures 5, 7, 9, and 11) Each scFV was linked to a spacer domain 

derived from IgG4-Fc (Uniprot Database: P01861; Table 2) comprising either 'Hinge- 

CH2-CH3' (long: 229 AA), 'Hinge-CH3' (intermediate:119 AA) or 'Hinge' only (Short:12 

AA) sequences (Table 6). All spacers contained a S-31)  substitution within the 'Hinge' 

domain located at position 108 of the native IgG4-Fc protein, and were linked to the 27 

AA transmembrane domain of human CD28 (Uniprot: P10747,Table 3) and to a signaling 

module comprising either (i) the 41 AA cytoplasmic domain of human CD28 with an 

LL-)GG substitution located at positions 186-187 of the native CD28 protein (Table 3) 

linked to the 42 AA cytoplasmic domain of human 4-1BB (Uniprot: Q07011, Table 4) or 

(ii) the cytoplasmic domain of human 4-1BB alone, each module was linked to the 112 AA 

cytoplasmic domain of isoform 3 of human CDg (Uniprot: P20963,Table 5). One 

construct contained a costimulatory signaling module comprising the 42 AA cytoplasmic 

domain of human 4-1BB (Uniprot: Q07011, SEQ ID NO:15), which was linked to the 112 

AA cytoplasmic domain of isoform 3 of human CD3C (Uniprot: P20963, SEQ ID NO:16). 

The constructs encoded a T2A ribosomal skip element (SEQ ID NO:8) and a tEGFR 

sequence (SEQ ID NO:9) downstream of the chimeric receptor. Human codon-optimized 

nucleotide sequences encoding each transgene were synthesized (Life Technologies) and 

cloned into the epHIV7 lentiviral vector.CD171-chimeric receptor or tEGFR-encoding 

lentiviruses were produced in 293T cells using the packaging vectors pCHGP-2, pCMV- 

Rev2 and pCMV-G, and Caiphos® transfection reagent (Clontech). 
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Generation of T-cell lines expressing CD171-chimeric receptors 

[0248] 	CD8 ' CD45RA- CD62C central memory T-cells (Tem) were sorted 

from PBMC of normal donors (See Figure 1), activated with anti-CD3/CD28 beads (Life 

Technologies), and transduced on day 3 after activation by centrifugation at 800 g for 45 

min at 32°C with lentiviral supernatant (M01 = 3) supplemented with 1 gg/mL polybrene 

(Millipore). T-cells were expanded in RPMI with 10% human serum, 2 mM L-glutamine 

(CTL medium), supplemented with recombinant human IL-2 to a final concentration of 50 

U/mL and IL-15 to a final concentration of lOng/pl. The tEGFR+  subset of each T-cell line 

was enriched by immunomagnetic selection with biotin-conjugated anti-EGFR mAb 

(ImClone Systems) and streptavidin-beads (Miltenyi). 

Cytotoxicity, and cytokine secretion 

[0249] 	Target cells, either Bet cells or TML CL, were labeled with 51Cr 

(PerkinElmer), washed and incubated in triplicate at I-2x103  cells/well with effector 

chimeric receptor modified T-cells at various effector to target (E:T) ratios. Supernatants 

were harvested for y-counting after a 4-hour incubation and specific lysis calculated using 

the standard formula. For analysis of cytokine secretion, 5x104  T-cells were plated in 

triplicate with target cells at an E:T ratio of 30:1 , 10:1 , 3:1 or 1:1 , and 1FN-y, TNF-a and 

IL-2 measured by ELISA or multiplex cytokine immunoassay (Luminex) in supernatant 

removed after 24-h incubation. 

Experiments in NOD/SOD/ye" (NSG) mice 

[0250] 	Six- to 8-week old female NOD.Cg-Prkdeid  Il2re1 'Aril/SzJ (NSG) mice 

were obtained from the Jackson Laboratory or bred in-house. Mice were injected with 

0.2x106  neuroblastoma tumor cells intracranially and received an intracranial injection of 2 

x106  chimeric receptor-modified or control T-cells. For bioluminescence imaging of tumor 

growth, mice received injections of luciferin substrate (Caliper Life Sciences) resuspended 

in PBS (15 lig/g body weight). Mice were anesthetized with isoflurane and imaged using 

an Xenogen IVIS Imaging System (Caliper) 15 minutes after the injection of luciferin in 

small or medium binning mode at an acquisition time of 1 s to 1 min to obtain unsaturated 

images. Luciferase activity was analyzed using Living Image Software (Caliper) and the 

photon flux analyzed within regions of interest that encompassed the entire. 

Statistical analyses 
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18251] 	Statistical analyses were performed using Prism Software (GraphPad®). 

Student's t-test was performed as a two-sided paired test with a confidence interval of 95% 

and results with a p-value of p<0.05 were considered significant. Statistical analysis of 

survival were done by log-rank testing and results with a p-value of p<0.05 considered 

significant. 

The CD171 chimeric receptor 	with a short spacer region and two costimulatory 

domains confers superior cytotoxic and cytokine secretion in vivo 

(0252] 	We transduced purified CD8+  `FDA  with the CD171-chimeric receptors 

containing different costimulatory domains and with a tEGFR control vector. Surface 

expression of each of the chimeric receptors was confirmed by staining with F(ab)-specific 

antibodies (Figure 4A). Similar expression of. Flab) and EGFRt were found with each of 

the construct with a single 4-1BB costimulatory domain (panel 2) and the construct with 

CD28cyto/4-1BB costimulatory domains (panel 3). Analysis of the in vitro function of 

CD8+  T-cells modified to express each of the CD171chimeric receptors demonstrated that 

each receptor conferred specific lysis of Be2 cells that naturally express CDI 71, but did 

not confer recognition of control TML CL (Figure 48). T-cells expressing the CD171-

chimeric receptor with CD28cyto/4-1BB costimulatory domains had higher cytolytic 

activity. Quantitative analysis of cytokine production in response to stimulation with Be2 

cells showed production of IFN-y by T-cells expressing each of the CD171 chimeric 

receptors. As observed in cytotoxicity assays, the construct with the CD28cyto/4-1BB 

costimulatory domains 	was 	superior 	in mediating cytokine secretion after tumor 

recognition (Figure 4C). 

The CD171 specific and/or targeting CAR with the CD28cyto/4-1BB costimulatory 

domains was less efficacious in vivo 

102531 	It remained uncertain whether the superior in vitro activity of T-cells 

modified with the CD171 chimeric receptor with CD28cyto/4-1BB costimulatory domains 

would translate into enhanced or improved anti-tumor activity in vivo. To address thcsc 

questions, we inoculated cohorts of immunodeficient NSG mice with the neuroblastoma 

cells by intracranial injection, and seven days later, treated the mice with a single 

intracranial dose of CD171 specific and/or targeting chimeric receptor CD8+  T-cells with a 

short, intermediate, or long spacer. Control mice were treated with tEGFR T-cells or 
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untreated. Untreated NSG/NB mice developed neuroblastoma necessitating euthanasia 

approximately 4 weeks after tumor inoculation (Figure 4D). 

	

10254] 	We observed tumor regression and improved survival in all mice treated 

with 	CD171 	chimeric receptor T-cells with the construct with a single 4-1BB 

costimulatory domain. Mice treated with CD171 chimeric receptor T-cells with the 

construct with a single 4-1BB costimulatory domain had a superior anti-tumor response 

and survival compared to mice treated with CD171 chimeric receptor T-cells with the 

CD28cyto/4-1BB costimulatory domains (Figure 4D). 

The CD171 specific and/or targeting CAR having a long extracellular spacer domain 

showed more activation induced cell death 

f0255] 	We sought to determine potential mechanisms underlying the inferior in 

vivo antitumor activity of T cells that express CD171 chimeric receptors with the 

CD28cyto/4-1BB costimulatory domains. We considered the possibility that the T cells 

were not efficiently activated by tumor cells in vivo or conversely, that they underwent 

activation induced T cell death in vivo. 

102561 	CD8 central memory cells transduced with CD171CAR constructs with 

the CD28cyto/4-1BB 	costimulatory domains or the 4-1BB costimulatory domain 

constructs were exposed to neuroblastoma cells in vitro for 24 hours (round 1). CD8 

central memory cells were removed from the culture and characterized phenotypically, and 

then incubated with the tumor cells for another 24 hours (round 2). CD8 cells were 

removed from the culture, phenotypically characterized, and then placed in a culture with 

tumor cells for another 24 hours (round 3). The CD8 cells were then removed and 

characterized phenotypically. The cells from each round were characterized for expression 

of activation markers CD25 and CD69 using flow cytometry. The percentage of dead cells 

in cells from each round was determined by Guava Viacount. 

102571 	The results show that the 	CAR cells 	with the 4-1BB costimulatory 

domain alone exhibited less activation and better viability relative to cells expressing 

CARs with the CD28/cyto/4-1BB co-stimulatory domain following serial tumor cell co-

culture challenge (round III: CD25+CD69+ 40% (4-IBB) vs 60% (CD28cyto/4-1BB) 

(Figure 4E), % dead cells 20% (4-1BB) vs 45% (CD28cyto/4-1BB) (Figure 4F). 

Collectively, the data provides evidence that CD171 directed chimeric receptors with a 

dual CD28cyto/ 4-1BB costimulatory domain, despite mediating equivalent or superior 
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effector function in vitro, induce a high level of activation induced cell death in vivo and 

had a decreased ability to eradicate established neuroblastoma. 

102581 	The design and function of CD171chimeric receptors has been enhanced 

or improved through modification of the costimulatory domain. The results show that 

Central memory T cells transduced with a CD171 directed CAR with a single 4-1BB 

costimulatory domain performed much better in an in vivo model of neuroblastoma tumor 

eradication than T cells transduced with a CD171 directed CAR with a dual CD28cyto/ 4- 

1 BB costimulatory domain. 

Contribution of extracellular spacer length and cytoplasmic signaling domain on the 

performance of a CAR targeting CD171 in vitro and in vivo. 

10259] 	The 	contribution 	of extracellular 	spacer 	length 	and 	cytoplasmic 

signaling domain on the performance of a CAR targeting CD171 was assessed in vitro and 

in vivo. In vitro, the focus was on analyzing cytotoxicity, cytokine secretion, activation 

status and cell death using standard assays and a new CAR T-cell stress test employing 

multiple sequential cycles of tumor cell exposure. Each study was performed multiple 

times using different donor T cells and the final analysis included either pooled data or 

representative experiments with sample replicates of two or more. In vivo experiments 

analyzed anti-tumor activity using live imaging, survival, and immunohistochemistry. All 

mouse experiments were designed to have at least 2 mice per group. All outliers were 

included in the data analysis. 

CAR construction and lentiviral production 

102601 	CD171-specific and/or targeting CARS were constructed using (G4S)3 

peptide linked VL and VII segments of the CE7 (anti-CD171) IgG2 monoclonal antibody. 

