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CI AR T-CELL THERAPY DIRECTED) TO LIIR FOR THE TREATMENT OF 

SOLID TUMORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 119(e) to U. S. Provisional 

Application No. 62/139,623, filed March 27, 2015, the content of which is hereby 

incorporated by reference in its entirety.  

TECHNICAL FIELD 

[0002] This disclosure relates to novel luteinizing hormone receptor (LHR) chimeric 

antigen receptor (CAR), cells or compositions comprising the same, and methods for using 

the same for therapy including solid tumors. Also provided herein are isolated peptides and 

fusion proteins containing immunogenic determinants for the luteinizing hormone receptor 

chimeric antigen receptor.  

BACKGROU N]) 

[0003] Ovarian carcinoma represents the most common cause of cancer death from 

gynecologic tumors (Siegel, R. et al (2012) CA Cancer J. Clin. 62:10-29). Approximately 

25,000 new cases and 14,000 deaths are expected to occur in the United States every year 

(Siegel, R. et al. (2012) CA Cancer J. Clin. 62:10-29). Overall survival of ovarian carcinoma 

appears to have improved in the last 30 years as median survival during the 1960s was 

approximately 12 months compared to the current 38 months. However, the 5-year survival 

for stage III ovarian cancer has not changed significantly and remains at 25%. The 

improvement in median survival can be explained in part due to the improvement in front line 

chemotherapy. The standard initial chemotherapy for patients with ovarian cancer involves a 

platinum-paclitaxel based regimen (Marcus, C.S. et al. (2014) J. Cancer 5:25-30).  

Approximately 70% of patients will achieve a clinical response to this therapy. Despite this, 

most women will relapse and eventually succumb to their disease. Therefore, in an attempt to 

decrease distant metastasis, prolong time to recurrence and improve overall survival, it is 

essential to identify novel therapy targets and develop new agents.  
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100041 Therefore, a need exists for a safe and effective treatment of ovarian and other solid 

tumor cancers, e.g., prostate cancer. This disclosure satisfies this need and provides related 

advantages as well.  

SUMMARY OF THE DISCLOSURE 

[00051 Due to the unprecedented results being recently obtained in B-cell lymphomas and 

leukemias using autologous treatment with genetically engineered chimeric antigen receptor 

(CAR) T-cells, a number of laboratories have begun to apply this approach to solid tumors 

including ovarian cancer. CAR modified T-cells combine the HILA-independent targeting 

specificity of a monoclonal antibody with the cytolytic activity, proliferation, and homing 

properties of activated T-cells, but do not respond to checkpoint suppression. Because of 

their ability to kill antigen expressing targets directly, CAR T-cells are highly toxic to any 

antigen positive cells or tissues making it a requirement to construct CARs with highly tumor 

specific antibodies. To date, CAR modified T-cells to ovarian carcinomas have been 

constructed against the a-folate receptor, mesothelin, and MUC-CD, but all of these have 

some off-target expression of antigen.  

100061 This disclosure provides a new target for the treatment of solid tumors that include, 

but are not limited to, ovarian and prostate carcinomas. The target, LHR, is highly expressed 

on the majority of these tumors but has restricted off-target positivity and therefore a 

desirable safety profile. Thus, in one aspect, the compositions are particularly useful in the 

treatment of tumors or cancerous cell that express or overexpress LIHfR.  

[0007] In one aspect, the present disclosure provides an isolated antibodies, the antibodies 

comprising a heavy chain (HC) immunoglobulin variable domain sequence and a light chain 

(LC) immunoglobulin variable domain sequence, wherein the antibody binds to an epitope of 

a luteinizing hormone receptor (LHR). In a further aspect, this disclosure provides an 

isolated anti-LI-R antibody or fragment thereof as disclosed herein and a detectable or 

purification label, alone or in combination with an LHR antigen or fragment thereof. Further 

provided herein is an ex vivo cell comprising this antigen/antibodv complex.  

[0008] Aspects of the disclosure relate to a chimeric antigen receptor (CAR) comprising: 

(a) an antigen binding domain of an LHR antibody; (b) a hinge domain; (c) a transmembrane 

domain; and (d) an intracellular domain. Further aspects of the disclosure relate to a chimeric 

-2-



WO 2016/160618 PCT/US2016/024354 

antigen receptor (CAR) comprising: (a) an antigen binding domain of a LHR antibody; (b) a 

hinge domain; (c) a CD28 transmembrane domain; (d) one or more costimulatory regions 

selected from a CD28 costimulatory signaling region, a 4- 1BB costimulatory signaling 

region, an ICOS costimulatory signaling region, and an OX40 costimulatory region; and (e) a 

CD3 zeta signaling domain and alternatives thereof 

100091 In a further aspect, the present disclosure provides a chimeric antigen receptor 

(CAR) comprising: (a) an antigen binding domain of an anti-luteinizing hormone receptor 

("LHR") antibody, (b) a CD8 ca hinge domain; (c) a CD8 a transmembrane domain; (d) a 

CD28 and/or a 4-1BB costimulatory signaling region; and (e) a CD3 zeta signaling domain 

and alternatives thereof.  

100101 In another aspect, the present disclosure provides an isolated nucleic acid sequence 

encoding the anti-LI-JR antibody, or the anti-LHR CAR.  

[0011] In another aspect, the present disclosure provides a vector comprising the isolated 

nucleic acid sequence encoding the anti-LHR antibody, or the anti-LHR CAR.  

[00121 In another aspect, the present disclosure provides a vector comprising the isolated 

nucleic acid sequence encoding the anti-LI-[R anti body, or the anti-LHR CAR.  

[0013] In another aspect, the present disclosure provides a composition comprising a carrier 

and one or more of: the anti-LHR antibody; and/or the anti-LHR CAR; and/or the isolated 

nucleic acid encoding the anti-L-HR antibody or the anti-LI-[R CAR; and/or the vector 

comprising the isolated nucleic acid sequence encoding the anti-LHR antibody, or the anti

LIR CAR; and/or an isolated cell comprising the anti-LHR CAR.  

[0014] In one aspect, the disclosure provides a composition comprising, or alternatively 

consisting essentially of, or yet further consisting of a carrier and one or more of: an antibody 

or fragment thereof, a nucleic acid encoding the antibody or fragment thereof, an isolated cell 

comprising an anti-LHR CAR; and/or the isolated nucleic acid encoding the CAR; and/or the 

vector comprising the nucleic acid encoding the CAR; and/or the isolated cell expressing an 

anti-LHR CAR; and/or the anti-LHR antibody.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIGS. IA-IC show flow cytometry profiles of (FIG. 1A) LHR on TOV21G, (FIG.  

1B) mesothelin on SKOV3, and (FIG. 1C) MUC16 on CAOV3 cell lines.  

[0016] FIGS. 2A-2C show positive immunohistochemistry staining patterns of (FIG. 2A) 

LHR antibody on a Stage 2 serous papillary adenocarcinoma; (FIG. 2B) MUC 16 antibody on 

a Stage IIIC endometrioid adenocarcinoma; and (FIG. 2C) mesothelin antibody on a Stage 

IC serous papillary adenocarcinoma.  

[0017] FIG. 3 shows the sequence used to generate LHR-Fc. Amino acid structure of LHR 

G-protein showing sequence (outlined area) used to generate a LI-R-Fec used in immunization 

and screening methods to identify potential LHR binding antibodies useful for the generation 

of LHR CARs.  

100181 FIG. 4 shows typical flow cytometry screen of LHR-Fc ELISA positive antibodies 

on the ES-2 ovarian carcinoma cell line demonstrating strong reactivity by hybridoma 8B7 

only.  

[0019] FIG. 5 shows flow cytometry of 5 candidate LHR antibody subclones with highest 

MFI values on ES-2 human ovarian carcinoma cells.  

[0020] FIG. 6 shows a schematic diagram of the DNA sequence for, and the theoretical 

structure of an anti-LHR CAR in the plasma membrane.  

[0021] FIG. 7 shows the alignments of the heavy chain and light chain sequences of LHR 

antibody subclones.  

[0022] FIGS. 8A-D shows a distribution of LIJR positive cancers(FIG. 8A); the 

distribution of LHR intensity with multiple tumor histology groups (FIG. 8B); LHR staining 

intensity in patients with ovarian, peritoneal, or fallopian tube cancer (FIG. 8C); and LHR 

staining intensity by tumor pathologic stage group (FIG. 8D).  

[0023] FIGS. 9A-D LHR expression in prostate cancer, in histology (FIG. 9A), relative 

mRNA levels in (AD) prostate cancer and castration resistant (CR) prostate cancer (FIG. 9B) 

and Western blot (FIG. 9C-D).  

[0024] FIG. 10 shows the backbone of the gene transfer vector is an HIV-based, bicistronic 

lentiviral vector, pLVX-IRES-ZsGreen containing IHIV-1 5' and 3' long terminal repeats 
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(LTRs), packaging signal (IP), EF Iu promoter, internal ribosome entry site (IRES), ZsGreen, 

a green fluorescent protein, woodchuck hepatitis virus post-transcriptional regulatory element 

(WPRE), and simian virus 40 origin (SV40). Constitutive expression of the transgene 

comprising of a scFV specific to LHR, a CD8 hinge and transmembrane region and CD28, 4

11313 and CD3 signaling domain, is insured by the presence of the EF-la promoter.  

Expression of the detection protein, ZsGreen is carried out by the IRES region. Integration of 

the vector was assayed by the presence of ZsGreen in the cells, via fluorescent microscopy.  

[0025] FIG. 11 depicts the results of the cytotoxicity assay of LHR CAR T-cells.  

Cytotoxicity of the LHR CAR expressing T-cells was determined using an LDH cytotoxicity 

kit as described in the Methods. Prior to the assay, T-cells were activated using aCD3 /CD8 

beads (Stem Cell Technologies, 30 ul to 2 ml of media). The activated T-cells were 

transduced with LHR lentiviral particles, following which the T cells were activated for using 

the caCD3/CD8 beds. Un-transduced, activated T-cells were used as a control. 3,000 SKOV3 

cells were plated per well. LI-R transduced T cells were added in ratios of 20:1, 10:1, 5:1 and 

1:1 (60,000 - 3000) to the wells. Each data point represents the average of triplicate 

measurements.  

[0026] FIG. 12 depicts mRNA expression of the LJR CAR in primary T-cells. Primary T

cells transduced with the LHR CAR show expression of the LHR mRNA. Primers used 

spanned the area between the CD8 hinge and the 4-1BB signaling domain (300 bp) 

DETAILED DESCRIPTION 

[0027] It is to be understood that the present disclosure is not limited to particular aspects 

described, as such may, of course, vary. It is also to be understood that the terminology used 

herein is for the purpose of describing particular aspects only, and is not intended to be 

limiting, since the scope of the present disclosure will be limited only by the appended 

claims.  

[0028] Unless defined otherwise, all technical and scientific terms used herein have the 

same meanings as commonly understood by one of ordinary skill in the art to which this 

technology belongs. Although any methods and materials similar or equivalent to those 

described herein can be used in the practice or testing of the present technology, the preferred 

methods, devices and materials are now described. All technical and patent publications
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cited herein are incorporated herein by reference in their entirety. Nothing herein is to be 

construed as an admission that the present technology is not entitled to antedate such 

disclosure by virtue of prior invention.  

[00291 The practice of the present technology will employ, unless otherwise indicated, 

conventional techniques of tissue culture, immunology, molecular biology, microbiology, cell 

biology, and recombinant DNA, which are within the skill of the art. See, e.g., Sambrook and 

Russell eds. (2001) Alolecular Cloning: A Laboratory Manual, 3 rd edition; the series 

Ausubel et al. eds. (2007) Current Protocols in Molecular Biology; the series Methods in 

Enzymology (Academic Press, Inc., N.Y.); MacPherson et al. (1991) PCR 1: A Practical 

Approach (IRL Press at Oxford University Press); MacPherson et al. (1995) PCI? 2: A 

Practical Approach; Harlow and Lane ed s. (1999) Antibodies, A Laboratory Manual; 

Fresh ney (200 5) Culture of Animal Cells: A Manual of Basic Technique, 5th edition; Gait ed.  

(1984) Oligonucleotide Synthesis; U.S. Patent No. 4,683,195; Hames and Higgins eds.  

(1984) Nucleic Acid Iybridization; Anderson (1 999) Nucleic Acid Ilybridizatlion; Hames and 

Higgins eds. (1984) Transcription and Translation; Immobilized Cells and Enzymes (IRL 

Press (1986)); Perbal (1984) A Practical Guide to Molecular Cloning; Miller and Calos eds.  

(1987) Gene Transfer Vectorsfor Mammalian Cells (Cold Spring Harbor Laboratory); 

Makrides ed. (2003) Gene Transfer andlExpression in Mammalian Cells; Mayer and Walker 

eds. (1987) Immunochemical Methods in Cell and Molecular Biology (Academic Press, 

London); and Herzenberg et i. eds (1996) Weir 's H1andbook offExperimental Inmunology.  