The scFv was codon optimized and subsequently linked to variable spacer length domains 

based on 12 AA (short spacer (SS)/"hinge-only"), 119 AA (medium spacer (MS)/"hinge- 

CH3") or 229 AA (long spacer (LS)/"hinge-CH2-CH3") derived from human IgG4-Fc. All 

spacers contained a S -> P substitution within the "Hinge" domain located at position 108 

of the IgG4-Fc protein and were linked to the transmembrane domain of human CD28 and 

to signaling modules comprising either (i) the cytoplasmic domain of 4-1BB alone (2G 

CAR) or (ii) of CD28 (mutant) and 4-1BB (3G CAR), with each signaling module being 

fused on their carboxyl terminus to human CD3-c endodomain. The portion of the 

cytoplasmic domain of CD28 used in the constructs contained an LL -> GG substitution 
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located at positions 186 to 187 of the native CD28 protein. The cDNA clones encoding 

CAR variants were linked to a downstream T2A ribosomal skip element and truncated 

EGF receptor (EGFRt), cloned into the epHIV7 lentiviral vector and CD171-CAR 

lentiviruses were produced in 293T cells. 

Real-time PCR 

102611 	Total RNA was extracted from T cells using the RNeasy Minikit 

according to the manufacturer's instructions (Qiagen). cDNA was synthesized by reverse 

transcription using the First Strand Kit (Life Technologies). RNA quantitation for specific 

genes was performed using real-time primers for FasL (EDT) and the CFX96 real-time 

detection system (Biorad). Actin was used as a house keeping gene. Data was analyzed 

using the CFX Manager Software version 3.0. 

Protein expression 

102621 	Western Blot (WB) T-cells were harvested, washed twice in PBS and 

lysed in protease inhibitor (Millipore). Proteins were analyzed using SDS/PAGE followed 

by 	Western 	blotting 	using 	anti-CD247 	(CD3-4, 	BD 	Biosciences), 	according 	to 

manufacturer's instructions. Signals were detected using an Odyssey Infrared Imager and 

band intensities were quantified using Odyssey v2.0 software (LI-COR). 

Flow Cytometry 

102631 	Immunophenotyping 	was 	conducted 	with 	fluorophore-conjugated 

mAbs: CD4, CD8, CD27, CD28, CD45RA, CD45RO, CD62L, CCR7 (Biolegend). Cell 

surface expression of L1CAM was analyzed using a fluorophore-conjugated mAb (Clone 

014, Sino Biological). EGFRt expression was analyzed using biotinylated cetuximab 

(Bristol-Myers-Squibb) and a fluorophore conjugated streptavidin secondary reagent. To 

assess activation and AICD fluorophore conjugated mABs for CD25, CD69, CD137, C178 

(Fas Ligand) and CD95 (Fas, all Biolegend) were used. Caspase 3 activity was measured 

using CaspGlow (eBioscience) following the manufacturer's protocol. Flow analyses were 

performed on an LSRFortessa (BD Biosciences) and data were analyzed using FlowJo 

software (Treestar). 

Generation of T cell lines expressing CD171 CARs 

[02641 	Samples of heparinized whole blood were obtained from healthy donors 

after written informed consent following a research protocol approved by the Institutional 

Review Board of Seattle Children's Research Institute (SCRI IRB #13795). Peripheral 
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blood mononuclear cells (PBMC) were isolated by standard protocol using ficoll (GE 

Healthcare Life Sciences) and CD8+CD45RO+CD62I; central memory T cells (Tcm) were 

isolated by using immunomagnetic microbeads according to the manufacturer's instruction 

(Miltenyi Biotec). First, CD8+CD45R0+  cells were obtained by negative selection using a 

CD8 T cell isolation kit and CD45RA beads, then cells were enriched for CD62I, 

activated with anti-CD3/CD28 beads at a bead to cell ratio of 3:1 (Life Technologies, 

Thermo Fisher Scientific) and transduced on day 3 by centrifugation at 800 g for 30 

minutes at 32°C with lentiviral supernatant (multiplicity of infection [MOI] = 5) 

supplemented with 1 mg/mL protamine sulfate (APP Pharmaceuticals). T cells were 

expanded in RPMI (Cellgro) containing 10% heat-inactivated fetal calf serum (Atlas, Fort 

Collins, CO), 2 mmol/L L-glutamine (Cellgro), supplemented with a final concentration of 

50 U/ml recombinant human interleukin (IL)-2 (Chiron Corporation), and 1Ong/µ1 IL-15 

(Miltenyi 	Biotec). 	The 	EGFRt+ 	subset 	of each 	T-cell 	line 	was 	enriched 	by 

immunomagnetic selection with biotin-conjugated Erbitux (Bristol-Myers-Squibb) and 

streptavidin-microbeads (Miltenyi Biotcc). CD171-CAR and mock control T cells were 

expanded using a rapid expansion protocol (T cells used for in vivo assays were frozen at 

SiR2D14  and thawed on day of injection. 

Cell lines 

[02651 	The NB cell lines Be2 and SK-N-DZ were obtained from the American 

Type Culture Collection (ATCC). Be2 GFP-ffLuc_epHIV7 and SK-N-DZ GFP-

ffLue_epHIV7 were derived by lentiviral transduction with the firefly lucifrase (ffLuc) 

gene and purified by sorting on GFP. Both cell lines were further transduced with CD19t- 

2A-IL2_pHIV7 in order to generate IL-2 secreting neuroblastoma cell lines purified by 

sorting on CD19t. All NB cell lines were cultured in DMEM (Cellgro) supplemented with 

10% heat-inactivated fetal calf serum and 2mmol/L L-glutamine. EBV-transformed 

lymphoblastoid cell lines (TMLCL) and TMLCL that expressed membrane tethered CD3 

epsilon specific scFvFc derived from OKT3 mAb (TMLCL-OKT3) were cultured in RPMI 

1640 supplemented with 10% heat-inactivated fetal calf serum and 2 mmol/L L-glutamine. 

CAR T cell receptor signaling 

[02661 	After co-culturing 1 x 106  effector and target cells for 4 - 8 min, cells 

were processed to measure Erk/MAP Kinasc 'A activity according to the 7-Plex T cell 
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receptor signaling kit (Millipore). Protein concentration was measured using the Pierce 

BCA Protein Assay Kit (Thermo Scientific). 

In vitro T cell assays 

[0267] 	Cytotoxicity measured by Chromium Release Assay. Target cells were 

labeled with 5I Cr (Perkin Elmer), washed and incubated in triplicate at 5 x 103  cells per 

well with T cells (S1R2D12-14) at various effector to target (E:T) ratios. Supernatants were 

harvested after a 4-hour incubation for y-counting using Top Count NTX (Perkin Elmer) 

and specific lysis was calculated as previously described. 

Cytotoxicity measured by Biophotonic Luciferase Assay 

10268] 	NB cell lines containing GFP-ffLuc_epHIV7 were co-cultured with 

effector cells at a 5:1 E:T ratio. The effector cells were on their first, second or third round 

of tumor cell encounter as described above. To assess the amount of viable tumor cells left 

after T cell encounter, D-Luciferin was added and after 5 minutes the biophotonic signal 

from the NB cells was measured using an IVIS Spectrum Imaging System (Perkin Elmer). 

Cytokine release 

[0269] 	A total of 5 x 105  T cells (S1R2D12-14)  were plated with stimulator cells 

at an E:T ratio of 2:1 for 24 hours. 112N-y, TNF-a, and 1L-2 in the supernatant were 

measured using Bio-plex cytokine assay and Bioplex-200 system (Bio-rad Laboratories). 

Stress Test 

102701 	To mimic recursive antigen encounters, a co-culture of adherent target 

cells and freshly thawed non-adherent effector cells at a 1:1 E:T ratio was started. After 24 

(round I) and 48 (round II) hours, T cell viability was assessed using the Guava ViaCount 

Assay (Millipore) and non-adherent effector cells were moved to a new set of adherent 

target cells at a 1:1 E:T ratio. After round I, II and III (72 hours) T cells were harvested and 

treated with a dead cell removal kit (Miltenyi) before further analysis. 

lmmun obistochemistry 

[0271] 	Mouse brains were harvested post-mortem, fixed for 24 hours in 10% 

neutral buffered formalin (Thermo), processed, paraffin embedded and cut into 51.tm 

sections. Antigen retrieval was performed using Diva dccloaker RTU (Biocare Medical). 

Primary antibodies were incubated with sections overnight at 4°C and diluted in blocking 

buffer as follows: rat monoclonal anti human CD3 (Clone CD3-12. AbD Serotec/I3io-rad) 

1:100, mouse monoclonal anti human Ki67 (Clone MIB-1, Dako) 1:200, rabbit polyclonal 
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anti human cleaved caspase-3 (Biocare Medical) 1:100, rabbit polyclonal anti human 

granzyme B (Covance) 1:200. Secondary antibodies (Life technologies) were incubated 

with sections for 2 hours at room temperature and diluted 1:500 in PBS with 0.2% BSA. 

102721 	Slides were imaged at 40x magnification on an Eclipse Ci upright 

epifluorescence microscope (Nikon) equipped with a Nuance multispectral imaging system 

(Perkin Elmer). The imaging data were analyzed by using InForm analysis software 

(Perkin Elmer). 

Experiments in NOD/SCID/yc 7-mice 

102731 	NSG mouse tumor models were conducted under SCRI IACUC 

approved protocols. 

Intracranial NSG Mouse Human Neuroblastoma Xenograft Model 

10274] 	Adult male NOD.Cg-PrkdeldIl2re1wil/SzT [NOD scid gamma(NSG)] 

mice were obtained from the Jackson Laboratory or bred in-house. Mice were injected 

intracranially (i.e.) on day 0 with 2 x 10{  IL-2secreting, ffLuc expressing Be2 or SK-N-DZ 

tumor cells 2mm lateral, 0.5mm anterior to the bregma and 2.5mm deep from the dura. 

Mice received a subsequent intra tumoral injection of 2 x 106  CAR-modified CD8+TE(cm) 

either seven (therapy response model) or fourteen (stress test model) days later. In the 

stress test model the mice were euthanized 3 days after T cell injection and brains were 

harvested for IHC analysis. For bioluminescent imaging of tumor growth, mice received 

intra peritoneal (i.p.) injections of D-luciferin (Perkin Elmer; 4.29mg/mouse). Mice were 

anesthetized with isoflurane and imaged using an IVIS Spectrum Imaging System (Perkin 

Elmer) 15 minutes after D-luciferin injection. Luciferase activity was analyzed using 

Living Image Software Version 4.3 (Perkin Elmer) and the photon flux analyzed within 

regions of interest. 