[0030] All numerical designations, e.g., pH, temperature, time, concentration, and 

molecular weight, including ranges, are approximations which are varied (+ ) or ( - ) by 

increments of 1.0 or 0.1, as appropriate, or alternatively by a variation of +/- 15 %, or 

alternatively 10%, or alternatively 5%, or alternatively 2%. It is to be understood, although 

not always explicitly stated, that all numerical designations are preceded by the term "about".  

It also is to be understood, although not always explicitly stated, that the reagents described 

herein are merely exemplary and that equivalents of such are known in the art.  

[00311 It is to be inferred without explicit recitation and unless otherwise intended, that 

when the present technology relates to a polypeptide, protein, polynucleotide or antibody, an 

equivalent or a biologically equivalent of such is intended within the scope of the present 

technology.  
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Definitions 

[0032] As used in the specification and claims, the singular form "a", "an", and "the" 

include plural references unless the context clearly dictates otherwise. For example, the term 

"a cell" includes a plurality of cells, including mixtures thereof.  

[00331 As used herein, the term "animal" refers to living multi-cellular vertebrate 

organisms, a category that includes, for example, mammals and birds. The term "mammal" 

includes both human and non-human mammals.  

[0034] The terms "subject," "host," "individual," and "patient" are as used interchangeably 

herein to refer to human and veterinary subjects, for example, humans, animals, non-human 

primates, dogs, cats, sheep, mice, horses, and cows. In some embodiments, the subject is a 

human.  

100351 As used herein, the term "antibody" collectively refers to immunoglobulins or 

immunoglobulin-like molecules including by way of example and without limitation, IgA, 

fgD, IgE, fgG and IgM, combinations thereof, and similar molecules produced during an 

immune response in any vertebrate, for example, in mammals such as humans, goats, rabbits 

and mice, as well as non-mammalian species, such as shark immunoglobulins. Unless 

specifically noted otherwise, the term "antibody" includes intact immunoglobulins and 

"antibody fragments" or "antigen binding fragments" that specifically bind to a molecule of 

interest (or a group of highly similar molecules of interest) to the substantial exclusion of 

binding to other molecules (for example, antibodies and antibody fragments that have a 

binding constant for the molecule of interest that is at least 103 M- greater, at least 10' M4 

greater or at least 105 M-' greater than a binding constant for other molecules in a biological 

sample). The term "antibody" also includes genetically engineered forms such as chimeric 

antibodies (for example, humanized murine antibodies), heteroconjugate antibodies (such as, 

bispecific antibodies). See also, Pierce Catalog and Handbook, 1994-1995 (Pierce Chemical 

Co., Rockford, Ill.); Kuby, J., Immunology, 3 rd Ed., W.H. Freeman & Co., New York, 1997.  

[00361 In terms of antibody structure, an immunoglobulin has heavy (H) chains and light 

(L) chains interconnected by disulfide bonds. There are two types of light chain, lambda (k) 

and kappa (K). There are five main heavy chain classes (or isotypes) which determine the 

functional activity of an antibody molecule: IgM, IgD, IgG, IgA and IgE. Each heavy and 
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light chain contains a constant region and a variable region, (the regions are also known as 

"domains"). In combination, the heavy and the light chain variable regions specifically bind 

the antigen. Light and heavy chain variable regions contain a "framework" region interrupted 

by three hypervariable regions, also called "complement'arity-determining regions" or 

"CDRs". The extent of the framework region and (DR s have been defined (see, Kabat et al., 

Sequences ofProteins of 1mmtunologica JIterest, U.S. Department of Health and Human 

Services, 1991, which is hereby incorporated by reference). The Kabat database is now 

maintained online. The sequences of the framework regions of different light or heavy chains 

are relatively conserved within a species. The framework region of an antibody, that is the 

combined framework regions of the constituent light and heavy chains, largely adopts a f3

sheet conformation and the CDRs form loops which connect, and in some cases form part of, 

the p-sheet structure. Thus, framework regions act to form a scaffold that provides for 

positioning the CDRs in correct orientation by inter-chain, non-covalent interactions.  

[0037] The CDRs are primarily responsible for binding to an epitope of an antigen. The 

CDRs of each chain are typically referred to as CDR1, CDR2, and CDR3, numbered 

sequentially starting from the N-terminus, and are also typically identified by the chain in 

which the particular CDR is located. Thus, a VH CDR3 is located in the variable domain of 

the heavy chain of the antibody in which it is found, whereas a V. CDRI is the CDR1 from 

the variable domain of the light chain of the antibody in which it is found. An antibody that 

binds LHR will have a specific VH region and the VL region sequence, and thus specific CDR 

sequences. Antibodies with different specificities (i.e. different combining sites for different 

antigens) have different CDRs. Although it is the CDRs that vary from antibody to antibody, 

only a limited number of amino acid positions within the CDRs are directly involved in 

antigen binding. These positions within the CDRs are called specificity determining residues 

(SDRs).  

[0038] As used herein, the term "antigen" refers to a compound, composition, or substance 

that may be specifically bound by the products of specific humoral or cellular immunity, such 

as an antibody molecule or T-cell receptor. Antigens can be any type of molecule including, 

for example, haptens, simple intermediary metabolites, sugars (e.g, oligosaccharides), lipids, 

and hormones as well as macromolecules such as complex carbohydrates (e.g., 

polysaccharides), phospholipids, and proteins. Common categories of antigens include, but 
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are not limited to, viral antigens, bacterial antigens, fungal antigens, protozoa and other 

parasitic antigens, tumor antigens, antigens involved in autoimmune disease, allergy and graft 

rejection, toxins, and other miscellaneous antigens.  

[00391 As used herein, the term "antigen binding domain" refers to any protein or 

polypeptide domain that can specifically bind to an antigen target.  

[0040] The term "chimeric antigen receptor" (CAR), as used herein, refers to a fused 

protein comprising an extracellular domain capable of binding to an antigen, a 

transmembrane domain derived from a polypeptide different from a polypeptide from which 

the extracellular domain is derived, and at least one intracellular domain. The "chimeric 

antigen receptor (CAR)" is sometimes called a "chimeric receptor", a "T-body", or a 

"chimeric immune receptor (CIR)." The "extracellular domain capable of binding to an 

antigen" means any oligopeptide or polypeptide that can bind to a certain antigen. The 

"intracellular domain" means any oligopeptide or polypeptide known to function as a domain 

that transmits a signal to cause activation or inhibition of a biological process in a cell. The 

"transmembrane domain" means any oligopeptide or polypeptide known to span the cell 

membrane and that can function to link the extracellular and signaling domains. A chimeric 

antigen receptor may optionally comprise a "hinge domain" which serves as a linker between 

the extracellular and transmembrane domains. Non-limiting exemplary polynucleotide 

sequences that encode for components of each domain are disclosed herein, e.g.: 

Hinge domain: IgGI heavy chain hinge sequence, SEQ. ID NO: 66: 

CITCGAGCCCI (AAATC TTGTGACAAAAC TCAC AC ATGCC CACCG(ITGCC CG 

Transmembrane domain: CD28 transmembran region SEQ. ID NO: 67: 

TTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAA 

C AGTGGCCT TTA TTA TTTTCTGGGTG 

fntracellular domain: 4-11313 co-stimulatory signaling region, SEQ [D NO: 68: 

AAACGGGGCAGAAAGAAACTCC TGTATATATTC AAACAACC ATTTATGAGACCA 

GTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAA 

GAAGGAGGATGTGAAC TG 

Intracellular domain: CD28 co-stimulatory signaling region, SEQ. ID NO: 69: 
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AGGAGTAAGAGGAGCAGGC TCCTGCACAGTGACTAC ATGACATGACATGACTCCCC CGC 

CGCCCCGGGCCCACCCGCAAGCATTACCAGCCCTATGCCCCACCACGCGACTTCG 

CAGCCTATCGCTCC 

Intracellular domain: CD3 zeta signaling region, SEQ. ID NO: 70: 

AGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAA 

CCAGCTCTATAACGhAICTCAATCTAIGACGIAAGAGAGGAhTACGATGTTTTGGA 

CAAGAGAC GTGGCCGGGACCCTGAGATGGGGGGAAAGCCGAGAAGGAAGAACC 

CTC AG(iAAG(i C CTGTAC AAIG&AACT(GC AGAAAGATAA(iAT(iGC(iGAG(hGCC1AC A 

GTGAGATTGGGATGAAAGGC GAGCGCCGGAGGGGCAAGGGGC AC GATlGGC CTTT 

ACCAGGGTCTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGG 

CC CTGCC CCCICGCTAA 

[0041] Further embodiments of each exemplary domain component include other proteins 

that have analogous biological function that share at least 70%, or alternatively at least 80% 

amino acid sequence identity, preferably 90% sequence identity, more preferably at least 95% 

sequence identity with the proteins encoded by the above disclosed nucleic acid sequences.  

Further, non-limiting examples of such domains are provided herein.  

100421 A "composition" typically intends a combination of the active agent, e.g, compound 

or composition, and a naturally-occurring or non-naturally-occurring carrier, inert (for 

example, a detectable agent or label) or active, such as an adjuvant, diluent, binder, stabilizer, 

buffers, salts, lipophilic solvents, preservative, adjuvant or the like and include 

pharmaceutically acceptable carriers. Carriers also include pharmaceutical excipients and 

additives proteins, peptides, amino acids, lipids, and carbohydrates (e.g., sugars, including 

monosaccharides, di-, tri-, tetra-oligosaccharides, and oligosaccharides; derivatized sugars 

such as alditols, aldonic acids, esterified sugars and the like; and polysaccharides or sugar 

polymers), which can be present singly or in combination, comprising alone or in 

combination 1-99.99% by weight or volume. Exemplary protein recipients include serum 

albumin such as human serum albumin (IISA), recombinant human albumin (rHA), gelatin, 

casein, and the like. Representative amino acid/antibody components, which can also 

function in a buffering capacity, include alanine, arginine, glycine, arginine, betaine, 

histidine, glutamic acid, aspartic acid, cysteine, lysine, leucine, isoleucine, valine, 
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methionine, phenylalanine, aspartame, and the like. Carbohydrate excipients are also 

intended within the scope of this technology, examples of which include but are not limited to 

monosaccharides such as fructose, maltose, galactose, glucose, D-mannose, sorbose, and the 

like; disaccharides, such as lactose, sucrose, trehalose, cellobiose, and the like; 

polysaccharides, such as raffinose, melezitose, maltodextrins, dextrans, starches, and the like; 

and alditols, such as mannitol, xylitol, maltitol, lactitol, xylitol sorbitol (glucitol) and 

myoinositol.  

[0043] The term "consensus sequence" as used herein refers to an amino acid or nucleic 

acid sequence that is determined by aligning a series of multiple sequences and that defines 

an idealized sequence that represents the predominant choice of amino acid or base at each 

corresponding position of the multiple sequences. Depending on the sequences of the series 

of multiple sequences, the consensus sequence for the series can differ from each of the 

sequences by zero, one, a few, or more substitutions. Also, depending on the sequences of the 

series of multiple sequences, more than one consensus sequence may be determined for the 

series. The generation of consensus sequences has been subjected to intensive mathematical 

analysis. Various software programs can be used to determine a consensus sequence.  