Statistical analyses 

102751 	Statistical analyses were conducted using Prism Software (GraphPad). 

Data are presented as means 1 SD or SEM as stated in the figure legends. Student t test 

was conducted as a two-sided unpaired test with a confidence interval of 95% and results 

with a P value less than 0.05 were considered significant. Statistical analyses of survival 

were conducted by log-rank testing and results with a P value less than 0.05 were 

considered significant. 
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Magnitude of CAR triggered cytolytic and cytokine functional outputs can be 

incrementally modulated based on CAR extracellular spacer size 

10276] 	The biophysical synapse between CAR expressing T cell and tumor cell 

is influenced by the epitope location on the tumor cell surface target molecule relative to 

the distance from the tumor cell's plasma membrane. It was hypothesized that CAR 

extracellular spacer size tuning to accommodate a functional signaling synapse is a key 

attribute to engineering bioactive CARS. In order to assess the impact of CD171-specific 

and/or targeting CAR extracellular spacer size, a set of spacers were assembled using 

modular domains of human IgG4 as follows: "long spacer" (LS) IgG4 hinge-CH2-CH3, 

"medium spacer" (MS) Ig04 hinge-CH3 fusion, and "short spacer" (SS) IgG4 hinge. Each 

spacer variant was fused to a CD28 transmembrane domain followed by a second 

generation (2G) 4-1BB:zeta endodomain, that in turn was linked to the cell surface EGFRt 

tag using a T2A ribosome skip peptide (Fig. 13A). Sets of spacer variant 20- 

CAR-VEGFRe human CD8' central memory derived effector T cell lines (TE(CM)) from 

purified CD8+CD45RO+CD62L+  central memory precursors by immunomagnetie selection 

were generated (Figs. 19A and B). Following expansion of lentivirally transduced TE(CM), 

lines were further enriched for homogeneous levels of EGFRt expression by cetuximab 

immunomagnetic positive selection (18). Similar surface expression levels of each of the 

CAR spacer variants by anti-murine F(ab)- and EGFR-specific flow cytometric staining 

and protein expression quantified by western blot for CD3 	of each T cell line was 

confirmed (Figs. 13B and C). 

10277] 	Following the results it was to be determined if the magnitude of 2G- 

CAR triggered in vitro activation of CD8+TE(cm)  is influenced by spacer domain size. 

Following activation by CD171+ human neuroblastoma (NB) tumor cells, CD171-specific 

and/or targeting 2G-CAR(LS) CD8+ T E(CM) exhibited 3.1-fold higher levels of phospho- 

ERK (p.003), and 5.7-fold higher percentage of cells expressing the activation marker 

CD137 (p=0.015) as compared to their CD171-CAR(SS) counterparts (Figs. 131) and E). 

2G-CAR(MS) exhibited intermediate levels of phospho-ERK and CD137 induction as 

compared to LS and SS 2G-CARs. Next, it was determined if spacer size also modulated 

the magnitude of anti-tumor cytolytic activity in a LS>MS>SS pattern. Using 4-hour 

chromium release assays, lysis of CD171+ NB target cells was observed following the 

same potency gradient of LS>MS>SS against both CDI71 high Be2 and CD171 low SK- 
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N-DZ NB cell lines (Fig. 13F and Fig. 20A). Further, activation for cytokine secretion 

followed the same incremental output hierarchy such that 2G-CAR(LS) produced 8.4-fold 

higher amount of IFN-y (p=0.003), 6.3-fold more IL-2 (p<0.0001) and 6.1-fold higher 

levels of TNF-a (p=0.005; Fig. 13G) as compared to 2G-CAR(SS), with 2G-CAR(MS) 

falling between the two extremes. These data demonstrate that the biophysical synapse 

created by CARs can be tuned by spacer size such that incremental levels of activation and 

functional outputs are achieved. Based on standard CAR development criteria typically 

utilized in the field, the 2G-CAR(LS) spacer variant would be a lead candidate for further 

development for clinical applications. 

Inverse correlation of spacer modulated CAR redirected CTL functional potency in 

vitro with in vivo anti-tumor activity 

10278] 	In order to delineate the relationship of the observed potency of CAR 

signaling based on in vitro assays to therapeutic activity in vivo, adoptive transfer 

experiments in NSG mice with established human NB xenografts stereotactically 

implanted in the cerebral hemisphere were performed (Fig. 14A). Surprisingly, Be2 tumor 

engrafted mice treated with intratumoral 	injection of 2G-CAR(LS) exhibited no 

therapeutic activity necessitating animal euthanasia approximately 3 weeks after tumor 

inoculation (Figs. 14B and C). In comparison, biophotonic tumor signal was reduced and 

survival enhanced in mice treated with 2G-CAR(SS) CAR CD8+ T E(0A) 	and to an 

intermediate extent in mice treated with the 2G-CAR(MS) variant (p=0.001; median 

survival of the different groups: LS=20d, mock=21d, MS=59.5d, SS=76d). SK-N-DZ 

tumor engrafted mice exhibited a SS>MS>>LS hierarchy of tumor responses with uniform 

tumor clearance and 100% survival of animals treated with 2G-CAR(SS) CD8+ TE(cm) 

(Figs. 20C and D). Failure of 2G-CAR(LS) redirected CTLs, which are injected directly 

into engrafted tumors, could not be attributed to their failure to survive adoptive transfer 

and be activated in situ, as equivalent intratumor densities of transferred T cells which 

expressed granzyme B and Ki67 were observed by IHC early after adoptive transfer (day 3) 

(Figs. 14D-G). While not statistically significant (p=0.34), 2G-CAR(LS) CD8+ TE(cm) in 

which activated caspase 3 was detected were 12.1-fold more frequent than their 2G- 

CAR(SS) counterparts. These data reveal an unexpected discordance between the in vitro 

anti-tumor potency of CAR redirected T cells dictated by extracellular spacer size, and 

their in vivo anti-tumor therapeutic activity. 
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Augmented Activation Induced Cell Death Accompanies Hyperactive Signaling 

Outputs of Long Spacer Formatted Second Generation CAR Upon Recursive 

Antigen Exposure 

102791 	It was hypothesized that whereas in vitro activation for cytolysis in a 4- 

hour CRA is the consequence of a limited duration of CAR mediated signaling, the in vivo 

tumor model requires recursive rounds of activation to achieve tumor eradication. Thus, 

the signaling performance of a particular CAR format that dictates superior metrics in vitro 

may fail to reveal the consequences of the signaling amplitude in vivo. In order to 

reproduce recursive serial stimulation in vitro, a CAR T cell-tumor cell co-culture "stress 

test" assay was devised whereby every 24 hours, CAR T cells are harvested and recursively 

transferred to culture dishes seeded with tumor cells adjusting for a constant viable T 

cell:tumor cell ratio of 1:1 (Fig. 15A). Be2 modified to express firefly luciferase was 

utilized to concurrently track tumor cell killing upon each of three rounds of serial transfer. 

The recursive activation of the 2G-CAR spacer variant lines resulted in equivalent loss of 

anti-tumor activity by round III (Fig. 15B). Additionally, analysis of each spacer variant 

expressing effector cells after each round by flow cytometric measurement revealed that 

2G-CAR(LS) CD8+TE(CM) displayed higher frequencies of cells expressing activation 

markers CD25 and CD69, as compared to their 2G-CAR(SS) counterparts (round I 79.4 vs 

46.8%, p=0.007; round I174.0 vs 47.6%; round III 65.7 vs 42.1%, p=0.037) (Fig. 15C). 

10280] 	In contrast to the LS>MS>SS pattern of upregulation of activation 

markers in round I that mimicked earlier in vitro analysis, it was observed that a 

LS/MS>SS loss of T cell viability that was most substantial in round III (round III percent 

dead cells LS 58.7%. MS 62.6% vs SS 21.1%, LS vs SS p=0.024 and MS vs SS p=0.007) 

(Fig. 15D). To substantiate that the asymmetric loss of T cell viability by 2G-CAR(LS) 

CTLs occurring with recursive activation was the result of exaggerated AICD, the 

mechanism of cell death was assessed, focusing on FasL-Fas mediated T cell fratricide. It 

was observed that tumor-induced CAR activation dependent upregulation of FasL 

followed a LS>MS>SS hierarchy as 2G-CAR(LS) CD8+TE(cm)  displayed 4.8- and 2.5-fold 

higher FasL surface expression, and, 5.5- and 3.3-fold higher FasL mRNA abundance than 

the short or medium spacer CAR T cells, respectively (long vs short: p<0.0001 and 

p=0.002; long vs medium: p<0.0001 and p=0.016) (Figs. 15E and F). To link FasL 

expression with increased Fas mediated apoptosis, caspase 3 activity was analyzed and 
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13.2-fold higher levels of cleaved caspase 3 in 2G-CAR(LS) CD8+ T E(CM) as compared to 

their SS counterpart (p<0.0001) was observed (Fig. 15G). Lastly. 2G-CAR(LS) CD8+ 

TE(CM) were subjected to siRNA knockdown of Fas or FasL, then exposed to tumor and a 

I.4-fold (Fas) (p=0.005) and 1.6-fold (FasL) (p=0.0001) increase in T cell viability after 

round III, was observed, respectively (Fig. 1511). To verify that the siRNA knock-down led 

to a reduction of Fas/FasL, their surface expression on the 2G-CAR(LS) CD8+ TE(CM) was 

assessed and a 91.3% reduction in Fas+ (p<0.0001) and 80.1% reduction in FasL+ CTLs 

(p<0.0001) was observed than 2G-CAR(LS) CD8+T E(CM) treated with scrambled siRNA 

(Figs. 21A and B). In aggregate, these data demonstrate that tuning of CAR spacer size 

can modulate downstream signaling events that result not only in differential magnitudes 

of anti-tumor functional outputs but coordinated increases in susceptibility to AICD. The 

balance between these two processes for optimal in vivo anti-tumor activity may not 

always be achieved by spacer tuning to achieve the highest levels of CAR signaling 

outputs as exemplified by these comparisons of 2G-CAR(LS) and 2G-CAR(SS) structural 

variants. 

Augmentation of CAR Cytoplasmic Endodomain Composition Reverts Short Spacer 

CD171-CAR to A1CD Prone Variant Upon Recursive Tumor Encounter 

[0281] 	Third 	generation 	CARs 	contain two 	co-stimulatory 	endodomain 

modules in series with the CD3-C activation module and have been reported to augment the 

magnitude of cytolysis and cytokine production levels over their second generation 

counterparts. CD171-specific and/or targeting 3G-CAR were assembled through the 

addition of a CD28 endodomain to the 2G 4-1BB:zeta endodomain (Fig. 16A). 