[0044] As used herein, the term "luteinizing hormone receptor" (LHR) refers to a specific 

molecule associated with this name and any other molecules that have analogous biological 

function that share at least 70%, or alternatively at least 80% amino acid sequence identity, 

preferable 90% sequence identity, more preferably at least 95% sequence identity with the 

LHR sequence as shown herein. The protein sequences associated with GenBank Accession 

Nos. AAB 19917.2 (Hoino sapiens), or AAA3943 2.1 (Mus musculus), or AAA41529.1 

(Rattus norvegicus) provide additional example sequences of LHR. Non-limiting examples 

of usch include: 

[0045] Luteinizing hormone receptor [Homo sapiens], SEQ. H) NO: 53: 

MIKQRFSALQLLKLLLLLQPPLPRALREALCPEPCNCVPDGALRCPGPTAGLTRLSLA 

YLPNVKVIP SQ AFRGLNI VIKII ISQ IDSLERIEANAFDNLLNL SE.ILIQN TKNLRYIEPGA 

FINLPRLKYLSICNTGIRKFPDVTKVFSSE SNF ILEICDNLHITTIPGNAFQGMNNESVTL 

K-LYGNGFEEVQ SHAFNGTTLT SLELKENVHLEKMHNGAFRGATGPK TIDISSTKLQA 

LP SY GLESIQRLIAT SSYSLKKLP SRETF VNLLEATL-TYPSHCCAFRNLPTKEQNFSHSI 

SENF SKQCESTVRK\VNNKTLYSSML AESEL SGWDYEYGFCLPKTPR-CAPEPDAFNPC 
-11-
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EDIGYD FLR VLIWkLINJILAIMGiNM T'VLF VLLT 'SRYKLT VPRFLMC NLSFADFCMGL 

YLI ,AS VDSQTKGQYYN-IlA DWQTGSGC STAGFT VFASEL ;SVYTL-TV ITL-ERWHITI 

T YAIHLDQKLRLIAILIMLGiGWLF SSLIAMLPL VGVSN YMVKVSICFPMD VETTIL SQV 

YILTTL-Il-NVVAF FIIC XCYTKIY7FA V'-R-NP ELMATNKDTKIAKKMA ILIFTDFTCMXPISF 

F 'AlS AAFK VPL I TN'VTN S KVLI-VLFY]3INSCIAN PF L[-YA IlFIKlf-QRJ)1 FF L LL I-S KFGC C(-KRR 

AELYRRKDF SAYTSNCK -N--GFTGS NKPSQSTLKL STLHCQGTALLDKTRYTEC 

[00461 Luteinizing hormone receptor L[fus musculus], SEQ. M NO: .54: 

N4GRRVP3ALRtQLLVLAMLVLKQ SQLJ-IPELSGSR CP)EPCDC APDGALRCPGPilRAGLA 

RLSLTYLPV\,KVIPSQAFRGLNIEVVM-IEJSQSD SLERIIEA-NAFDNI LL -LSE IQNTKN. LL 

YIIE ,PG-AFT[NLPRL-.KYl S](I C NT] R'.LPDVS KISS 5FF NF 'IL I C [',)NLYrITIPGiNAFOG,):MN 

-NSITLKLYGNGFEEVQ SHAFNGTTLISLELKENIYLEKMI-SGTFQGATGPSID VS ST 

KL1-QALP 3S H GiLESIQTLI-..AT SS YS LKTFL PS RJE-'KfT IS L L-VAT'lTIYP SI-IC C-AFRNLIPK KE1,QN 

F SFS ]YENF SKQCE ST VREANNET1LYSAIFEENEL SGWD YDYDFC SPKT-LQCTfPEP)DAF 

GL YLLLIAS VDSQTIKGQY YNH-AIDWQTIGSGC SAAGiFFT'V:FA SELSV YTlLT1VJTlLERWvk 

HITITYAVQLDQKL-Rl-RH-AIPTML-GGWIF STL-MATLPl-VGVS SYMK VSICL-PMDyE STl

SQVYILSILNAVAF7VVI(I'AC-YVR IYFAV(ONPELT-IAP3N KDIK IAKKMAIlLfII)] FTC-NI

APISFFAISAAFKVPTLITVTNSKVLL~V-LFXiTVNSCkNPFLYAVFTTKA-FQRDFFLLLSRF 

GCC(K, IRAEL LYRRKE F S ACTF'INS KN Gf 'PRS SKP SQAAL-K L ,S IVI--ICQQPT1PPRVL'IIQ 

100471 Luteinizing hormone receptor [Rattus norvegicus], SEQ. ID NO: 55: 

MGRRVPALRQLLV LAV-LLLKPSQLQSREL SGSRCPEPCDCAPDGALRCPGPRAGLAR 

LSLT, YlP VK VIP SQAf-(F GLN LV VKIE IS Q SD S1.E RIF ANA V DNLINL S I LLIQNTKNLLY 

IEPGAFTNLPRLKYLSICNTGIIRTLPDVTKIS SSEF-N-FILEJCDNLITTIPG-.N,-AFQGM~-NN-,

LQALP SHGLE SIQTILIAL SS YSLKTFLP SKEKFT FSLL VAT1LTlY1] SIC CAFRtNLPKKEQNE 

SFSIFENF SKQCE STVRK ADNETLYS AJFEENELSGWDYDYGFC SPKTLQCAPEPDAF 

NP)CEDIMGYA-FLRVLIWLJN [LAJFGNL T'VLF VLL T'SlYKLT 'VPRFLNICNLSF ADFCM 

GLYlLL~fIASVD SQTKGQYYNI-IAHFDWQTGSGCGAA GFFTTA SELSVYTLTVJTLERW 

I-IT IT-iYA VQ L-I)QKLR. LR.H-AIP [MLGGF~WLF 7ST1IAXT NP [AVG I SNYM IKVSI(-i-.PNIl) VE ST-.

SQVYILSILILNVVAFVVICACYIIYiFAVQ1NPELTAP-NKDTKIAKKMAIIFTDFTCMA 

-I')-
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IISFFAISAAFKVPLITV TNSKILLVLFYPVNSCANPFLYAIF TKAFQRDFLLLLSRFGCC 

KRR-AELYRRKEFSAYTSNCKNGFPGASKPSQATLKL ST VHCQQPIPPRAL TH 

[0048] As used herein, the term "CD8 a hinge domain" refers to a specific protein 

fragment associated with this name and any other molecules that have analogous biological 

function that share at least 700, or alternatively at least 80% amino acid sequence identity, 

preferably 900 sequence identity, more preferably at least 95% sequence identity with the 

CD8 a hinge domain sequence as shown herein. The example sequences of CD8 a, hinge 

domain for human, mouse, and other species are provided in Pinto, R.D. et al. (2006) Vet.  

Immunol. Immunopathol. 110: 169-177. Non-limiting examples of such include: 

[0049] Human CD8 alpha hinge domain, SEQ. ID NO:56: 

PAKPTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA VHTRGLD FACDIY 

[0050] Mouse CD8 alpha hinge domain, SEQ. ID NO: 57: 

KVNSTTTK-PVLR.TPSPVI-IPTGTSQPQRPEDCRPRGSVKGTGLDFACDIY 

[0051] Cat CID8 alpha hinge domain, SEQ ID NO: 58: 

PVKPTTTPAPRPPTQAPITTSQRVSLRPGTCQPSAGSTVEASGLDLSCDIY 

[0052] As used herein, the term "CD8 a transmembrane domain" refers to a specific 

protein fragment associated with this name and any other molecules that have analogous 

biological function that share at least 70%, or alternatively at least 80% amino acid sequence 

identity, preferably 9 0 % sequence identity, more preferably at least 95%0 sequence identity 

with the CD8 a transmembrane domain sequence as shown herein. The fragment sequences 

associated with the amino acid positions 183 to 203 of the human T-cell surface glycoprotein 

CD8 alpha chain (NCBI Reference Sequence: NP_001759.3), or the amino acid positions 197 

to 21 7 of the mouse T-cell surface glycoprotein CD8 alpha chain (NCBI Reference 

Sequence: NP 001074579.1), and the amino acid positions 190 to 210 of the rat T-cell surface 

glycoprotein CD8 alpha chain(NCBI Reference Sequence: NP 113726.1) provide additional 

example sequences of the CD8 a transmembrane domain. The sequences associated with 

each of the listed NCBI are provided as follows: 

[0053] Hluman CD8 alpha transmembrane domain, SEQ. ID NO: 59: 

IYIWAPLA GTCGVLLLSLVIT 
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100541 Mouse CD8 alpha transmembrane domain, SEQ. ID NO: 60: 

IWAPLAGICVALLLSLIITLI 

[0055] Rat CD8 alpha transmembrane domain, SEQ. ID NO: 61: 

IWAPLAGICAVLLLSLVITLI 

[00561 As used herein, the term "CD28 transmembrane domain" refers to a specific 

protein fragment associated with this name and any other molecules that have analogous 

biological function that share at least 70%, or alternatively at least 80%"o amino acid sequence 

identity, at least 90% sequence identity, or alternatively at least 95% sequence identity with 

the CD28 transmembrane domain sequence as shown herein. The fragment sequences 

associated with the GenBank Accession Nos: XM 006712862.2 and XM 009444056.1 

provide additional, non-limiting, example sequences of the CD28 transmembrane domain.  

The sequences associated with each of the listed accession numbers are provided as follows 

the sequence encoded by SEQ ID NO: 69.  

[0057] As used herein, the term "4-IBB costimulatory signaling region" refers to a 

specific protein fragment associated with this name and any other molecules that have 

analogous biological function that share at least 70%, or alternatively at least 80% amino acid 

sequence identity, preferably 90% sequence identity, more preferably at least 95% sequence 

identity with the 4-I1313 costimulatory signaling region sequence as shown herein. The 

example sequence of the 4-iBB costimulatory signaling region is provided in U.S. App.  

No. US 13/826,258. The sequence of the 4-113B costimulatory signaling region 

associated disclosed in the U.S. App. No. US 13/826,258 is listed as follows: 

[0058] The 4-iBB costimulatory signaling region, SEQ. ID NO: 62: 

KRGRK KLLYIFKQPFM RPVQTTQEED[GC SC RFPE EEEGGCEL 

[0059] As used herein, the term "CD28 costimulatory signaling region" refers to a specific 

protein fragment associated with this name and any other molecules that have analogous 

biological function that share at least 70%, or alternatively at least 80% amino acid sequence 

identity, preferably 90% sequence identity, more preferably at least 95%/0 sequence identity 

with the CD28 costimulatory signaling region sequence shown herein. Exemplary CD28 

costimulatory signaling domains are provided in U.S. Pat. No. 5,686,281; Geiger, T. L. et al., 

Blood 98: 2364-2371 (2001); Hombach, A. et al., J Immunol 167: 6123-6131 (2001); Maher, 
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J. et al. Nat Biotechnol 20: 70-75 (2002); Haynes, N. M. et al., J Immunol 169: 5780-5786 

(2002);-, Haynes, N. M. et al., Blood 100: 3155-3163 (2002). Non-limiting examples include 

residues 114-220 of the below CD28 Sequence: MLRLLLALNL FPSIQVTGNK 

ILVKQSPMLV AYDNAVNLSC KYSYNLFSRE FRASLHK.GLDSAVEVCVVYG 

NYSQQLQVYS K TGFNCJDGK L GNE SVTFYLQ NLYVNQT)IY 

FCKIEVMYPPPYLDNEKSNG TIIHVKGKHL CPSPLFPGPS KPFWVLVVVG 

GVLACYSLLVTVAFIIFWVR SKRSRLLH SD YMNMTPRRPG PTRKI-YQPYA 

PPRDFAAYRS (SEQ ID NO: 64), and equivalents thereof.  

[00601 As used herein, the term "ICOS costimulatory signaling region" refers to a 

specific protein fragment associated with this name and any other molecules that have 

analogous biological function that share at least 70%, or alternatively at least 80% amino acid 

sequence identity, preferably 90% sequence identity, more preferably at least 95% sequence 

identity with the ICOS costimulatory signaling region sequence as shown herein. Non

limiting example sequences of the ICOS costimulatory signaling region are provided in 

U.S. Publication 2015/0017141A1 the exemplary polynucleotide sequence provided below.  

ICOS costimulatory signaling region, SEQ ID N11O:71: 

ACAAAAAAGA AGTATTCATC CAGTGTGCAC GACCCTAACG GTGAATACAT 

GTTCATGAGA GCAGTGAACA CAGCCAAAAA ATC CAGAC TC ACAGATGTGA 

CCCTA 

[0061] As used herein, the term "OX40 costimulatory signaling region" refers to a 

specific protein fragment associated with this name and any other molecules that have 

analogous biological function that share at least 70%, or alternatively at least 80% amino acid 

sequence identity, or alternativley 90% sequence identity, or alternatively at least 95% 

sequence identity with the OX40 costimulatory signaling region sequence as shown herein.  

Non-limiting example sequences of the OX40 costimulatory signaling region are disclosed 

in U.S. Publication 20 12/20148552A1, and include the exemplary sequence provided 

below.  

OX40 costimulatory signaling region, SEQ ID NO:&72: 
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AGGGACCAG AGGC TGCCCC CCGATGCCCA CAAGCCCCCT GGGGGAGGCA 

GTTTCCGGAC CCCCATCCAA GAGGAGCAGG CCGACGCCCA CTCCACCCTG 

GCCAAGATC 

[00621 As used herein, the term "CD3 zeta signaling domain" refers to a specific protein 

fragment associated with this name and any other molecules that have analogous biological 

function that share at least 70%, or alternatively at least 80% amino acid sequence identity, 

preferably 90% sequence identity, more preferably at least 95% sequence identity with the 

CD3 zeta signaling domain sequence as shown herein. The example sequences of the CD3 

zeta signaling domain are provided in U.S. App. No. US 13/826,258. The sequence 

associated with the CD3 zeta signaling domain is listed as follows: 

100631 The CD3 zeta signaling domain, SEQ. ID NO: 63: 

RVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ 

EIGLYNELQKDKMAELAY SEIGMKGERRRGKGHDGLYQGLST A TKDTY DA LIMQ AL P 

PR 

[0064] As used herein, the term "B cell," refers to a type of lymphocyte in the hum oral 

immunity of the adaptive immune system. B cells principally function to make antibodies, 

serve as antigen presenting cells, release cytokines, and develop memory B cells after 

activation by antigen interaction. B cells are distinguished from other lymphocytes, such as T 

cells, by the presence of a B-cell receptor on the cell surface. B cells may either be isolated or 

obtained from a commercially available source. Non-limiting examples of commercially 

available B cell lines include lines AHH-1 (ATCC@ CRL-8146TM), BC-I (ATCC@ CRL

2230TM), BC-2 (ATCC@ CRL-223I TM). BC-3 (ATCC@ CRL-2277TM), CA46 (ATCC@' 

CRL-1648 Tm), DG-75 [D.G.-75] (ATCC® CRL-2625TM ), DS-1 (ATCC@ CRL- 11102TM), 

EB-3 [EB3] (ATCC@ CCL-85 TM), Z-138 (ATCC #CRL-3001), DB (ATCC CRL-2289), 

Toledo (ATCC CRL-2631), Pfiffer (ATCC CRL-2632), SR (ATCC CRL-2262), J:M-1 

(ATCC CRL-10421), NFS-5 C-I (ATCC CRL-1693); NFS-70 C10 (ATCC CRL-1694), 

NFS-25 C-3 (ATCC CRL-1695), AND SUP-B 15 (ATCC CRL-1929). Further examples 

include but are not limited to cell lines derived from anaplastic and large cell lymphomas, 

e.g., DEL, DL-40, FE-PD, JB6, Karpas 299, Ki-JK, Mac-2A Ply1, SR-786, SU-DHL-1, -2. 