CD8+TE(CM) expressing comparable levels of 2G-CAR(SS) and 3G-CAR(SS) were derived 

from purified TCM precursors by immunomagnetic selection (Figs. 16B and C). 3G- 

CAR(SS) CD8+TE(cm) demonstrated an 8.4-fold higher induction of CD137 expression 

upon tumor contact than their second generation counterparts (p<0.0001) (Fig. 16D), a 1.3-

fold increase in cytolytic activity against Be2 targets (effector to target ratio 1:10, 

p=0.0001) (Fig. 16E) and 5.1-fold more IL-2 and 2.5-fold more TNF-a secretion 

(p<0.0001 and p=0.003) (Fig. 16F). 

[0282] 	Next it was assessed whether heightened T cell activation through an 

augmented CAR mediated by the 3G endodomain, in the context of an extracellular short 

spacer. could selectively enhance anti-tumor activity in vivo without exacerbation of 
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AICD. Surprising, Be2 (Fig. 17A) and SK-N-DZ (Fig. 17B) was inferior, though not to a 

statistically significant degree to their 2G-CAR(SS) counterparts. These findings could not 

be attributable to differences in short term persistence of CAR T cells within tumors based 

on similar densities of human CD34  T cells detected 3 days after adoptive transfer (Fig. 

17C). Despite the finding of higher frequencies of granzyme B+  3G-CAR(SS) T cells 

compared to 2G-CAR(SS) intratumoral T cells, augmented numbers of third generation T 

cells with activated caspase 3 was again observed, suggesting that the augmented 

costimulation through a combined effect of CD28 and 4-1BB in the third generation CAR 

was capable of hyperstimulation resulting in heightened AICD, despite the context of a 

short spacer extracellular domain (Fig. 17D). This was confirmed by comparing their 

performance using the in vitro stress test assay. Following each round of tumor 

stimulation, higher frequencies of 	CD25+CD69+ T cells in the 3G-CAR(SS) T cell 

population was observed (Fig. 18A) accompanied by increased frequencies of dead T cells 

through successive rounds of activation (Fig. 18B). Augmented AICD was again 

associated with heightened levels of Fasl, expression by surface staining and mRNA 

content, that in turn coincided with increased levels of activated caspase 3 (Figs. 18C-E). 

These data demonstrate that over tuning of CAR signaling outputs based on intracellular 

signaling domain composition negatively impacted on a tuned short spacer dimension in a 

combinatorial manner by enhancing FasL-mediated T cell AICD. 

[0283] 	CARs are capable of mediating multiplexed signaling outputs that 

trigger redirected anti-tumor T cell effector function. Despite the irrefutable therapeutic 

potency of CAR T cells redirected to CD19 in patients with acute lymphoblastic leukemia, 

the biophysical structure-function attributes of this class of synthetic receptor remain 

incompletely understood. While it stands to reason that the tuning of CARs for effective T 

cell anti-tumor activity will be more stringent in solid tumor applications, empiric designs 

of CARs based on limited understanding of the impact of their composition on in vivo anti-

tumor function will only hamper progress in human clinical applications. Here, CAR 

structure-function in human central memory derived CD84  effector CTL's focusing on the 

combinatorial effect(s) of extracellular spacer dimension in the context of cytoplasmic 

signaling module composition was systematically interrogated. By surveying CAR 

signaling strength using in vitro assays, a potency hierarchy of CAR structural variants was 

identified. These analyses have revealed a range of CAR signaling outputs that is 
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permissive for in vivo anti-tumor activity above which in vivo potency is attenuated by 

heightened AICD. 

[02841 	The evolution of CAR design has proceeded to date via a largely 

empiric process, and has focused predominantly on the augmentation of signaling outputs 

through combinatorial modules of costimulatory receptor cytoplasmic domains fused in 

series to ITAM containing activation domains, such as the zeta chain of the CD3 complex. 

Comparisons of the function of CTL's expressing first, second, or third generation CARs 

have typically been made in the context of a "stock" extracellular spacer domain preferred 

by a particular laboratory, ranging from full length IgGs to relatively short CD8a hinges or 

membrane proximal portions of CD28 Many have studied the impact of spacer dimension 

on CAR signaling and functional activity. Unlike a TcR contact with peptide loaded HLA 

Class I or 11, which defines a scripted biophysical gap between T cell plasma membrane 

and target cell plasma membrane that is permissive for assembly of a supramolecular 

activation complex (SMAC), CARs do not conform to this dimensional relationship as a 

consequence of the target molecule's structural dimensions, the scFv's epitope location on 

the target molecule, and the CAR's spacer size. The molecular assembly of a SMAC via 

CARs is relatively unknown, but analysis to date suggests that it does not replicate the 

orderly architecture of a TcR SMAC. While the first two dimensions are unique to each 

selected antigen and antibody binding domain choice, the CAR spacer is size tunable and 

can compensate to some extent in normalizing the orthogonal synapse distance between 

CAR T cell and target cell. This topography of the immunologic synapse between T cell 

and target cell also defines distances that cannot be functionally bridged by a CAR due to a 

membrane distal epitope on a cell surface target molecule that, even with a short spacer 

CAR, cannot bring the synapse distance in to an approximation for signaling. Likewise, 

membrane proximal CAR target antigen epitopes have been described for which signaling 

outputs are only observed in the context of a long spacer CAR. 

102851 	Using a CD171-specific and/or targeting scFv binding domain derived 

from the CE7 mAb, the impact of extracellular spacer size on signaling outputs from a 4- 

1BB:zeta second generation CAR was first assessed. It was observed that incremental 

gains of function in signaling outputs based on in vitro assays as spacer size increased from 

the short IgG4 hinge spacer, to an intermediate hingc:CH3, to the full length IgG4 hinge:Fc 

spacer. Unexpectedly, upon in vivo testing against established stereotactically implanted 
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intraparenchymal brain neuroblastoma xenografts in NSG mice, the anti-tumor potency of 

intratumorally injected CAR CD8+ 	CTL was inversely correlated to spacer size (i.e. 

SS>MS>>LS) and in vitro functional potency. The direct intratumoral route of T cell 

administration was used to eliminate potential spacer effects on T cell migration or 

interactions with mouse Fc+ cells that could affect survival. Given these findings, it was 

hypothesized that commonly employed in vitro assays that assess CAR T cell function (i.e. 

tumor cell cytolysis, stimulation of cytokine secretion, and proliferation), upon a single 

limited duration tumor cell encounter fail to detect the subsequent fate of CAR T cells 

upon recursive tumor exposure, as would be predicted to occur within solid tumors in vivo. 

To better assess this possibility an in vitro assay was devised in which CAR T cells are 

recursively exposed to equal numbers of biophotonic reporter gene expressing tumor cells. 

Tumor cell killing can thereby be quantitated biophotonically and retrieved CAR T cells 

can be interrogated for activation status, viability, and caspase activity after each round of 

tumor co-culture. It was observed that upon three recursive tumor encounters in vitro, 

disproportionate increases in the frequency of T cells undergoing apoptosis among 2G- 

CAR(LS) T cells as compared to 2G-CAR(SS) T cells. The exaggerated AICD correlated 

with heightened LS CAR induced expression of Fasl, and activated caspase 3 relative to 

SS CAR. AICD in LS CAR T cells was reduced by siRNA knockdown of FAS or FasL 

prior to exposure to tumor cells. These in vitro findings correlated with limited intratumor 

persistence of LS CAR T cells within tumor xenografts as compared with SS CAR T cells. 

In aggregate these data demonstrate that the non-signaling extracellular spacer is a major 

tunable CAR design element that impacts not only on signaling activity but persistence of 

CAR T cells in solid tumors. 

102861 	Given the relation between spacer dimension and in vivo survival in the 

context of a 4-1BBzeta second generation (2G) CAR, endeavors to determine if the short 

spacer dimension would be generically optimal in the context of the augmenting signaling 

outputs of a third generation (3G) CD28:4-IBB:zeta CAR endodomain format were 

performed. Consistent with observations made by multiple other groups, the CD171-

specific and/or targeting 3G-CAR(SS) stimulated heightened levels of cytolytic activity 

and cytokine synthesis compared to the 2G-CAR(SS) upon in vitro tumor stimulation. 

However, the augmented signaling outputs of the 3G-CAR in the context of its short 

spacer also increased FasL expression, exacerbated apoptosis as indicated by increased 
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levels 	of activated 	caspase 	3 	and 	resulted 	in 	higher 	frequencies 	of cell 	death. 

Correspondingly, impaired in vivo anti-tumor efficacy of the 3G-CAR(SS) T cells, as 

compared to the 2G-CAR(SS) due to attenuated in vivo intratumoral survival was 

observed. While CD28 costimulates T cells upon initial antigen activation and enhances T 

cell viability by deflecting AICD through NFAT regulated increases in cFLIPshort, 

published studies have also revealed that recursive CD28 costimulation of previously 

activated T cells can reduce their subsequent survival via augmented FasL expression and 

consequently, increased AICD. It is interesting therefore, to speculate if recursive CD28 

signaling mediated by anti-CD19 CD28:zeta CAR T cells is responsible for the relatively 

short persistence duration in treated ALL patients, as compared to the often prolonged 

persistence of anti-CD19 4-1BB:zeta treated patients in reported clinical trials (2, 35). In 

aggregate, these data demonstrate that in vivo potency of CAR redirected T cells is 

dependent, in part. on identifying permissive combinations of size optimized extracellular 

spacer domains in the context of a particular cytoplasmic signaling domain composition. 

Further, in vitro assay for assessing the proclivity of a CAR construct to induce AICD in 

primary human CD8-  CTL upon recursive activation events was described. These studies 

reveal a caveat of "overtuning" of CARs based on the combinatorial net effect of spacer 

dimension and cytoplasmic signaling module selection. 

10287] 	There is as yet no predictive structural model that can reliably direct a 

priori how CARS should be built based on target molecule epitope location relative to the 

plasma membrane of the tumor cell. Moreover, commonly used surrogate in vitro 

bioassays may instruct away from a definitive choice of CAR composition that results in 

the greatest differential between high-level fimctional anti-tumor CAR T cell outputs and 

low-level AICD. The work here demonstrates that a CAR structural library screen 

technique using the in vitro stress test assay may be a valuable additional parameter to 

integrate into CAR engineering. It is conceivable that genetic strategies might limit 

susceptibility of hyperactive CAR constructs to undergo AICD, such as forced over 

expression of cFLIP or Toso, or, vector directed synthesis of siRNAs that knock down 

FasL or Fas. Manipulation of T cell susceptibility to undergo apoptosis will require 

commensurately stringent safety features, such as inclusion of inducible suicide constructs, 

or, transgene expression control rheostats under clinician control, such as small molecule 

regulated 	transcriptional 	or 	translational 	control 	systems. 	Additional 	secondary 

116 



consequences of CAR overtuning also require interrogation, such as predilection of 

hyperactive CARs to trigger augmented expression of inhibitory receptors, such as PD-1, 

capable of enforcing an exhausted T cell functional status within PD-L1. The data 

demonstrate that: 1.) CAR structure-function in vitro testing using commonly employed 

functional assays can misdirect selection of candidate constructs as common practice is to 

focus on those constructs that display the highest functional activity, and; 2.) potency 

tuning of CAR redirected effector CTLs has an upper limit above which gains in the 

magnitude of effector outputs are negated by augmentation in AICD upon recursive 

triggering through the CAR. These results have guided the selection of a CD171-specific 

and/or targeting short spacer CAR for a Phase I study in children with relapsed/refractory 

neuroblastoma. 