4,-5,-6,-7,-8,-9,-10, and -16, DOHH-2, NU -DHL-1, U-937, Granda 519, USC-DHL-1, RL; 

Hodgkin's lymphomas, e.g., DEV, ID-70, HDLM-2, -TD-MyZ, H1KB-1, KM-H2, L 428, L 
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540, L1236, SBH-1, SUP-HD1, SU/RI--HD-l. Non-limiting exemplary sources for such 

commercially available cell lines include the American Type Culture Collection, or ATCC., 

(www.atcc.org/) and the German Collection of Microorganisms and Cell Cultures 

(https://w ww. dsmz. de/).  

[0065] As used herein, the tern "T cell," refers to a type of lymphocyte that matures in the 

thymus. T cells play an important role in cell-mediated immunity and are distinguished from 

other lymphocytes, such as B cells, by the presence of a T-cell receptor on the cell surface.  

T-cells may either be isolated or obtained from a commercially available source. '"T cell" 

includes all types of immune cells expressing CD3 including T-helper cells (CD4+ cells), 

cytotoxic T-cells (CD8+ cells), natural killer T-cells, T-regulatory cells (Treg) and gamma

delta T cells. A "cytotoxic cell" includes CD8+ T cells, natural-killer (NK) cells, and 

neutrophils, which cells are capable of mediating cytotoxicity responses. Non-limiting 

examples of commercially available T-cell lines include lines BCL2 (AAA) Jurkat (ATCC@ 

CRL-2902TM), BCL2 (S70A) Jurkat (ATCC@ CRL-2900TM), BCL2 (S87A) Jurkat (ATCC@ 

CRL-2901TM), BCL2 Jurkat (ATCC@ CRL-2899TM ), Neo Jurkat (ATCC@ CRL-2898' M ), 

TALL-104 cytotoxic human T cell line (ATCC #t CRL-1 1386). Further examples include 

but are not limited to mature T-cell lines, e.g., such as Deglis, EBT-8, HPB- MLp-W, HUT 

78, HUT 102, Karpas 384, Ki 225, My-La, Se-Ax, SKW-3, SMZ-I and T34; and immature 

T- cell lines, e.g., ALL-SIL, Bel 3, CCRF-CIM, CML-Ti, DND-41, DU.528, EU-9, HD

Mar, HPB-ALL, H-SB2, HT-1, JK-T1, Jurkat, Karpas 45, KE-37, KOPT-K1, K-T1, L-KAW, 

Loucy, MAT, MOLT-i, MOLT 3, MOLT-4, MOLT 13, MOLT-16, MT-1, MT-ALL., 

P12/Ichikawa, Peer, PERO 117, PER-255, PF-382, PFI-285, RPMI-8402, ST-4, SUP-TI to 

T14, TALL-i, TALL-101, TALL-103/2, TALL-104, TALL-105, TALL-106, TALL-107, 

TALL-197, TK-6, TLBR-i, -2, -3, and -4, CCRF-HSB-2 (CCL-120.1), J.RT3-T3.5 (ATCC 

TIB-153), J45.01 (ATCC CRL-1990), J.CaM1.6 (ATCC CRL-2063), RS4;11 (ATCC CRL

1873), CCRF-CEM (ATCC CRM-CCL-i 19); and cutaneous T-cell lymphoma lines, e.g., 

HuT78 (ATCC CRM-TIB-161), MJ[GI1] (ATCC CRL-8294), HuT102 (ATCC TIB-162).  

Null leukemia cell lines, including but not limited to REH, NALL-], KM-3, L92-221, are a, 

another commercially available source of immune cells, as are cell lines derived from other 

leukemias and lyimphomas, such as K562 erythroleukemia, THP-I monocytic leukemia, 

U937 lymphoma, HEL eiythroleukemia, HL60 leukemia, HIC-1 leukemia, KG-i leukemia, 
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U266 myeloma. Non-limiting exemplary sources for such commercially available cell lines 

include the American Type Culture Collection, or ATCC, (http://ww1vw.atcc.org/) and the 

German Collection of Microorganisms and Cell Cultures (https://wvww. dsmz.de/).  

[00661 As used herein, the term "NK cell," also known as natural killer cell, refers to a type 

of lymphocyte that originates in the bone marrow and play a critical role in the innate 

immune system. NK cells provide rapid immune responses against viral-infected cells, 

tumor cells or other stressed cell, even in the absence of antibodies and major 

histocompatibility complex on the cell surfaces. NK cells may either be isolated or obtained 

from a commercially available source. Non-limiting examples of commercial NK cell lines 

include lines NK-92 (ATCC@ CRL-2407T'm), NK-92MI (ATCC@ CRL-2408T
M). Further 

examples include but are not limited to NK lines HANKI, KHYG-1, NKL, NK-YS, NOI-90, 

and YT. Non-limiting exemplary sources for such commercially available cell lines include 

the American Type Culture Collection, or ATCC, (http://www.atcc.org/) and the German 

Collection of Microorganisms and Cell Cultures (https://www .dsmz.de/).  

[0067] As used herein, the terms nucleicc acid sequence" and "polynucleotide" are used 

interchangeably to refer to a polymeric form of nucleotides of any length, either 

ribonucleotides or deoxyribonucleotides. Thus, this term includes, but is not limited to, 

single-, double-, or multi-stranded DNA or RNA, genomic DNA, cDNA, DNA-RNA 

hybrids, or a polymer comprising purine and pyrimidine bases or other natural, 

chemically or biochemically modified, non-natural, or derivatized nucleotide bases.  

100681 The term "encode" as it is applied to nucleic acid sequences refers to a 

polynucleotide which is said to "encode" a polypeptide if, in its native state or when 

manipulated by methods well known to those skilled in the art, can be transcribed and/or 

translated to produce the mRNA for the polypeptide and/or a fragment thereof. The 

antisense strand is the complement of such a nucleic acid, and the encoding sequence can 

be deduced therefrom.  

[0069] As used herein, the term "vector" refers to a nucleic acid construct deigned for 

transfer between different hosts, including but not limited to a plasmid, a virus, a cosmid, a 

phage, a BAC, a YAC, etc. In some embodiments, plasmid vectors may be prepared from 

commercially available vectors. In other embodiments, viral vectors may be produced from 
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baculoviruses, retroviruses, adenoviruses, AAVs, etc. according to techniques known in the 

art. In one embodiment, the viral vector is a lentiviral vector.  

[00701 The term "promoter" as used herein refers to any sequence that regulates the 

expression of a coding sequence, such as a gene. Promoters may be constitutive, 

inducible, repressible, or tissue-specific, for example. A "promoter" is a control 

sequence that is a region of a polynucleotide sequence at which initiation and rate of 

transcription are controlled. It may contain genetic elements at which regulatory proteins 

and molecules may bind such as RNA polymerase and other transcription factors.  

[0071] As used herein, the term "isolated cell" generally refers to a cell that is substantially 

separated from other cells of a tissue. "Immune cells" includes, e.g., white blood cells 

(leukocytes) which are derived from hematopoietic stem cells (HSC) produced in the bone 

marrow, lymphocytes (T cells, B cells, natural killer (NK) cells) and myeloid-derived cells 

(neutrophil, eosinophil, basophil, monocyte, macrophage, dendritic cells). "T cell" includes 

all types of immune cells expressing CD3 including T-helper cells (CD4+ cells), cytotoxic T

cells (CD8+ cells), natural killer T-cells, T-regulatory cells (Treg) and gamma-delta T cells.  

A "cytotoxic cell" includes CD8+ T cells, natural-killer (NK) cells, and neutrophils, which 

cells are capable of mediating cytotoxicity responses.  

[0072] The term "transduce" or "transduction" as it is applied to the production of chimeric 

antigen receptor cells refers to the process whereby a foreign nucleotide sequence is 

introduced into a cell. In some embodiments, this transduction is done via a vector.  

[0073] As used herein, the tenn "autologous," in reference to cells refers to cells that are 

isolated and infused back into the same subject (recipient or host). "Allogeneic" refers to 

non-autologous cells.  

[0074] An " effective amount" or "efficacious amount" refers to the amount of an agent, or 

combined amounts of two or more agents, that, when administered for the treatment of a 

mammal or other subject, is sufficient to effect such treatment for the disease. The "effective 

amount" will vary depending on the agent(s), the disease and its severity and the age, weight, 

etc., of the subject to be treated.  

[0075] A "solid tumor" is an abnormal mass of tissue that usually does not contain cysts or 

liquid areas. Solid tumors can be benign or malignant. Different types of solid tumors are 
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named for the type of cells that form them. Examples of solid tumors include sarcomas, 

carcinomas, and iynphomas.  

[0076] The term "ovarian cancer"' refers to a type of cancer that forms in issues of the 

ovary, and has undergone a malignant transformation that makes the cells within the cancer 

pathological to the host organism with the ability to invade or spread to other parts of the 

body. The ovarian cancer herein comprises type I cancers of low histological grade and type 

II cancer of higher histological grade. Particularly, the ovarian cancer includes but is not 

limited to epithelial carcinoma, serous carcinoma, clear-cell carcinoma, sex cord stromal 

tumor, germ cell tumor, dysgeninoma, mixed tumors, secondary ovarian cancer, low 

malignant potential tumors.  

100771 The term "prostate cancer" refers to a type of cancer that develops in the prostate, a 

gland in the male reproductive system. The prostate cancer herein includes but is not limited 

to adenocarcinoma, sarcomas, small cell carcinomas, neuroendocrine tumors, transitional cell 

carcinomas.  

[0078] As used herein, the term "comprising" is intended to mean that the compositions and 

methods include the recited elements, but do not exclude others. "Consisting essentially of' 

when used to define compositions and methods, shall mean excluding other elements of any 

essential significance to the combination for the intended use. For example, a composition 

consisting essentially of the elements as defined herein would not exclude trace contaminants 

from the isolation and purification method and pharmaceutically acceptable carriers, such as 

phosphate buffered saline, preservatives and the like. "Consisting of" shall mean excluding 

more than trace elements of other ingredients and substantial method steps for administering 

the compositions disclosed herein. Aspects defined by each of these transition terms are 

within the scope of the present disclosure.  

[0079] As used herein, the term "detectable marker" refers to at least one marker capable of 

directly or indirectly, producing a detectable signal. A non-exhaustive list of this marker 

includes enzymnes which produce a detectable signal, for example by colorimetry, 

fluorescence, luminescence, such as horseradish peroxidase, alkaline phosphatase, p
galactosidase, glucose-6-phosphate dehydrogenase, chromophores such as fluorescent, 

luminescent dyes, groups with electron density detected by electron microscopy or by their 
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electrical property such as conductivity, amperometry, voltammetry, impedance, detectable 

groups, for example whose molecules are of sufficient size to induce detectable modifications 

in their physical and/or chemical properties, such detection may be accomplished by optical 

methods such as diffraction, surface plasmon resonance. surface variation , the contact angle 

change or physical methods such as atomic force spectroscopy, tunnel effect, or radioactive 

molecules such as 32 P, 3 S or 125 

[0080] As used herein, the term "purification marker" refers to at least one marker useful 

for purification or identification. A non-exhaustive list of this marker includes His, lacZ, 

GST, maltose-binding protein, NusA, BCCP, c-myc, CaM, FLAG, GFP, YFP, cherry, 

thioredoxin, poly(NANP), V5, Snap, IA, chitin-binding protein, Softag 1, Softag 3, 

Strep, or S-protein. Suitable direct or indirect fluorescence marker comprise FLAG, GFP, 

YFP, RFP, dTomato, cherry, Cy3, Cy 5, Cy 5.5, Cy 7, DNP, AMCA, Biotin, Digoxigenin, 

Tamra, Texas Red, rhodamine, Alexa fluors, FITC, TRITC or any other fluorescent dye or 

hapten.  

[0081] As used herein, the term "expression" refers to the process by which 

polynucleotides are transcribed into mRNA and/or the process by which the transcribed 

mRNA is subsequently being translated into peptides, polypeptides, or proteins. If the 

polynucleotide is derived from genomic DNA, expression may include splicing of the mRNA 

in a eukaryotic cell. The expression level of a gene may be determined by measuring the 

amount of mRNA or protein in a cell or tissue sample. In one aspect, the expression level of 

a gene from one sample may be directly compared to the expression level of that gene from a 

control or reference sample. In another aspect, the expression level of a gene from one 

sample may be directly compared to the expression level of that gene from the same sample 

following administration of a compound.  

[0082] As used herein, "homology" or "identical", percent "identity" or "similarity", when 

used in the context of two or more nucleic acids or polypeptide sequences, refers to two or 

more sequences or subsequences that are the same or have a specified percentage of 

nucleotides or amino acid residues that are the same, e.g., at least 60% identity, preferably at 

least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 

or higher identity over a specified region (e.g., nucleotide sequence encoding an antibody 

described herein or amino acid sequence of an antibody described herein). Homology can be 
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determined by comparing a position in each sequence which may be aligned for purposes of 

comparison. When a position in the compared sequence is occupied by the same base or 

amino acid, then the molecules are homologous at that position. A degree of homology 

between sequences is a function of the number of matching or homologous positions shared 

by the sequences. The alignment and the percent homology or sequence identity can be 

determined using software programs known in the art, for example those described in Current 

Protocols in Molecular Biology (Ausubel et al., eds. 1987) Supplement 30, section 7.7.18, 

Table 7.7. 1. Preferably, default parameters are used for alignment. A preferred alignment 

program is BLAST, using default parameters. In particular, preferred programs are BLASTN 

and BLASTP, using the following default parameters: Genetic code = standard; filter = none; 

strand = both; cutoff:= 60; expect = 10; Matrix = BLOSUM62; Descriptions = 50 sequences; 

sort by = HIGH SCORE; Databases = non-redundant, GenBank + EMBL + DDBJ + PDB + 

GenBank CDS translations + SwissProtein + SPupdate + PIR. Details of these programs can 

be found at the following Internet address: ncbi.nilm.nih.gov/cgi-bin/B LAST. The terms 

"homology" or "identical", percent "identity" or "similarity" also refer to, or can be applied 

to, the complement of a test sequence. The terms also include sequences that have deletions 

and/or additions, as well as those that have substitutions. As described herein, the preferred 

algorithms can account for gaps and the like. Preferably, identity exists over a region that is 

at least about 25 amino acids or nucleotides in length, or more preferably over a region that is 

at least 50-100 amino acids or nucleotides in length. An "unrelated" or "non-homologous" 

sequence shares less than 40% identity, or alternatively less than 25% identity, with one of 

the sequences disclosed herein.  

[0083] The phrase "first line" or "second line" or "third line" refers to the order of 

treatment received by a patient. First line therapy regimens are treatments given first, 

whereas second or third line therapy are given after the first line therapy or after the second 

line therapy, respectively. The National Cancer Institute defines first line therapy as "the first 

treatment for a disease or condition. In patients with cancer, primary treatment can be 

surgery, chemotherapy, radiation therapy, or a combination of these therapies. First line 

therapy is also referred to those skilled in the art as "primary therapy and primary treatment." 

See National Cancer Institute website at www.cancer.gov, last visited on May 1, 2008.  

Typically, a patient is given a subsequent chemotherapy regimen because the patient did not
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show a positive clinical or sub-clinical response to the first line therapy or the first line 

therapy has stopped.  

[0084] In one aspect, the term "equivalent" or "biological equivalent" of an antibody means 

the ability of the antibody to selectively bind its epitope protein or fragment thereof as 

measured by ELISA or other suitable methods. Biologically equivalent antibodies include, 

but are not limited to, those antibodies, peptides, antibody fragments, antibody variant, 

antibody derivative and antibody mimetics that bind to the same epitope as the reference 

antibody.  

[0085] It is to be inferred without explicit recitation and unless otherwise intended, that 

when the present disclosure relates to a polypeptide, protein, polynucleotide or antibody, an 

equivalent or a biologically equivalent of such is intended within the scope of this disclosure.  

As used herein, the term "biological equivalent thereof' is intended to be synonymous with 

"equivalent thereof' when referring to a reference protein, antibody, polypeptide or nucleic 

acid, intends those having minimal homology while still maintaining desired structure or 

functionality. Unless specifically recited herein, it is contemplated that any polynucleotide, 

polypeptide or protein mentioned herein also includes equivalents thereof For example, an 

equivalent intends at least about 70% homology or identity, or at least 80 % homology or 

identity and alternatively, or at least about 85 %, or alternatively at least about 90 %, or 

alternatively at least about 95 %. or alternatively 98 % percent homology or identity and 

exhibits substantially equivalent biological activity to the reference protein, polypeptide or 

nucleic acid. Alternatively, when referring to polynucleotides, an equivalent thereof is a 

polynucleotide that hybridizes under stringent conditions to the reference polynucleotide or 

its complement.  

[0086] A polynucleotide or polynucleotide region (or a polypeptide or polypeptide region) 

having a certain percentage (for example, 80%, 85%, 90%, or 95%) of "sequence identity" to 

another sequence means that, when aligned, that percentage of bases (or amino acids) are the 

same in comparing the two sequences. The alignment and the percent homology or sequence 

identity can be determined using software programs known in the art, for example those 

described in Current Protocols in Molecular Biology (Ausubel et al., eds. 1987) Supplement 

30, section 7.7.18, Table 7.7.1. Preferably, default parameters are used for alignment. A 

preferred alignment program is BLAST, using default parameters. In particular, preferred 
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programs are BLASTN and BLASTP, using the following default parameters: Genetic code = 

standard; filter = none; strand = both: cutoff = 60; expect:= 10; Matrix = BLOSUM62; 

Descriptions = 50 sequences; sort by = HIGH SCORE; Databases = non-redundant, GenBank 

+ EMBL + DDBJ + PDB + GenBank CDS translations + SwissProtein + SPupdate + PIR.  

Details of these programs can be found at the following Internet address: 

ncbi.nlm.nih.gov/cgi-bin/BLAST.  

[0087] "Hybridization" refers to a reaction in which one or more polynucleotides react to 

form a complex that is stabilized via hydrogen bonding between the bases of the nucleotide 

residues. The hydrogen bonding may occur by Watson-Crick base pairing, Hoogstein 

binding, or in any other sequence-specific manner. The complex may comprise two strands 

forming a duplex structure, three or more strands forming a multi-stranded complex, a single 

self-hybridizing strand, or any combination of these. A hybridization reaction may constitute 

a step in a more extensive process, such as the initiation of a PCR reaction, or the enzymatic 

cleavage of a polynucleotide by a ribozyme.  

[0088] Examples of stringent hybridization conditions include: incubation temperatures of 

about 25'C to about 37cC; hybridization buffer concentrations of about 6x SSC to about 10x 

SSC; formamide concentrations of about 0% to about 25%; and wash solutions from about 4x 

SSC to about 8x SSC. Examples of moderate hybridization conditions include: incubation 

temperatures of about 40'C to about 50'C; buffer concentrations of about 9x SSC to about 2x 

SSC; formamide concentrations of about 30% to about 50%; and wash solutions of about 5x 

SSC to about 2x SSC. Examples of high stringency conditions include: incubation 

temperatures of about 55'C to about 68'C; buffer concentrations of about 1x SSC to about 

0.1x SSC; formamide concentrations of about 55% to about 75%; and wash solutions of 

about Ix SSC, 0.1x SSC, or deionized water. In general, hybridization incubation times are 

from 5 minutes to 24 hours, with 1, 2, or more washing steps, and wash incubation times are 

about 1, 2, or 15 minutes. SSC is 0.15 M NaCl and 15 mM citrate buffer. It is understood that 

equivalents of SSC using other buffer systems can be employed.  

[00891 A "normal cell corresponding to the tumor tissue type" refers to a normal cell from a 

same tissue type as the tumor tissue. A non-limiting example is a normal lung cell from a 

patient having lung tumor, or a normal colon cell from a patient having colon tumor.  
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100901 The term "isolated" as used herein refers to molecules or biologicals or cellular 

materials being substantially free from other materials. In one aspect, the term "isolated" 

refers to nucleic acid, such as DNA or RNA, or protein or polypeptide (e.g., an antibody or 

derivative thereof). or cell or cellular organelle, or tissue or organ, separated from other 

DNAs or RNAs, or proteins or polypeptides, or cells or cellular organelles, or tissues or 

organs, respectively, that are present in the natural source. The term "isolated" also refers to 

a nucleic acid or peptide that is substantially free of cellular material, viral material, or 

culture medium when produced by recombinant DNA techniques, or chemical precursors or 

other chemicals when chemically synthesized. Moreover, an "isolated nucleic acid" is meant 

to include nucleic acid fragments which are not naturally occurring as fragments and would 

not be found in the natural state. The term "isolated" is also used herein to refer to 

polypeptides which are isolated from other cellular proteins and is meant to encompass both 

purified and recombinant polypeptides. The term "isolated" is also used herein to refer to 

cells or tissues that are isolated from other cells or tissues and is meant to encompass both 

cultured and engineered cells or tissues.  

[0091] As used herein, the term "monoclonal antibody" refers to an antibody produced by a 

single clone of B-lymphocytes or by a cell into which the light and heavy chain genes of a 

single antibody have been transfected. Monoclonal antibodies are produced by methods 

known to those of skill in the art, for instance by making hybrid antibody-forming cells from 

a fusion of myeloma cells with immune spleen cells. Monoclonal antibodies include 

humanized monoclonal antibodies.  

[0092] The term "protein", "peptide" and polypeptidee" are used interchangeably and in 

their broadest sense to refer to a compound of two or more subunit amino acids, amino acid 

analogs or peptidomimetics. The subunits may be linked by peptide bonds. In another 

aspect, the subunit may be linked by other bonds, e.g., ester, ether, etc. A protein or peptide 

must contain at least two amino acids and no limitation is placed on the maximum number of 

amino acids which may comprise a protein's or peptide's sequence. As used herein the term 

"amino acid" refers to either natural and/or unnatural or synthetic amino acids, including 

glycine and both the D and L optical isomers, amino acid analogs and peptidomimetics.  

100931 The terms "polynucleotide" and "oligonucleotide" are used interchangeably and 

refer to a polymeric forn of nucleotides of any length, either deoxyribonucleotides or 
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ribonucleotides or analogs thereof. Polynucleotides can have any three-dimensional structure 

and may perform any function, known or unknown. The following are non-limiting 

examples of polynucleotides: a gene or gene fragment (for example, a probe, primer, EST or 

SAGE tag), exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, RNAi, 

ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides, plasmids, 

vectors, isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes 

and primers. A polynucleotide can comprise modified nucleotides, such as methylated 

nucleotides and nucleotide analogs. If present, modifications to the nucleotide structure can 

be imparted before or after assembly of the polynucleotide. The sequence of nucleotides can 

be interrupted by non-nucleotide components. A polynucleotide can be further modified after 

polymerization, such as by conjugation with a labeling component. The term also refers to 

both double- and single-stranded molecules. Unless otherwise specified or required, any 

aspect of this technology that is a polynucleotide encompasses both the double-stranded form 

and each of two complementary single-stranded forms known or predicted to make up the 

double-stranded form.  

[0094] As used herein, the term "purified" does not require absolute purity; rather, it is 

intended as a relative term. Thus, for example, a purified nucleic acid, peptide, protein, 

biological complexes or other active compound is one that is isolated in whole or in part from 

proteins or other contaminants. Generally, substantially purified peptides, proteins, 

biological complexes, or other active compounds for use within the disclosure comprise more 

than 80% of all macromolecular species present in a preparation prior to admixture or 

formulation of the peptide, protein, biological complex or other active compound with a 

pharmaceutical carrier, excipient, buffer, absorption enhancing agent, stabilizer, preservative, 

adjuvant or other co-ingredient in a complete pharmaceutical formulation for therapeutic 

administration. More typically, the peptide, protein, biological complex or other active 

compound is purified to represent greater than 90%, often greater than 95% of all 

macromolecular species present in a purified preparation prior to admixture with other 

formulation ingredients. In other cases, the purified preparation may be essentially 

homogeneous, wherein other macromolecular species are not detectable by conventional 

techniques.  
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100951 As used herein, the term "specific binding" means the contact between an antibody 

and an antigen with a binding affinity of at least 10-6 M. In certain aspects, antibodies bind 

with affinities of at least about 10 M, and preferably 10_' M, 10-' M, 10 M, 10- M, or 

--I, 10 M.  

[0096] As used herein, the term "recombinant protein" refers to a polypeptide which is 

produced by recombinant DNA techniques, wherein generally, DNA encoding the 

polypeptide is inserted into a suitable expression vector which is in turn used to transform a 

host cell to produce the heterologous protein.  

[0097] As used herein, "treating" or "treatment" of a disease in a subject refers to (1) 

preventing the symptoms or disease from occurring in a subject that is predisposed or does 

not yet display symptoms of the disease; (2) inhibiting the disease or arresting its 

development; or (3) ameliorating or causing regression of the disease or the symptoms of the 

disease. As understood in the art, "treatment" is an approach for obtaining beneficial or 

desired results, including clinical results. For the purposes of the present technology, 

beneficial or desired results can include one or more, but are not limited to, alleviation or 

amelioration of one or more symptoms, diminishment of extent of a condition (including a 

disease), stabilized (i.e., not worsening) state of a condition (including disease), delay or 

slowing of condition (including disease), progression, amelioration or palliation of the 

condition (including disease), states and remission (whether partial or total), whether 

detectable or undetectable.  