Additional Alternatives 

102881 	In some alternatives, a chimeric receptor nucleic acid is provided. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, wherein the ligand binding domain binds to and/or targets 

CD171, b) a polynucleotide coding for a polypeptide spacer of a length that is can target 

and/or is specific for the ligand, wherein the spacer is optimized, c) a polynucleotide 

coding for a transmembrane domain and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the ligand binding domain is an antibody fragment. 

In some alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less. In some alternatives, the spacer comprises 

an amino acid sequence of X1 PPX2P. In some alternatives, the spacer region comprises a 

portion of a hinge region of a human antibody. In some alternatives, the intracellular 

signaling domain comprises all of a portion of CD3 zeta in combination with a 

costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, 

CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. 	In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

spacer is optimized for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. 
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10289] 	In some alternatives, a chimeric receptor polypeptide is provided. In 

some alternatives, the chimeric receptor polypeptide is coded for by a chimeric receptor 

nucleic acid. In some alternatives. the chimeric receptor nucleic acid comprises: a)a 

polynucleotide coding for a ligand binding domain, wherein the ligand binding domain 

binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide spacer of a 

length that is specific for the ligand, wherein the spacer is optimized, c) a polynucleotide 

coding for a transmembrane domain and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the ligand binding domain is an antibody fragment. 

In some alternatives, the spacer is optimized for increased T cell proliferation and/or 

cytokine production in response to the ligand as compared to a reference chimeric receptor. 

In some alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, 1COS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. 	In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. 

102901 	In some alternatives, an expression vector comprising an isolated 

chimeric receptor nucleic acid is provided. In some alternatives, the chimeric receptor 

nucleic acid comprises: a) 	a polynucleotide coding for a ligand binding domain, 

wherein the ligand binding domain binds to and/or targets CD171, b) a polynucleotide 

coding for a polypeptide spacer of a length that is specific for the ligand, wherein the 

spacer is optimized, c) a polynucleotide coding for a transmembrane domain and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

spacer is optimized for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. In some alternatives, 

the ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 
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acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of XI PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-I, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. 

10291] 	In some alternatives a host cell is provided. In some alternatives, the 

host cell comprises an expression vector. In some alternatives, the expression vector 

comprises an isolated chimeric receptor nucleic acid is provided. In some alternatives, the 

chimeric receptor nucleic acid comprises: a) a polynucleotide coding for a ligand binding 

domain, wherein the ligand binding domain binds to and/or targets CD171, b) a 

polynucleotide coding for a polypeptide spacer of a length that is specific for the ligand, 

wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane domain 

and d) a polynucleotide coding for an intracellular signaling domain. In some alternatives, 

the spacer is optimized for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. In some alternatives, 

the ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of XI PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, 1COS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of 

nave CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 
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bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, 

and/or CD8+. In some alternatives, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the 

CD4+ helper lymphocyte cell is a naive CD4+ T cell, wherein the naive CD4+ T cell is 

positive for CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. 

[0292] 	In some alternatives, a composition is provided. In some alternatives, 

the composition comprises a host cell in a pharmaceutically acceptable excipicnt. In some 

alternatives, the host cell comprises an expression vector. In some alternatives, the 

expression vector comprises an isolated chimeric receptor nucleic acid is provided. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, wherein the ligand binding domain binds to and/or targets 

CD171, b) a polynucleotide coding for a polypeptide spacer of a length that is specific for 

the 	ligand, 	wherein 	the 	spacer 	is 	optimized, 	c) a polynucleotide coding for a 

transmembrane domain and d) a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1 PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naive CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell, wherein the central memory T cell 

is positive for CD45RO+, CD62L+, and/or CD8+. In some alternatives, wherein the host 
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cell is a CD4+ T helper lymphocyte cell is selected from the group consisting of naive 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naïve CD4+ T 

cell, wherein the nave CD4+ T cell is positive for CD45RA+, CD62L+ and/or CD4+ 

and/or negative for CD45RO. In some alternatives, the composition comprises a host cell, 

wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of nave CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or wherein the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, 

and/or CD8+ and another host cell, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naive CD4+ I cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells or wherein the CD4+ helper 

lymphocyte cell is a nave CD4+ T cell, wherein the naive CD4+ T cell is positive for 

CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some alternatives, 

the spacer is optimized for increased T cell proliferation and/or cytokinc production in 

response to the ligand as compared to a reference chimeric receptor. 

[0293] 	In some alternatives, an in vitro method for preparing a host cell is 

provided. In some alternatives, the in vitro method for preparing a host cell comprises: a) 

providing a library of nucleic acids coding for a chimeric receptor wherein each of the 

plurality of nucleic acids code for a chimeric receptor that differs in length, b) introducing 

each of the plurality of the nucleic acids into a separate isolated T lymphocyte population 

and expanding each T lymphocyte population in vitro, c) administering each genetically 

modified T lymphocyte population into an animal model bearing a tumor and determining 

whether a genetically modified T lymphocyte population has anti-tumor efficacy and d) 

selecting a nucleic acid coding for the chimeric receptor that provides for anti-tumor 

efficacy in vitro and/or in an animal model. In some alternatives, the host cell comprises an 

expression vector. In some alternatives, the expression vector comprises an isolated 

chimeric receptor nucleic acid is provided. In some alternatives, the chimeric receptor 

nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, wherein 

the ligand binding domain binds to and/or targets CD171, h) a polynucleotide coding for a 

polypeptide spacer of a length that is specific for the ligand, wherein the is optimized, c) a 

polynucleotide coding for a transmembrane domain and d) a polynucleotide coding for an 
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intracellular signaling domain. In some alternatives, the spacer is optimized for increased T 

cell proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor. In some alternatives, the ligand binding domain is an antibody 

fragment. In some alternatives, the ligand binding domain is single chain variable 

fragment. In some alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 

amino acids). In some alternatives, the spacer comprises an amino acid sequence of 

X1PPX2P. In some alternatives, the spacer region comprises a portion of a hinge region of 

a human antibody. In some alternatives, the intracellular signaling domain comprises all of 

a portion of CD3 zeta in combination with a costimulatory domain selected from the group 

consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, 

NKG2C, and B7-H3 or combinations thereof. 	In some alternatives, the intracellular 

signaling domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some 

alternatives, the chimeric receptor nucleic acid further comprises a nucleic acid that codes 

for a marker sequence. In some alternatives, the host cell is a CD8+ T cytotoxic 

lymphocyte cell selected from the group consisting of naive CD8+ T cells, central memory 

CD8+ T cells, effector memory CD8+ T cells 	and 	bulk CD8+ T cells. In some 

alternatives, the CD8+ cytotoxic T lymphocyte cell is a central memory T cell wherein the 

central memory T cell is positive for CD45R0+, CD62L+, and/or CD8+. In some 

alternatives, wherein the host cell is a CD4+ T helper lymphocyte cell is selected from the 

group consisting of naive CD4+ T cells, central memory CD4+ T cells, effector memory 

CD4+ T cells, and bulk. CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte 

cell is a naïve CD4+ T cell, wherein the naïve CD4+ T cell is positive for CD45RA+, 

CD62L+ and/or CD4+ and negative for CD45RO. In some alternatives, the nucleic acids 

coding for a chimeric receptor comprises an expression vector. In some alternatives, the 

expression vector comprises an isolated chimeric receptor nucleic acid. In some 

alternatives, the chimeric receptor nucleic acid comprises: a) 	a 	polynucleotide 

coding for a ligand binding domain, wherein the ligand binding domain binds to and/or 

targets CD171, b) a polynucleotide coding for a polypeptide spacer of a length that is 

specific for the ligand, wherein the spacer is optimized, c) a polynucleotide coding for a 

transmembrane domain and d) a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the spacer is optimized for increased I cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 
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receptor. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1 PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-113B. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the method further comprises introducing the selected 

nucleic acid coding for the chimeric receptor into a host cell. 

102941 	In some alternatives, an in vitro method for preparing a host cell is 

provided. In some alternatives, the method comprises a) introducing a chimeric receptor 

nucleic acid or an expression vector into a lymphocyte population that has a CD45RA-, 

CD45RO+, and/or CD62L+ phenotype and b) culturing the cells in the presence of anti- 

CD3 and/or anti CD28, and at least one homeostatic cytokine until the cells expand 

sufficiently for use as a cell infusion. In some alternatives, the host cell comprises an 

expression vector. In some alternatives, the expression vector comprises an isolated 

chimeric receptor nucleic acid is provided. In some alternatives, the chimeric receptor 

nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, wherein 

the ligand binding domain binds to and/or targets CD171, b) a polynucleotide coding for a 

polypeptide spacer of a length that is specific for the ligand, wherein the spacer is 

optimized, c) a polynucleotide coding for a transmembrane domain and d) a polynucleotide 

coding for an intracellular signaling domain. In some alternatives, the ligand binding 

domain is an antibody fragment. In some alternatives, the ligand binding domain is single 

chain variable fragment. In some alternatives, the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand as compared to a 

reference chimeric receptor. In some alternatives, the spacer is 15 amino acids or less (hut 

not less than 1 or 2 amino acids). In some alternatives, the spacer comprises an amino acid 

sequence of X1 PPX2P. In some alternatives, the spacer region comprises a portion of a 
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hinge region of a human antibody. In some alternatives, the intracellular signaling domain 

comprises all of a portion of CD3 zeta in combination with a costimulatory domain 

selected from the group consisting of CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, 

ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations thereof. 	In some 

alternatives, the intracellular signaling domain comprises a portion of CD3 zeta and a 

portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid further 

comprises a nucleic acid that codes for a marker sequence. In some alternatives, the host 

cell is a CD8+ T cytotoxic lymphocyte cell selected from the group consisting of naive 

CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and bulk 

CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+. 

and/or CD8+. In some alternatives, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells. In some alternatives, the 

CD4+ helper lymphocyte cell is a naïve CD4+ I cell, wherein the naive CD4+ T cell is 

positive for CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some 

alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding for a 

ligand binding domain, wherein the ligand binding domain binds to and/or targets CD171, 

b) a polynucleotide coding for a polypeptide spacer of a length that is specific for the 

ligand, wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane 

domain and d) a polynucleotide coding for an intracellular signaling domain. In some 

alternatives, the ligand binding domain is an antibody fragment. In some alternatives, the 

spacer is optimized for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. In some alternatives, 

the ligand binding domain is single chain variable fragment. In some alternatives, the 

spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In some alternatives, 

the spacer comprises an amino acid sequence of XJ PPX2P. In some alternatives, the spacer 

region comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-113 or combinations 

thereof. 	In some alternatives, the intracellular signaling domain comprises a portion of 
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CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

expression vector comprises an 	isolated chimeric receptor nucleic acid. In some 

alternatives, the chimeric receptor nucleic acid comprises: a) 	a 	polynucleotide 

coding for a ligand binding domain, wherein the ligand binding domain binds to and/or 

targets CD171, b) a polynucleotide coding for a polypeptide spacer of a length that is 

specific for the ligand, wherein the spacer is optimized, c) a polynucleotide coding for a 

transmembrane domain and d) a polynucleotide coding for an intracellular signaling 

domain. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less. In some alternatives, the spacer comprises 

an amino acid sequence of X1 PPX2P. In some alternatives, the spacer region comprises a 

portion of a hinge region of a human antibody. In some alternatives, the intracellular 

signaling domain comprises all of a portion of CD3 zeta in combination with a 

costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, 

CD30,. CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations 

thereof. 	In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-I BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

lymphocyte is CD8+ or CD4+. 

(02951 	In some alternatives, a use of a host cell or composition in the treatment 

of cancer or a solid tumor expressing CD171 is provided. In some alternatives, the 

composition comprises a host cell in a pharmaceutically acceptable excipient. In some 

alternatives, the host cell comprises an expression vector. In some alternatives, the 

expression vector comprises an isolated chimeric receptor nucleic acid is provided. In 

some alternatives, the chimeric receptor nucleic acid comprises: a) a polynucleotide coding 

for a ligand binding domain, wherein the ligand binding domain binds to and/or targets 

CDI71, b) a polynucleotide coding for a polypeptide spacer of a length that is specific for 

the 	ligand, 	wherein 	the 	spacer is 	optimized, 	c) 	a 	polynucleotide 	coding 	for a 

transmembrane domain and d) a polynucleotide coding for an intracellular signaling 
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domain. In some alternatives, the spacer is optimized for increased T cell proliferation 

and/or cytokine production in response to the ligand as compared to a reference chimeric 

receptor. In some alternatives, the ligand binding domain is an antibody fragment. In some 

alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of XI PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-1BB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-H3 or combinations thereof. In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell wherein the central memory T cell 

is positive for CD45RO+, CD62L+, and/or CD8+. In some alternatives, wherein the host 

cell is a CD4+ I helper lymphocyte cell is selected from the group consisting of naive 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a naive CD4+ T 

cell, wherein the naive CD4+ T cell is positive for CD45RA+, CD62L+ and/or CD4+ 

and/or negative for CD45RO. In some alternatives, the composition comprises a host cell, 

wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naive CD8+ T cells, central memory CD8+ I cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or wherein the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell, wherein the central memory T cell is positive for CD45RO+, CD62L+, 

and/or CD8+ and another host cell, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naive CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells or wherein the CD4+ helper 

lymphocyte cell is a naïve CD4+ T cell, wherein the naïve CD4+ T cell is positive for 

CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some alternatives, the 
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host cell comprises an expression vector. In some alternatives, the expression vector 

comprises an isolated chimeric receptor nucleic acid is provided. In some alternatives, the 

chimeric receptor nucleic acid comprises: a) a polynucleotide coding for a ligand binding 

domain, wherein the ligand binding domain binds to and/or targets CD171, b) a 

polynucleotide coding for a polypeptide spacer of a length that is specific for the ligand, 

wherein the spacer is optimized, c) a polynucleotide coding for a transmembrane domain 

and d) a polynucleotide coding for an intracellular signaling domain. In some alternatives, 

the spacer is optimized for increased T cell proliferation and/or cytokine production in 

response to the ligand as compared to a reference chimeric receptor. In some alternatives, 

the ligand binding domain is an antibody fragment. In some alternatives, the ligand binding 

domain is single chain variable fragment. In some alternatives, the spacer is 15 amino 

acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of Xi PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C. and B7-H3 or combinations 

thereof. 	In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

host cell is a CD8+ T cytotoxic lymphocyte cell 	selected from the group consisting of 

naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory T cell wherein the central memory T cell is positive for CD45RO+, CD62L+, 

and/or CD8+. In some alternatives, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the 

CD4+ helper lymphocyte cell is a nave CD4+ T cell, wherein the naïve CD4+ T cell is 

positive for CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some 

alternatives, the cancer is a neuroblastoma. In some alternatives, the solid tumor is selected 

from the group consisting of a colon cancer, renal cancer, pancreatic cancer, and ovarian 

cancer. 
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f02961 	In some alternatives, a method of performing cellular immunotherapy in 

a subject having cancer or tumor is provided. In some alternatives. the method comprises 

administering a composition or a host cell to the subject. In some alternatives, the host cell 

comprises an expression vector. In some alternatives, the expression vector comprises an 

isolated chimeric receptor nucleic acid is provided. In some alternatives, the chimeric 

receptor nucleic acid comprises: a) a polynucleotide coding for a ligand binding domain, 

wherein the ligand binding domain binds to and/or targets CD171, b) a polynucleotide 

coding for a polypeptide spacer of a length that is specific for the ligand, wherein the 

spacer is optimized, c) a polynucleotide coding for a transmembrane domain and d) a 

polynucleotide coding for an intracellular signaling domain. In some alternatives, the 

ligand binding domain is an antibody fragment. In some alternatives, the spacer is 

optimized for increased T cell proliferation and/or cytokine production in response to the 

ligand as compared to a reference chimeric receptor. In some alternatives, the ligand 

binding domain is single chain variable fragment. In some alternatives, the spacer is 15 

amino acids or less (but not less than 1 or 2 amino acids). In some alternatives, the spacer 

comprises an amino acid sequence of X1PPX2P. In some alternatives, the spacer region 

comprises a portion of a hinge region of a human antibody. In some alternatives, the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with 

a costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX- 

40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7. NKG2C, and B7-1-13 or combinations 

thereof. 	In some alternatives, the intracellular signaling domain comprises a portion of 

CD3 zeta and a portion of 4-1BB. In some alternatives, the chimeric receptor nucleic acid 

further comprises a nucleic acid that codes for a marker sequence. In some alternatives, the 

host cell is a CD8+ T cytotoxic lymphocyte cell 	selected from the group consisting of 

naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T cells and 

bulk CD8+ T cells. In some alternatives, the CD8+ cytotoxic T lymphocyte cell is a central 

memory 1' cell wherein the central memory 'I' cell is positive for CD45RO+, CD62L+. 

and/or CD8+. In some alternatives, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 	In some alternatives, the 

CD4+ helper lymphocyte cell is a nave CD4+ T cell, wherein the naïve CD4+ T cell is 

positive for CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some 
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alternatives, the composition comprises a host cell in a pharmaceutically acceptable 

excipient. In some alternatives, the host cell comprises an expression vector. In some 

alternatives, the expression vector comprises an isolated chimeric receptor nucleic acid is 

provided. In some alternatives, the chimeric receptor nucleic acid comprises: a) a 

polynucleotide coding for a ligand binding domain, wherein the ligand binding domain 

binds to and/or targets CD171, b) a polynucleotide coding for a polypeptide spacer of a 

length that is specific for the ligand, wherein the spacer is optimized, c) a polynucleotide 

coding for a transmembrane domain and d) a polynucleotide coding for an intracellular 

signaling domain. In some alternatives, the ligand binding domain is an antibody fragment. 

In some alternatives, the ligand binding domain is single chain variable fragment. In some 

alternatives, the spacer is 15 amino acids or less (but not less than 1 or 2 amino acids). In 

some alternatives, the spacer comprises an amino acid sequence of X1 PPX2P. In some 

alternatives, the spacer region comprises a portion of a hinge region of a human antibody. 

In some alternatives, the intracellular signaling domain comprises all of a portion of CD3 

zeta in combination with a costimulatory domain selected from the group consisting of 

CD27, CD28, 4-IBB, OX-40, CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, 

and B7-I-13 or combinations thereof. 	In some alternatives, the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. In some alternatives, the 

chimeric receptor nucleic acid further comprises a nucleic acid that codes for a marker 

sequence. In some alternatives, the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. In some alternatives, the CD8+ 

cytotoxic T lymphocyte cell is a central memory T cell wherein the central memory T cell 

is positive for CD45R0+, CD62L+, and/or CD8+. In some alternatives, wherein the host 

cell is a CD4+ T helper lymphocyte cell is selected from the group consisting of nave 

CD4+ T cells, central memory CD4+ T cells, effector memory CD4+ T cells, and bulk 

CD4+ T cells. In some alternatives, the CD4+ helper lymphocyte cell is a nave CD4+ T 

cell, wherein the naïve CD4+ T cell is positive for CD45RA+, CD62L+ and/or CD4+ 

and/or negative for CD45RO. In some alternatives, the composition comprises a host cell, 

wherein the host cell is a CD8+ T cytotoxic lymphocyte cell selected from the group 

consisting of naïve CD8+ T cells, central memory CD8+ T cells, effector memory CD8+ T 

cells and bulk CD8+ T cells or wherein the CD8+ cytotoxic T lymphocyte cell is a central 
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memory T cell wherein the central memory 1' cell is positive for CD45RO+, CD62L+, 

and/or CD8+ and another host cell, wherein the host cell is a CD4+ T helper lymphocyte 

cell is selected from the group consisting of naïve CD4+ T cells, central memory CD4+ T 

cells, effector memory CD4+ T cells, and bulk CD4+ T cells or wherein the CD4+ helper 

lymphocyte cell is a naïve CD4+ T cell, wherein the naïve CD4+ T cell is positive for 

CD45RA+, CD62L+ and/or CD4+ and/or negative for CD45RO. In some alternatives, the 

cancer is neuroblastoma. In some alternatives, the tumor is selected from the group 

consisting of a colon cancer, renal cancer, pancreatic cancer, and ovarian cancer. 