100981 As used herein, the term "overexpress" with respect to a cell, a tissue, or an organ 

expresses a protein to an amount that is greater than the amount that is produced in a control 

cell, a control issue, or an organ. A protein that is overexpressed may be endogenous 

to the host cell or exogenous to the host cell.  

[0099] As used herein the term "linker sequence" relates to any amino acid sequence 

comprising from I to 10, or alternatively, 8 amino acids, or alternatively 6 amino acids, or 

alternatively 5 amino acids that may be repeated from I to 10, or alternatively to about 8, or 

alternatively to about 6, or alternatively about 5, or 4 or alternatively 3, or alternatively 2 

times. For example, the linker may comprise up to 15 amino acid residues consisting of a 
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pentapeptide repeated three times. In one aspect, the linker sequence is a (Glycine4Serine)3 

flexible polypeptide linked comprising three copies of gly-gly-gly-gly-ser.  

[0100] As used herein, the term "enhancer", as used herein, denotes sequence elements that 

augment, improve or ameliorate transcription of a nucleic acid sequence irrespective of its 

location and orientation in relation to the nucleic acid sequence to be expressed.  

An enhancer may enhance transcription from a single promoter or simultaneously from more 

than one promoter. As long as this functionality of improving transcription is retained or 

substantially retained (e.g., at least 70%, at least 80%, at least 90% or at least 95% of wild

type activity, that is, activity of a full-length sequence), any truncated, mutated or otherwise 

modified variants of a wild-type enhancer sequence are also within the above definition.  

101011 As used herein, the term "WPRE" or "Woodchuck Hepatitis Virus (WHP) Post

transcriptional Regulatory Element" refers to a specific nucleotide fragment associated with 

this name and any other molecules that have analogous biological function that share at least 

70%, or alternatively at least 80% amino acid sequence identity, preferably 90% sequence 

identity, more preferably at least 95% sequence identity with the WPRE sequence as shown 

herein. For example, WPRE refers to a region similar to the human hepatitis B virus 

posttranscriptional regulatory element (HBVPRE) present in the Woodchuck hepatitis virus 

genomic sequence (GenBank Accession No. J04514), and that the 592 nucleotides from 

position 1093 to 1684 of this genomic sequence correspond to the post-transcriptional 

regulatory region (Journal of Virology, Vol. 72, p.5085-5092, 1998). The analysis using 

retroviral vectors revealed that WPRE inserted into the 3-terminal untranslated region of a 

gene of interest increases the amount of protein produced by 5 to 8 folds. It has also been 

reported that the introduction of WPRE suppresses mRNA degradation (Journal of Virology, 

Vol. 73, p.2886-2892, 1999). In a broad sense, elements such as WPRE that increase the 

efficiency of amino acid translation by stabilizing mRNAs are also thought to be enhancers.  

List of Abbreviations 

CAR: chimeric antigen receptor 

-iLA: histocompatibility lymphocyte antigen 

Ip: intraperitoneal 
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IIES: internal ribosomal entry site 

LHR: leuteinizing hormone receptor 

MFI: mean fluorescence intensity 

M1: multiplicity of infection 

PBMC: peripheral blood mononuclear cells 

PBS: phosphate buffered saline 

scFv: single chain variable fragment 

WPRE: woodchuck hepatitis virus post-transcriptional regulatory element 

[0102] The sequences associated with each of the above listed GenBank Accession Nos., 

UniProt Reference Nos., and references are herein incorporated by reference.  

MODES FOR CARRYING OUT THE DISCLOSURE 

[0103] CAR T-cells are genetically engineered autologous T-cells in which single chain 

antibody fragments (scFv) or ligands are attached to the T-cell signaling domain capable of 

facilitating T-cell activation (Maher, J. (2012) ISRN Oncol. 2012:278093; Curran, K.J. et al.  

(2012) J. Gene Med. 14:405-415; Fedorov, V.D. et al. (2014) Cancer J. 20:160-165; Barrett, 

D.M. et al. (2014) Annu. Rev. Med. 65:333-347). CARs combine HLA-independent targeting 

specificity of a monoclonal antibody with the cytolytic activity and homing properties of 

activated T-cells. These properties enable the recognition of target cells with reduced HLA 

expression or down-regulated antigen processing pathways, two common methods tumors 

employ to evade the host immune response (Jakobsen, M.K. et al. (1995) J. Immunother.  

Emphasis Tumor Immunol. 17:222-228; Lou, Y. et al. (2008) Clin. Cancer Res. 14:1494

1501; Singh, R. et al. (2007) Cancer Res. 67:1887-1892). CAR-modified T-cells have shown 

great promise in preclinical and clinical settings as novel therapeutics in various diseases 

including ovarian carcinomas (Chu, C.S. et al. (2008) Expert Rev. Anticancer Ther. 8:243

257; Chekmasova, A.A. et al. (2010) Discov. Med. 9:62-70; Porter, D.L. et al. (2011) NEJM 

365:725-733). To date, CAR T-cells generated against mnesothelin (Kelly, R.J. et al. (2012) 

Mol. Cancer Ther. 11:517-525; Beatty, G.L. et al. (2014) Cancer Immunol. Res. 2:112-120) 

are currently in clinical trial at the National Cancer Institute (protocol ID: 120 111; 

NCT01 583686), the University of Pennsylvania (just enrolling patients), and in Chia (4 
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patients completed). These studies are very preliminary and except for the a-folate receptor 

(Kandalaft, LE. et al. (2012) J. Transl. Med. 10:157-167) and MUC16 (Chekmasova., A.A. et 

al. (2010) Clin. Cancer Res. 16:3594-606; Rao, T.D. et al. (2010) Appl. Immunohistochem.  

Mol. Morphology 18:462-472). no other targets to our knowledge are currently under 

development for the treatment of ovarian cancer.  

101041 As described in more detail below, the inventors have demonstrated that LHR is a 

potent target for CAR T-cell therapy. As shown below in Table I and FIG. 1, flow 

cytometric studies utilizing 9 well established human ovarian cell lines showed LHR to be an 

excellent target compared to mesothelin and MUC 16, which were only positive on half or 

less of the cell lines tested. These targets were also tested on a multi-block slide of human 

ovarian cancers by immunohistochemistry as shown in Table 2. Consistent with the flow 

cytometric results, LH-R positivity was more consistently seen than mesothelin and MUC16 

positivity by these methods regardless of the stage or grade of tumor tested. As shown in 

FIG. 2, the immunohistochemical staining patterns were somewhat different with each 

antibody. Both the MUC 16 and mesothelin antibodies tended to stain the luminal surfaces of 

tumor nodules and did not stain the cell surface of all cells especially those more on the 

periphery of tumor nodules. By contrast, the LHR antibody stained both the cytoplasm and 

cell surface and tended to stain all the cells of the tumor nodules. Finally, the off-target 

staining of each antibody was tested on multi-tissue arrays of normal tissues. The results of 

these studies shown in Table 3 below and show that all three targets have limited reactivity 

on normal tissues.  

[0105] Consistent with these principles and discoveries, this disclosure provides the 

following embodiments.  

Antibodies and Uses Thereof 

. Compositions 

[0106] The general structure of antibodies is known in the art and will only be briefly 

summarized here. An immunoglobulin monomer comprises two heavy chains and two light 

chains connected by disulfide bonds. Each heavy chain is paired with one of the light chains 

to which it is directly bound via a disulfide bond. Each heavy chain comprises a constant 

region (which varies depending on the isotype of the antibody) and a variable region. The 

-30-



WO 2016/160618 PCT/US2016/024354 

variable region comprises three hypervariable regions (or complementarity determining 

regions) which are designated CDR1I, CDRI-12 and CDRH3 and which are supported within 

framework regions. Each light chain comprises a constant region and a variable region, with 

the variable region comprising three hypervariable regions (designated CDRLI, CDRL2 and 

CDRL3) supported by framework regions in an analogous manner to the variable region of 

the heavy chain.  

[0107] The hypervariable regions of each pair of heavy and light chains mutually cooperate 

to provide an antigen binding site that is capable of binding a target antigen. The binding 

specificity of a pair of heavy and light chains is defined by the sequence of CDR1, CDR2 and 

CDR3 of the heavy and light chains. Thus once a set of CDR sequences (i.e. the sequence of 

CDRI, CDR2 and CDR3 for the heavy and light chains) is determined which gives rise to a 

particular binding specificity, the set of CDR sequences can, in principle, be inserted into the 

appropriate positions within any other antibody framework regions linked with any antibody 

constant regions in order to provide a different antibody with the same antigen binding 

specificity.  

[0108] In one embodiment, the disclosure provides an isolated antibody comprising a heavy 

chain (HC) immunoglobulin variable domain sequence and a light chain (LC) 

immunoglobulin variable domain sequence, wherein the antibody binds to an epitope of a 

luteinizing hormone receptor (LI-IR).  

[0109] In one aspect, the [IC of the antibody comprises or alternatively consists essentially 

of, or yet further consists of one or more of a CDR I comprising the amino acid sequence of 

GYSITSGYG (SEQ ID NO: 16) or an equivalent of each thereof; and/or a CDR2 comprising 

the amino acid sequence of IHYSGST (SEQ ID NO.: 19) or an equivalent of each thereof; 

and/or a CDR3 comprising the amino acid sequence of AR-SLRY (SEQ ID NO.: 22) or an 

equivalent of each thereof; and/or the LC comprises the antibody of comprises or 

alternatively consists essentially of, or yet further consists of a CDR1 comprising the amino 

acid sequence of SSVNY (SEQ ID NO.25) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of DTS (SEQ ID NO:28) or an equivalent of each 

thereof; and/or a CDR3 comprising the amino acid sequence of HQWSSYPYT (SEQ ID 

NO:3 1) or an equivalent of each thereof.  
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101101 In one aspect, the antibody comprises a HC that comprises, or alternatively consists 

essentially of, or yet further consists of a one or more of: a CDR1 comprising the amino acid 

sequence of GFSLTTYG (SEQ ID NO.: 17) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IWGDGST (SEQ TD NO.: 20) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ ID 

NO.: 23) or an equivalent of each thereof; and/or the LC of the antibody comprises, or 

alternatively consists essentially of, or yet further consists of a CDRi comprising the amino 

acid sequence of QSLLNSGNQKNY (SEQ ID NO.:26) or an equivalent of each thereof; 

and/or a CDR2 comprising the amino acid sequence of WAS (SEQ ID NO:29) or an 

equivalent of each thereof; and/or a CDR3 comprising the amino acid sequence of 

QNDYSYPLT (SEQ ID NO:32) or an equivalent of each thereof 

[0111] In another aspect, the HC of the antibody comprises, or alternatively consists 

essentially of, or yet further consists of one or more of: a CDRI comprising the amino acid 

sequence of GYSFTGYY (SEQ ID NO.: 18) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IYPYNGVS (SEQ ID NO.: 21) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of ARERGLYQLRAMDY 

(SEQ I) NO.: 24) or an equivalent of each thereof; and/or the LC of the antibody comprises, 

or alternativelv consists essentially of, or yet further consists of a CDR1 comprising the 

amino acid sequence of QSISNN (SEQ I) NO.:27) or an equivalent of each thereof; and/or a 

CDR2 comprising the amino acid sequence of NAS (SEQ ID NO:30) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of QQSNSWPYT (SEQ ID 

NO:33) or an equivalent of each thereof.  

[01121 In one aspect, the disclosure provides an isolated anti-LHR antibody which is 

generated against a LIR fragment.  

[0113] In one embodiment, the LHR fragment is part of LHR G protein with the following 

amino acid sequence (SEQ ID NO: 42): 

REALCP EPCNCVPDGALRCPG(IiPTAGLTRL SLAYL PVKVI PSQA FRGL NEV IKIE ISQII)S 

LERIEANAFDNLLNLSEILIQNTK.  

[01141 In another embodiment, the LHR fragment is the N-terminal of LHR protein with 

the following amino acid sequence (SEQ ID NO: 43):
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RALREALCPEPCNC VPDGALRCPGPTAGL TRLSLAYLPVKV[PSQAFRGLNEV]KIEIS 

QIDSLERIEANAFDNLLNLSEILIQNTKNLRYIEPGAFINLPRLKYLSICNTGIRKFPDVT 

KVFSSESNFILEICDNLHIIT T]PGNAFQGM NNESV TLKLYGNGFEEVQ SHAF NGT TL TS 

LELKENVHLEKMHNGAFRGATGPK TLDISSTK-LQALPSYGLESIQRLIA TSSYSLK-KL 

PSRE TFVN LLEATL T YPS.  

101151 In another embodiment, the antibody is a monoclonal antibody comprising an anti

LIR heavy chain variable region comprising, or alternatively consisting essentially of or yet 

further consisting of a polypeptide selected from SEQ ID NOs.:1-4 or an equivalent of each 

thereof, and an anti-LHR light chain variable region comprising, or alternatively consisting 

essentially of, or yet further consisting of a polypeptide selected from SEQ ID NOs.:5-8 or an 

equivalent of each thereof.  