Table 1 Exemplary sequences 

IgG4hinge 

DNA: GAGAGCAAGTACGGA 
AA: E 	S 	K 	Y 	G 

CD28tm 
DNA:CCGCCCTGCCCCCCTTGCCCT:ATGTTCTGGGTGCTGGTGGTGGTCGGAGGC 
AA:PPCPPCP 	MFWVLVVVGG 

DNA: GTGCTGGCCTGCTACAGCCTGCTGGTCACCGTGGCCTTCATCATCTTTTGG 
AA:VLACYSLLVTVAFIIFW 

41BB 
DNA: GTG:AAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATG 
AA:V 	KRGRKKLLYIFKQPFM 

DNA: AGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCA 
AA:RPVQTTQEEDGCSCRFP 

CD3Zeta 
DNA: GAAGAAGAAGAAGGAGGATGTGAACTGCGGGTGAAG:TTCAGCAGAAGCGCC 
AA:EEEEGGCELRVK 	FSRSA 

DNA: GACGCCCCTGCCTACCAGCAGGGCCAGAATCAGCTGTACAACGAGCTGAAC 
AA:DAPAYQQGQNQLYNELN 

DNA: CTGGGCAGAAGGGAAGAGTACGACGTCCTGGATAAGCGGAGAGGCCGGGAC 
AA:LGRREEYDVLDKRRGRD 

DNA: CCTGAGATGGGCGGCAAGCCTCGGCGGAAGAACCCCCAGGAAGGCCTGTAT 
AA:PEMGGKPRRKNPQEGLY 

DNA: AACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGCATG 
AA:NELQKDKMAEAYSEIGM 
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DNA: AAGGGCGAGCGGAGGCGGGGCAAGGGCCACGACGGCCTGTATCAGGGCCTG 
AA:KGERRRGKGHDGLYQGL 

DNA: TCCACCGCCACCAAGGATACCTACGACGCCCTGCACATGCAGGCCCTGCCC 
AA:STATKDTYDALHMQALP 

T2A 
DNA: CCAAGG:CTCGAGGGCGGCGGAGAGGGCAGAGGAAGTCTTCTAACATGCGGT 
AA:PR 	LEGGGEGRGSLLTCG 

EGFRt 

DNA:GACGTGGAGGAGAATCCCGGCCCTAGG:ATGCTTCTCCTGGTGACAAGCCTT 
AA: D 	V 	E 	E 	N 	P 	G 	P 	R 	M 	L 	L 	L 	V 	I 	S 	I.. 

DNA: CTGCTCTGTGAGTTACCACACCCAGCATTCCTCCTGATCCCACGCAAAGTG 
AA: L 	L 	C 	E 	L 	P 	H 	P 	A 	F 	L 	L 	I 	P 	R 	K 	V 

DNA: TGTAACGGAATAGGTATTGGTGAATTTAAAGACTCACTCTCCATAAATGCT 
AA:CNGIGIGEFKDSLSINA 

DNA: ACGAATATTAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCAC 
AA:TNIKHFKNCTSISGDLH 

DNA: ATCCTGCCGGTGGCATTTAGGGGTGACTCCTTCACACATACTCCTCCTCTG 
AA: I 	L 	P 	V 	A 	F 	R 	G 	D 	S 	F 	T 	H 	T 	P 	P 	L 

DNA: GATCCACAGGAACTGGATATTCTGAAAACCGTAAAGGAAATCACAGGGTTT 
AA:DPQELDILKTVKETTGF 

DNA: TTGCTGATTCAGGCTTGGCCTGAAAACAGGACGGACCTCCATGCCTTTGAG 
AA: L 	L 	I 	Q 	A 	W 	P 	E 	N 	R 	T 	D 	L 	H 	A 	F 	E 

DNA: AACCTAGAAATCATACGCGGCAGGACCAAGCAACATGGTCAGTTTTCTCTT 
AA:NLEIIRGRTKQHGQFSL 

DNA: GCAGTCGTCAGCCTGAACATAACATCCTTGGGATTACGCTCCCTCAAGGAG 
AA: A 	V 	V 	S 	L 	N 	T 	S 	L 	G 	L 	R 	S 	L 	K 	E 

DNA: ATAAGTGATGGAGATGTGATAATTTCAGGAAACAAAAATTTGTGCTATGCA 
AA:ISDGDVIISGNKNLCYA 

DNA: AATACAATAAACTGGAAAAAACTGTTTGGGACCTCCGGTCAGAAAACCAAA 
AA:NTINWKKLFGTSGQKTK 

DNA: ATTATAAGCAACAGAGGTGAAAACAGCTGCAAGGCCACAGGCCAGGTCTGC 
AA: I 	I 	S 	N 	R 	G 	E 	N 	S 	C 	K 	A 	I 	G 	Q 	V 	C 

DNA: CATGCCTTGTGCTCCCCCGAGGGCTGCTGGGGCCCGGAGCCCAGGGACTGC 
AA:HALCSPEGCWGPEPRDC 

131 



DNA: GTCTCTTGCCGGAATGTCAGCCGAGGCAGGGAATGCGTGGACAAGTGCAAC 
AA:VSCRNVSRGRECVDKCN 

DNA: CTTCTGGAGGGTGAGCCAAGGGAGTTTGTGGAGAACTCTGAGTGCATACAG 
AA:LLEGEPREFVENSECIQ 

DNA: TGCCACCCAGAGTGCCTGCCTCAGGCCATGAACATCACCTGCACA.GGACGG 
AA:CHPECLPQAMNITCTGR 

DNA: GGACCAGACAACTGTATCCAGTGTGCCCACTACATTGACGGCCCCCACTGC 
AA:GPDNCIQCAHIIDGPHC 

DNA: GTCAAGACCTGCCCGGC.AGGAGTCATGGGAGAAAACAACACCCTGGTCTGG 
AA:VK 	TCPAGVMGENNTLVW 

DNA: AAGTACGCAGACGCCGGCCATGTGTGCCACCTGTGCCATCCAAACTGCACC 
AA:KIADAGHVCHLCHPNCT 

DNA: TACGGATGCACTGGGCCAGGTCTTGAAGGCTGTCCAACGAATGGGCCTAAG 
AA:YGCTGPGLEGCPTNGPK 

DNA: ATCCCGTCCATCGCCACTGGGATGGTGGGGGCCCTCCTCTTGCTGCTGGTG 
AA:IPSIATGMVGALLLLLV 

DNA: GTGGCCCTGGGGATCGGCCTCTTCATGTGA 	(SEQ ID NO:10) 
AA:VALGIGLFM* 	(SEQ ID NO:11) 

Table 2 
Exemplary Sequence Uniprot P0861 IgG4-Fe (SEQ ID NO:13) 

10.: 	29 	30.. 	4-0 , 	: 	50, 	- 	60 . 
. 	,. 	 • 	• 	: 	 . 	. _ 

Ais kt.pE.4,vrp 1:APCSRV"sr.:STAAI.Cc7,7i<•i-mrpr,Pyrrxis. InINSGATT S 011 11TrpAVTAIS 	• 

70. 	•8P 	90. 	1.09 	'110 	320 

CLYSLisSVvT•  vi:, S$1.40.7iri' llkcslitttqs I.,1710bKilVF::$ kr$315E;Cl;sof,  Ap1-1,0c;EW •   

3.0 	140 	" 	150 	.160 	•• 	3.10 	• 	180 

• , F7(bFppkrilciy.7;  LICST.:7PEST CVVVDVSQED•POQFNI,17niD , Gviv.Ipliktk 'PRitQPNTy • ' 

190 	' :290 	210 	220 	230 	..240 

. 	: 'krV8.,v1;:jvLi c)DiaLl<EyK ciVSNKG1:,Ps kEKTISKAK GQPREPQVYT upg0r2EMTK 
, 	• 	. 

'1.2.60 	2.00 	••270 	 280, 	290 	. 	:00 

: ii.q6vStr,'CINK QFYPSI).-7AVE w stic:WENN 	,:DS nG$Fr1ysi47.4 IryDN'sRwOEC 
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..310 	
,
.32.,- 	

• 
• 0 	• 	:. 	- . 	:_.•- 	• 

NVFSCSVMHE ALHNHYTQKS LSLSLGK 

1-98 	CH1 

99-110 	Hinge 

111-220 	CH2 

221-327 	CH3 

Position 108 S-P 

Table 3 

Exemplary sequence/Uniprot P10747 CD26(SEQ ID NO:14) 

1.0.: 	.:20 	. 	30 	 43. 	.:50 	 60 .,. 

El, ;.4,' 	'N.:-.0$-.;W:GX4 L,Y:KOPY4LY.KYPNAVNI;SC:KYSYNVVA4-)310KGD 

.70 	 80 	 '90; 	- -100H. 	- 110 - 123 
-.. 	 , 	 ,,. 	. 	.-  -• 	, 

-. 	 „,. 	—.. 	... 
'.:$4vJwcyvs T,Nrxscx.myys,:- .KT.GFICI)Gic,, •,-41s1ItSA/TFYLQ. -NLYVNQT1',4Y re4F,ymixPp 

.... 	. 	:., 	.. 	.• 	. 

130 	.: 	- 3.40 	• 150 	160:- 	:-170: 	'.E30 . 	. 	 -_..- 
,-- 

ZFYLDNFKOG _ 	467KGKHL CPSPLFPGFS KPFWILVVVG..G•VLACY$LLV1VAFIIFWVR. . 	..... 	 .._. 	,. 	, 	. 	: 	. 	, 	•..._•. 	,• 	" 	. 	• 

:1.40.,..: 	20.0 	210 	220 

SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS 

1-18 signal peptide 

19-152 	extrace:jular domain 

153-179 	transmembrane domain 

180-220 	intraceLLular domain 

Position 186-187 	LL-.GG 
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Table 4 

Exemplary Sequence/Uniprot Q07011 	4-1BB(SEQ ID NO:15) 

:10 	 20 	 0 	40 	50 	60 

MGNSO'NTN 	;n1,1,1XLNF4R"TRS1.oPPCSN C:OTFC'...:NN.RIFIQICSPOi?1? NS.U,;(3(A'. 

13- 	.00. - 	110- 	12.0 
. 	..‘ 	 ,,.. . 	- 	, 	 •. 	 ,.. 	... 

TCDTCRIDCKG VTRTf2.KEgSS.,TSNADCTP:PFHCI.PAGCS PICEQDCKQGQ ELTkAQI0e,', 

130 	140 	: t.0.- 	1.6o 	170 	.`1.80 
. 	. 	 ..,.. 

CFP.TFNDQKR G:-.1",.1;PW7N1CSj.DGOI:WNG:KERrlyi/Cqp S.P.k7,::,SP*S SimPPAP.A.Rt . 	•   

190 	.-g1 0. 	210 	220 	'.2:30, : 	240 .. -.. 
. 	-... 	. 

PG48P(2=2.9F'FLAI:l.kLI, FL'i*F0ThiiRF SVVXR6RK.1:(15 IlliTF* PPMR'PVQTTOFFDG: 

250 

CSCRFPEEEE GGCEL 

1-23 signs: peptide 

24-186 extracellular domain 

187-213 	transmembrane domain 

214-255 	.t.ntraceLlular domain 
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Table 5 

Exemplary sequence/Uniprot P20963 human CD3 isoform 3 	(SEQ ID NO:16) 

, - 

	

10 	 '.0' 	0. 4 	-50 . 	60 

	

- 	 _ - 	 ,.... . 	, 

MKWKLE'TAA fiatliQLi":".;'n AQSMLLDPK LCYLLDGTLV-:'0QVILTALF..1.RW08443 -' ... 	.    