[0116] In another aspect, the antibody is a chimeric antibody or a humanized antibody.  

[0117] In another aspect, the heavy chain variable region comprises, or alternatively 

consists essentially of, or yet further consists of a polypeptide with a consensus sequence 

selected from SEQ ID NOs: 9-11, and an anti-LHR light chain variable region comprises, or 

alternatively consists essentially of, or yet further consists of a polypeptide with a consensus 

sequence selected from SEQ ID NOs.: 12-15.  

[0118] In another aspect, the disclosure provides an isolated nucleic acid encoding the 

isolated anti-LHR antibody. In further embodiment, the isolated nucleic acid comprising, or 

alternatively consisting essentially of, or yet further consisting of a nucleic acid sequence 

selected from SEQ ID NOs.:16-23 of an equivalent of each therefore.  

101191 In one aspect, the HC of the antibody comprises or alternatively consists essentially 

of, or yet further consists of one or more of. a CDR1 comprising the amino acid sequence of 

GYSITSGYG (SEQ ID NO.: 16) or an equivalent of each thereof; and/or a CDR2 comprising 

the amino acid sequence of IHYSGST (SEQ ID NO.: 19) or an equivalent of each thereof; 

and/or a. CDR3 comprising the amino acid sequence of ARSLRY (SEQ ID NO.: 22) or an 

equivalent of each thereof, followed by an additional 50 amino acids, or alternatively about 

40 amino acids, or alternatively about 30 amino acids, or alternatively about 20 amino acids, 

or alternatively about 10 amino acids, or alternatively about 5 amino acids, or alternatively 

about 4, or 3, or 2 or I amino acids at the carboxy-terminus.  
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101201 In some embodiments, the light chain variable regions of the antibodies comprises 

or alternatively consists essentially of, or yet further consists of one or more of: a CDR] 

comprising the amino acid sequence of SSVNY (SEQ 1ID NO.:25) or an equivalent of each 

thereof; and/or a CDR2 comprising the amino acid sequence of DTS (SEQ ID NO:28) or an 

equivalent of each thereof; and/or a CDR3 comprising the amino acid sequence of 

HQWSSYPYT (SEQ ID NO:3 1) or an equivalent of each thereof, followed by an additional 

50 amino acids, or alternatively about 40 amino acids, or alternatively about 30 amino acids, 

or alternatively about 20 amino acids, or alternatively about 10 amino acids, or alternatively 

about 5 amino acids, or alternatively about 4, or 3. or 2 or I amino acids at the carboxy

terminus.  

[0121] In one aspect, the HC of the antibody comprises, or alternatively consists essentially 

of, or yet further consists of one or more of a CDR 1 comprising the amino acid sequence of 

GFSLTTYG (SEQ ID NO.: 17) or an equivalent of each thereof; and/or a CDR2 comprising 

the amino acid sequence of IWGDGST (SEQ ID NO.: 20) or an equivalent of each thereof; 

and/or a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ ID NO.: 23) or 

an equivalent of each thereof; and/or the LC of the antibody comprises, or alternatively 

consists essentially of, or yet further consists of a CDR1 comprising the amino acid sequence 

of QSLLNSGNQKNY (SEQ ID NO.:26) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of WAS (SEQ D NO:29) or an equivalent of each 

thereof and/or a CDR3 comprising the amino acid sequence of QNDYSYPLT (SEQ ID 

NO:32) or an equivalent of each thereof, followed by an additional 50 amino acids, or 

alternatively about 40 amino acids, or alternatively about 30 amino acids, or alternatively 

about 20 amino acids, or alternatively about 10 amino acids, or alternatively about 5 amino 

acids, or alternatively about 4, or 3, or 2 or I amino acids at the carboxy-terminus.  

101221 In another aspect, the HC of the antibody comprises, or alternatively consists 

essentially of, or yet further consists of one or more of: a CDR1 comprising the amino acid 

sequence of GYSFTGYY (SEQ ID NO.: 18) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IYPYNGVS (SEQ ID NO.: 21) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of ARERGLYQLRAMDY 

(SEQ ID NO.: 24) or an equivalent of each thereof; and/or the LC of the antibody comprises, 

or alternatively consists essentially of, or yet further consists of a CDR1 comprising the 
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amino acid sequence of QSISNN (SEQ ID NO.:27) or an equivalent of each thereof; and/or a 

CDR_2 comprising the amino acid sequence of NAS (SEQ ID NO:30) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of QQSNSWPYT (SEQ ID 

NO:33) or an equivalent of each thereof.  

[0123] In one aspect, the disclosure provides an isolated anti-LI- antibody which is 

generated against a LHR fragment.  

[0124] In one embodiment, the LHR fragment against which the antibody is raised is part 

of LHR protein with the following amino acid sequence (SEQ ID NO: 42): 

REALCPEPCNC VPDGALRCPGPTAGLTRLSLAYLPVKVIPSQAFRGLNEVIKIEISQIDS 

LERIEANAFDNLLNL SEILIQNTK.  

[0125] In another embodiment, the LIHR fragment is the N-terminal of LHIR protein with 

the following amino acid sequence (SEQ ID NO: 43): 

RALREALCPEPCNCV'PDGALRCPGPTAGLTRLSLAYLP VKVIPSQAFRGLNEVIKIEIS 

QID SLE RIEANAFDNLL NLSEILIQ NTK NLRYIEPGAF INLPRLKYL S IC N TGIRKFPDVT 

KVFSSESNFILEICDNLHITTIPGNAFQGMNrNESVTLKLYGNGFEEVQSHAFNGTTLTS 

LELKENVHLEK MHNGAFRGATGPK TLDIS STKLQALPSYGLES IQRLIATS SYSLKKL 

) SRETF VNLLEATLTYP S.  

[0126] In another embodiment, the antibody is a monoclonal antibody comprising an anti

LJR heavy chain variable region comprising, or alternatively consisting essentially of, or yet 

further consisting of a polypeptide selected from SEQ ID NOs.:1-4 or an equivalent of each 

thereof.  

[0127] In another embodiment, the antibody is a monoclonal antibody comprising an anti

LHR light chain variable region comprising, or alternatively consisting essentially of, or yet 

further consisting of a polypeptide selected from SEQ ID NOs.:5-8 or an equivalent of each 

thereof.  

[01281 In another aspect, the anti-LHR antibody is a chimeric antibody, human or a 

humanized antibody.  

101291 In another aspect, the heavy chain variable region comprises, or alternatively 

consists essentially of, or yet further consists of a polypeptide with a consensus sequence 
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selected from SEQ ID NOs: 9-11, and an anti-LHR light chain variable region comprises, or 

alternatively consists essentially of, or yet further consists of a polypeptide with a consensus 

sequence selected from SEQ ID NOs.: 12-15, or equivalents of each thereof.  

[01301 In another aspect of the present technology, the isolated antibody includes one or 

more of the following characteristics: 

(a) the light chain immunoglobulin variable domain sequence comprises one or more 

CDR-s that are at least 85% identical to a CDR of a light chain variable domain of any of the 

disclosed light chain sequences; 

(b) the heavy chain immunoglobulin variable domain sequence comprises one or 

more CDRs that are at least 85% identical to a CDR of a heavy chain variable domain of any 

of the disclosed heavy chain sequences; 

c) the light chain immunoglobulin variable domain sequence is at least 85% identical 

to a light chain variable domain of any of the disclosed light chain sequences; 

(d) the HC imnunoglobulin variable domain sequence is at least 85% identical to a 

heavy chain variable domain of any of the disclosed light chain sequences; and 

(e) the antibody binds an epitope that overlaps with an epitope bound by any of the 

disclosed sequences.  

[0131] In one aspect, the present disclosure provides an isolated antibody that is at least 

85% identical to the anti-LHR antibodies, e.g., 5F4-21, 4A7-4, 8B7-3 or 138-2, as disclosed 

herein.  

101321 In some of the aspects of the antibodies provided herein, the antibody binds human 

LHR with a dissociation constant (KD) of less than 10 M, 10 M. 106 M, 10V' M, 10-- M, 

10-9 M, 10 0 M, 10 11 M, or 1012 M. In some of the aspects of the antibodies provided 

herein, the antigen binding site specifically binds to human LiHR.  

[0133] In some of the aspects of the antibodies provided herein, the antibody is soluble Fab.  

[0134] In some of the aspects of the antibodies provided herein, the IC and LC variable 

domain sequences are components of the same polypeptide chain. In some of the aspects of 

the antibodies provided herein, the [IC and LC variable domain sequences are components of 

different polypeptide chains.  
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101351 In some of the aspects of the antibodies provided herein, the antibody is a full-length 

antibody. In other aspect, antigen binding fragments of the antibodies are provided.  

[0136] In some of the aspects of the antibodies provided herein, the antibody is a 

monoclonal antibody.  

[01371 In some of the aspects of the antibodies provided herein, the antibody is chimeric or 

humanized.  

101381 In some of the aspects of the antibodies provided herein, the antibody fragment is 

selected from the group consisting of Fab, F(ab)'2, Fab', scF,, and Fv.  

[0139] In other aspects, one or more amino acid residues in a CDR of the antibodies 

provided herein are substituted with another amino acid. The substitution may be 

"conservative" in the sense of being a substitution within the same family of amino acids.  

The naturally occurring amino acids may be divided into the following four families and 

conservative substitutions will take place within those families: 

1) Amino acids with basic side chains: lysine, arginine, histidine; 

2) Amino acids with acidic side chains: aspartic acid, glutamic acid: 

3) Amino acids with uncharged polar side chains: asparagine, glutamine, serine, 

threonine, tyrosine; 

4) Amino acids with nonpolar side chains: glycine, alanine, valine, leucine, 

isoleucine, proline, phenylalanine, methionine, tryptophan, cysteine.  

[01401 In another aspect, one or more amino acid residues are added to or deleted from one 

or more CDRs of an antibody. Such additions or deletions occur at the N or C termini of the 

CDR or at a position within the CDR.  

[0141] By varying the amino acid sequence of the CDRs of an antibody by addition, 

deletion or substitution of amino acids, various effects such as increased binding affinity for 

the target antigen may be obtained.  

[01421 It is to be appreciated that antibodies of the present disclosure comprising such 

varied CDR sequences still bind L[R with similar specificity and sensitivity profiles as the 

disclosed antibodies. This may be tested by way of the binding assays.  
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101431 The constant regions of antibodies may also be varied. For example, antibodies may 

be provided with Fc regions of any isotype: IgA (IgA1, IgA2), IgD, IgE, IgG (IgGI, IgG2.  

IgG3, IgG4) or IgM. Non-limiting examples of constant region sequences include: 

[01441 Human IgD constant region, Uniprot: P01880 SEQ ID NO: 44 

APTKAPDVFPIISGCRIPKDNSPVVLACLITGYHPTSVTVTWYMGTQSQPQR TFPEIQ 

RRLDSYYMT SSQLSTPLQQWRQGEYKCVVQHITASKSKKE[FRWPESPKAQASSV'PTA 

QPQAEGSLAKATTAPATTRNTGRGGEEKKKEKEK EEQEERETKTPECPSHTQPLGVY 

LL TPAVQDLWLRDKATF TCF VVGSDLKDAHLT WEVAGKV'PTGGVEEGLLERHSNG 

SQSQHSRLTLPRSLWNAGTSVTCTLNHIPSLPPQRLMALREPAAQAP VKLSLNLLASS 

)PPEAASWLLC EVSGF SPPNIILLMVIV LEDQREVNTSGFAPARPPPQPGST TF WAWS VL 

RVPAPPSPQPATYTCVVSHEDSRTLLNASRSLEVSYVTDHGPMK 

[0145] Human IgGI constant region, Uniprot: P01857 SEQ ID NO: 45 

A STKGPSVFPLAPS SK STSGGTAALGCVIK)YFPEPVTVSWNSGALTSGVH TF:PAIVL 

QSSGLYSLSSVVTVPSSSLGTQTYICN VNHKPSNTKVDKKVEPKSCDKTHTCPPCPAP 

ELLGG(i PSVFLF PPKPKDTLMI SRTPEVT(VVVVSHEDPEVK NWYVDGVEVHNAK 

TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPRE 

PQVYTLPPSRDEITKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG 

SFFLY SKLTIVDKSRWQQGNVFSCSVMHEALUNHYT QKSLSLSPGK 

[01461 Human IgG2 constant region, Uniprot: P01859 SEQ ID NO: 46 

ASTK GP SVFPLAPC SR STSf STAALGCL VKI)YFPEP VTV \ SWNSGAL TSG VHTFPAVLQ 

SSGLYSLSSVVT VP SSNFGTQ TYTCNVDHKPSNTK'VDKTVERKCCVECPICPAPIVA 

GPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPR 

EEQFNSTFRVVSVLT VVHQDWLNGKEYKCKVSNKGLPAPI[EKT ISKTKGQPREIPQ VY 

TLPPSREEMTKNQVSLTCLVKGFYPSDIS VEWESNGQPENNYKTTPPMLDSDGSFFL 

YSKLTV)KSRW QQGNVF SC SVM-IEALHNHYTQ 1K SLSLSPGK 

101471 Human IgG3 constant region, Uniprot: P01860 SEQ ID NO: 47 

ASTKGPSVFPLAPCSR-STSGGTAAIGCLVKDYFPEPVTVSWNSGAL TSGVHTFPAVL 

QSSGLYSLSSVVTVPSSSLGTQTYTCNVNHKPSNTKVDKRVELKTPLGDTTHTCPRC 

PEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPEPKSCDTPPPCPRCPAPELLGGPSVFLFPP 