:a 	
. 	 4:-)0 -aid 	120 

APOWIG&Q:LYNELNLGR7EEOVIIXAR - GRDPZMGGKP • • 	., 	. 	 . 	, 

130 	140. 	150 	160 

ORRKNPQEGL yNE:::.,QKDKistA' 

EAYSE:GMKG ERRRGKGHDG LYQGLSTATK DTYDALHMQA LPPR 

1-21 signaL pept2.de 

22-30 	extrace 	u.ar 

31-51 transmembrane 

52-164 	_LnLraceLLL:ar domain 

61-89 ITAM1 

100-128 	:TAM2 

131-159 	ITAM3 
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Table 6 Exemplary Hinge region Sequences 

Human IgG1 EPKSCDKTHTCPPCP (SEQ ID NO:17) 

Human lgG2 ERKCCVECPPCP (SEQ ID NO:18) 

Human IgG3 ELKTPLGDTHTCPRCP (EPKSCDTPPPCPRCP)3  (SEQ ID NO:19) 

Human IgG4 ESKYGPPCPSCP (SEQ ID NO:20) 

Modified Human IgG4 ESKYGPPCPPCP (SEQ ID NO:21) 

Modified Human IgG4 YGPPCPPCP (SEQ ID NO:51) 

Modified Human IgG4 KYGPPCPPCP (SEQ ID NO:52) 

Modified Human IgG4 EVVKYGPPCPPCP (SEQ ID NO:53) 
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Table 7 

Medium spacer IgG4hinge-CH3 (SEQ ID NO: 37) 

IgG4 spacer 

t,4 CGGACCGCCCTGCCCCCCTTGCCCT 

CH3 

GGCCAGCCTCGCG A GCCCCAGGTGTA CAC CCTGCCTCCCTCCCAGGA A GAGATG 

ACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGAC 

ATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCAC 

CCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTG 

GACAAGAGCCGGTGGCAGGAAGGCAACGTCTTTAGCTGCAGCGTGATGCACGAG 

GCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAG 

Long spacer IgG4hinge-CH2-CH3 (SEQ ID NO: 58) 

IgG4 spacer 

01,1CGGACCGCCCTGCCCCCCTTGCCCT 

CH2 

GCCCCCGAGTTCCTGGGCGGACCCAGCGTGTTCCTGTTCCCCCCCAAGCCCAAGG 

ACACCCTGATGATCAGCCGGACCCCCGAGGTGACCTGCGTGGTGGTGGACGTGA 

GCCAGGAAGATCCCGAGGTCCAGTTCAATTGGTACGTGGACGGCGTGGAAGTGC 

ACAACGCCAAGACCAAGCCCAGAGAGGAACAGITCAACAGCACCTACCGGGTG 

GTGTCTGTGCTGACCGTGCTGCACCAGGACTGGCTGAACGGCAAAGAATACAAG 

TGCAAGGIGTCCAACAAGGGCCTGCCCAGCAGCATCGAAAAGACCATCAGCAAG 

GCCAAG 

CH3 

GGCCAGCCTCGCGAGCCCCAGGTGTACACCCTGCCTCCCTCCCAGGAAGAGATG 

ACCAAGAACCAGGTGTCCCTGACCTGCCTGGTGAAGGGCTTCTACCCCAGCGAC 

ATCGCCGTGGAGTGGGAGAGCAACGGCCAGCCTGAGAACAACTACAAGACCAC 

CCCTCCCGTGCTGGACAGCGACGGCAGCTTCTTCCTGTACAGCCGGCTGACCGTG 

GACAAGAGCCGGTGGCAGGAAGGCAACGTCTTTAGCTGCAGCGTGATGCACGAG 

GCCCTGCACAACCACTACACCCAGAAGAGCCTGAGCCTGTCCCTGGGCAAG 
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Table 8 

Short spacer (SEQ ID NO: 21) 

Hinge Spacer 

ESKYGPPCPPCP 

Medium spacer (SEO ID NO: 59) 

Hinge Spacer 

ESKYGPPCPPCP 

CH3 

GQPREPQVYTLPPSQEEMTKNQVSL'ItLVKGFYPSDIAVEWESNGQPENNYKTTPPV 

LDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK 

Long spacer (SEQ ID NO: 60) 

Hinge Spacer 

ESKYGPPCPPCP 

CH2 

APEFI,GGPSVFI,FPPKPKDTI,MISRTPEVTIdVVVDVSQEDPEVQFNWYVDGVEVHNA 

KTKPREEQFNSTYRVVSVLTVLHQDWLNGKEY 	VSNKGLPSS1EKTISKAK 

CH3 

GQPREPQVYTLPPSQEEMTKNQVSL@VKGFYPSDIAVEWESNGQPENNYKTTPPV 

LDSDGSFFLYSRLTVDKSRWQEGNVFSSVMHEALHNHYTQKSLSLSLGK 
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WHAT IS CLAIMED IS: 
1. 	A chimeric receptor nucleic acid comprising: 

a) a polynucleotide coding for a ligand binding domain, wherein the ligand binding 

domain binds to and/or interacts with CD171; 

b) a polynucleotide coding for a polypeptide spacer of a length, wherein the spacer is 

optimized; 

c) a polynucleotide coding for a transmembrane domain; and 

d) a polynucleotide coding for an intracellular signaling domain. 

2. The chimeric receptor nucleic acid of claim 1, wherein the ligand binding domain is 

an antibody fragment. 

3. The chimeric receptor nucleic acid of claim 2, wherein the ligand binding domain is 

single chain variable fragment. 

4. The chimeric receptor nucleic acid of any one of claims 1-4, wherein the spacer is 15 

amino acids or less but not less than 1 or 2 amino acids. 

5. The chimeric receptor nucleic acid of any one of claims 1-4, wherein the spacer 

comprises an amino acid sequence of XIFPX2P. 

6. The chimeric receptor nucleic acid of claim 5, wherein the spacer region comprises a 

portion of a hinge region of a human antibody. 

7. The chimeric receptor nucleic acid of any one of claims 1 to 6, wherein the 

intracellular signaling domain comprises all of a portion of CD3 zeta in combination with a 

costimulatory domain selected from the group consisting of CD27, CD28, 4-1BB, OX-40, 

CD30, CD40, PD-1, ICOS, LFA-1, CD2, CD7, NKG2C, and B7-H3 or combinations thereof. 

8. The chimeric receptor nucleic acid of claim 7, wherein the intracellular signaling 

domain comprises a portion of CD3 zeta and a portion of 4-1BB. 

9. The chimeric receptor nucleic acid of any one of claims 1-8, further comprising a 

nucleic acid that encodes a marker sequence. 

10. A chimeric receptor polypeptide coded for by a chimeric receptor nucleic acid of any 

one of claims 1 to 9. 

11. An expression vector comprising an isolated chimeric receptor nucleic acid of any one 

of claims 1-9. 
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12. A host cell comprising an expression vector of claim 11. 

13. The host cell of claim 12, wherein the host cell is a CD8+ T cytotoxic lymphocyte cell 

selected from the group consisting of naïve CD8+ T cells, central memory CD8+ T cells, 

effector memory CD8+ T cells and bulk CD8+ T cells. 

14. The host cell of claim 13, wherein the CD8+ cytotoxic T lymphocyte cell is a central.  

memory T cell and, wherein the central memory I cell is positive for CD45RO+, CD62L+, 

and CD8+. 

15. The host cell according to claim 12, wherein the host cell is a CD4+ T helper 

lymphocyte cell selected from the group consisting of naïve CD4+ T cells, central memory 

CD4+ T cells, effector memory CD4+ T cells, and bulk CD4+ T cells. 

16. The host cell of claim 15, wherein the CD4+ helper lymphocyte cell is a naive CD4+ 

T cell and, wherein the naïve CD4+ T cell is positive for CD45RA+, CD62L+ and CD4+ 

and negative for CD45RO. 

17. A composition comprising a host cell of any one of claims 12-16 or 31-31 in a 

pharmaceutically acceptable excipient. 

18. A composition of comprising a host cell of claims 13 or 14 and a host cell of claims 

15 or 16. 

19. A method for preparing a host cell of any one of claims 12-16 or 30-31 comprising: 

a) providing a library of nucleic acids coding for a chimeric receptor of any one of claims 

1-9 or 11, wherein each of the plurality of nucleic acids code for a chimeric receptor that 

differs in length; 

b) introducing each of the plurality of the nucleic acids into a separate isolated T 

lymphocyte population and expanding each T lymphocyte population in vitro; 

c) administering each genetically modified T lymphocyte population into an animal 

model bearing a tumor and determining whether a genetically modified T lymphocyte 

population has an anti-tumor response; and 

d) selecting a nucleic acid coding for the chimeric receptor that provides for the anti-

tumor response. 

20. The method of claim 19, further comprising introducing the selected nucleic acid 

coding for the chimeric receptor into a host cell. 
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21. A method for preparing a host cell of any one of claims 12-16 or 30-31 comprising: 

a) introducing a nucleic acid of any one of claims 1-9 or an expression vector of claim 

11 into a lymphocyte population that has a CD45RA-, CD45R0+, and CD62L+ 

phenotype; and 

b) culturing the cells in the presence of anti-CD3 and/or anti CD28, and at least one 

homeostatic cytokine until the cells expand sufficiently for use as a cell infusion. 

22. The method of any one of claims 19-21, wherein the lymphocyte is CD8+ or CD4+. 

23. A use of the host cell of any one of claims 12-16 or 30-31 or the composition of 

claims 17 orl 8 in the treatment or inhibition of cancer or a solid tumor expressing CD171. 

24. The use of claim 23, wherein the cancer is a neuroblastoma. 

25. The use of claim 23, wherein the solid tumor is selected from the group consisting of 

a breast cancer, brain cancer, colon cancer, renal cancer, pancreatic cancer, and ovarian 

cancer. 

26. A method of performing cellular immunotherapy in a subject having cancer or a 

tumor comprising: administering the composition of any one of claims 17 to 18 or a host cell 

of claims 12-16 to the subject. 

27. The method of claim 26, wherein the cancer is neuroblastoma. 

28. The method of claim 26, wherein the tumor is selected from the group consisting of a 

breast cancer, brain cancer, colon cancer, renal cancer, pancreatic cancer, and ovarian cancer. 

29. The method of claim 1, wherein the spacer is optimized for increased T cell 

proliferation and/or cytokine production in response to the ligand, as compared to a reference 

chimeric receptor. 

30. The host cell of claim 12, wherein the host cell is a precursor T cell. 

31. The host cell of claim 12, wherein the host cell is a hematopoietic stem cell. 
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