KPKDTLM ISR TPEVTC VVVI)VS HE) PE VQFKWYV)GVEVHN AKT KP REEI ;QYNSTF R 
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VV SVLTIVL-QD WLNGKEYKCK VSNKALPAPIEKT -ISK-TKGQPR EP)Q VYTlLPP SREEM 

TKNQVSL-TCIVKGFYPSDIAVE WESSGiQPE NNYNTTPPMIDSDGSFFIYSKIV 'DKS 

RWQQiNIF Sc SVMHEALHI-INRFTQKSLSL SPGK 

[01481 Human 1gM constant region, Uniprot: P01871 SEQ lID NO: 48 

GSASAPTL-FPLVSCFENSPSDTSS VAVGCL-AQDFLPDSITLSWKYK-NNSDIS STRGFPSV 

LRGGCKYAATISQVLLP SKD VNQGTIDEHVVCK VQIINGNKEKN VILI)V1AELPPIKV SV 

FVPTPRDGFFGNPRKSKl-IC QATGF SPRQ [QVSWL-REGKQ VG SCVTTDQVQ AEAKE SG 

PTTY'NKVTIST1LTIIKESDWLCGQ SMFT-lCR VDHRGLTfFQQN AS SMC VPDQDTIAIRVFA[PP S 

FASI!FLTKSTKLTCLVTDLTTYD SVTJS WTRQNGEAV/KTHYNJSESH]PNATF SAVGEAS 

TITCLVTGF SPADVFVQWMQRGQPLSPEKYVTSAPMPEPQAPGRYFTAHSILTVSEEE 

WNTC ET[-"lYTIC VAUElA L-PNR VTFE RT'I'V) KSTG'(KPFL.YNVS I-NM S [)T'AGTCI-Y 

[01491 [-luman IgG 4 conistat region, Uniprot: P01861 SEQ ID 'N0: 49 

ASTKGPSVFTPLAPC SRSTSESTAALGCLV7KDYFPEPVTVSWNSGALTSGVHTFPAVLQ 

S SG-LYS L-S SVVT'V-P SSS LGT )I'KTIYTC(-N VDH -KP SN T'K VD)KR yESKYGiP PCP SC-PA~PE [ LG,( 

GP SVFLFPPKPKDTLMISRTPEVTCVVV/DVSQEDPEVQF-.NWvYVDGV\,EVINKTKPR 

EEFQFNSTYRVVSVLTVLHIQDWL-NGKEY'KCKVSNKGLP S SEKTISKAKGQPREPQVY 

TFLI)P SQEEMTIKNQV S LTCL VK GF YISDIAVE WES NGQP)ENN YKTTPI1)1VLD SDGSFF L 

YSRL-TV/DK SRWQ EGNVF SC SVMHt-EALHI-NI-IYTQKS LSLSl-GK 

[01501 Human IgAl constant region, Uniprot: 1P01876 SEQ IF) NOI: 50 

ASP TFSPKVFIL S LC STlQP3DGNVV IACL VQGFFI13QEP3LSVFW SESGQG V'I,-TANFPP )SQD 

A SGDLYTT SSQ-TLPA TQCL-AGK SVTCIHY/KI-IYTNP SQD VT VPCPVP STPPTP SP STPP 

T1F 5J SCCHP)RLSLHRPIALEDLLLGSEA-NLTfC T'LTGLRDASGV T'FFW IS SGKSAVQGPl 

PE R-Dl-CGC YSVS SVLPGC AE P WNH-GK TFTC TAAYPESK TPLTATLSK SGNTFRPE VT-I 

LLIPP1 SEE L,--ALNE 'LVTll']LT ARGif S PK[)VL VRWL-QGISQE -LPRE KYlT IWA S R'QEP SQG, 

TTTFAVTSlILRVAAEDWKKGDTF SCMVGHEALPLAFTQKTlIDRLAGKPTHNVSVV 

MAE VI)GTC~Y 

[0151] Human IgA2 constant region, Lniprot: P0 1877 SEQ ID NO: 5 1 

ASPTSPKVFTPLSLD STPQDGNVVVACL VQGFFPQEPLS VTW SESGQNVTAkRNFPP SQD 

ASGDfl-Y TTIS SQ LTL'-PATlQC PI)(GKSVTC '[-I VKI-I YTlNP SQ)VT VPC PVPPPPPCC H-PRkLSL 
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HRPALEDLLLGSEANL ICILTGLRDASGATF T W T1SSGKSAVQGPPERDLCGCYSVS 

SVLPGCAQPWN-IGETFTCTAAHPELKTPLTANITKSGNTFRPEVHLLPPPSEELALNE 

LVIL TCLARGF SP3KDVLVRWLQGSQELPREKYL T WASRQEP SQGITT TFAVISILRVA 

AEDWKKGDTFSCMVGHEALP LAFTQKTIDRMAGKPTH VNVSVVMAEVDGTCY 

[0152] Human Ig kappa constant region, Uniprot: P01834 SEQ ID NO: 52 

IVAAPS VFIFPP SDEQLKSGTASVVCLLN NF YPREAKVQWKVDNALQSGNSQESVIE 

QDSK-DSTYSLSSTILTL SKADYEKHK VYACEVTHQGLSSPVTKSFNR.GEC 

[0153] In some aspects of the antibodies provided herein, the antibody contains structural 

modifications to facilitate rapid binding and cell uptake and/or slow release. In some aspects, 

the LHR antibody contains a deletion in the CH2 constant heavy chain region of the antibody 

to facilitate rapid binding and cell uptake and/or slow release. In some aspects, a Fab 

fragment is used to facilitate rapid binding and cell uptake and/or slow release. In some 

aspects, a F(ab)'2 fragment is used to facilitate rapid binding and cell uptake and/or slow 

release.  

[0154] The antibodies, fragments, and equivalents thereof can be combined with a carrier, 

e.g., a pharmaceutically acceptable carrier or other agents to provide a formulation for use 

and/or storage.  

[0155] Further provided is an isolated polypeptide comprising, or alternatively consisting 

essentially of, or yet further consisting of, the amino acid sequence of LHR or a fragment 

thereof, that are useful to generate antibodies that bind to LHR, as well as isolated 

polynucleotides that encode them. In one aspect, the isolated polypeptides or polynucleotides 

further comprise a label and/or contiguous polypeptide sequences (e.g., keyhole limpet 

haemocyanin (LHI) carrier protein) or in the case of polynucl eotides, polynucleotides 

encoding the sequence, operatively coupled to polypeptide or polynucleotide. The 

polypeptides or polynucleotides can be combined with various carriers, e.g., phosphate 

buffered saline. Further provided are host cells, e.g., prokaryotic or eukaryotic cells, e.g., 

bacteria, yeast, mammalian (rat, simian, hamster, or human), comprising the isolated 

polypeptides or polynucleotides. The host cells can be combined with a carrier.  

[0156] Yet further provided are the isolated nucleic acids encoding the antibodies and 

fragments thereof as disclosed herein. They can be combined with a vector or appropriate 
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host cell, and /or a suitable carrier for diagnostic or therapeutic use. In one aspect, the nucleic 

acids are contained with a host cell for recombinant production of polypeptides and proteins.  

The host cells can be eukaiyotic or prokaryotic.  

i. Processes for Preparing Compositions 

[01571 Antibodies, their manufacture and uses are well known and disclosed in, for 

example, Harlow, E. and Lane, D., Antibodies: A Laboratory Mianual, Cold Spring harbor 

Laboratory Press, Cold Spring Harbor, N.Y., 1999. The antibodies may be generated using 

standard methods known in the art. Examples of antibodies include (but are not limited to) 

monoclonal, single chain, and functional fragments of antibodies.  

[01581 Antibodies may be produced in a range of hosts, for example goats, rabbits, rats, 

mice, humans, and others. They may be immunized by injection with a target antigen or a 

fragment or oligopeptide thereof which has immunogenic properties, such as a C-terminal 

fragment of LHR or an isolated polypeptide. Depending on the host species, various 

adjuvants may be added and used to increase an immunological response. Such adjuvants 

include, but are not limited to, Freund's, mineral gels such as aluminum hydroxide, and 

surface active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil 

emulsions, keyhole limpet hemocyanin, and dinitrophenol. Among adjuvants used in 

humans, BCG (Bacille Calmette-Guerin) and Coryiebacteriun par rum are particularly 

useful. This this disclosure also provides the isolated polypeptide and an adjuvant.  

[0159] In certain aspects, the antibodies of the present disclosure are polyclonal, i.e., a 

mixture of plural types of anti-LIHR antibodies having different amino acid sequences. In one 

aspect, the polyclonal antibody comprises a mixture of plural types of anti-LHR antibodies 

having different CDRs. As such, a mixture of cells which produce different antibodies is 

cultured, and an antibody purified from the resulting culture can be used (see WO 

2004/061104).  

[0160] voinoclonalAitibodv Production. Monoclonal antibodies to LfIR may be prepared 

using any technique which provides for the production of antibody molecules by continuous 

cell lines in culture. Such techniques include, but are not limited to, the hybridoma technique 

(see, e.g., Kohler & Milstein, Nature 256: 495-497 (1975)); the trioma technique; the human 

B-cell hybridonia technique (see, e.g., Kozbor, et atl., Immunol. Today 4: 72 (1983)) and the 
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EBV hybridoma technique to produce human monoclonal antibodies (see, e.g., Cole, et al., 

in: MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R. Liss, Inc., pp. 77

96 (1985)). Human monoclonal antibodies can be utilized in the practice of the present 

technology and can be produced by using human hybridomas (see, e.-., Cote, et al., Proc.  

Natl. A cad. Sci. 80: 2026-2030 (1983)) or by transforming human B-cells with Epstein Barr 

Virus in vitro (see, e.g., Cole, el al., in: MONOCLONAL ANTIBODIES AND CANCER 

THERAPY, Alan R. Liss, Inc., pp. 77-96 (1985)). For example, a population of nucleic acids 

that encode regions of antibodies can be isolated. PCR utilizing primers derived from 

sequences encoding conserved regions of antibodies is used to amplify sequences encoding 

portions of antibodies from the population and then reconstruct DNAs encoding antibodies or 

fragments thereof, such as variable domains, from the amplified sequences. Such amplified 

sequences also can be fused to DNAs encoding other proteins-e.g., a bacteriophage coat, or 

a bacterial cell surface protein-for expression and display of the fusion polypeptides on 

phage or bacteria. Amplified sequences can then be expressed and further selected or 

isolated based, e.g., on the affinity of the expressed antibody or fragment thereof for an 

antigen or epitope present on the LHR polypeptide. Alternatively, hybridomas expressing 

anti- LHR monoclonal antibodies can be prepared by immunizing a subject, e.g., with an 

isolated polypeptide comprising, or alternatively consisting essentially of, or yet further 

consisting of, the amino acid sequence of LHR or a fragment thereof, and then isolating 

hybridomas from the subject's spleen using routine methods. See, e.g., Milstein et al., (Galfre 

and Milstein, Methods Enzymol 73: 3-46 (1981)). Screening the hybridomas using standard 

methods will produce monoclonal antibodies of varying specificity (i.e., for different 

epitopes) and affinity. A selected monoclonal antibody with the desired properties, e.g., LHR 

binding, can be (i) used as expressed by the hybridoma, (ii) bound to a molecule such as 

polyethylene glycol (PEG) to alter its properties, or (iii) a cDNA encoding the monoclonal 

antibody can be isolated, sequenced and manipulated in various ways. In one aspect, the anti

LHR monoclonal antibody is produced by a hybridoma which includes a B cell obtained from 

a transgenic non-human animal, e.g., a transgenic mouse, having a genome comprising a 

human heavy chain transgene and a light chain transgene fused to an immortalized cell.  

Hybridoma techniques include those known in the art and taught in Harlow et al., Antibodies: 

A Laboratory Manual Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 349 

(1988); l ammerling et al., Monoclonal Antibodies And T-Cell Hybridomas, 563-681 (1981), 
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101611 Phage Display Technique. As noted above, the antibodies of the present disclosure 

can be produced through the application of recombinant DNA and phage display technology.  

For example, anti-LHR antibodies, can be prepared using various phage display methods 

known in the art. In phage display methods, functional antibody domains are displayed on 

the surface of a phage particle which carries polynucleotide sequences encoding them. Phage 

with a desired binding property are selected from a repertoire or combinatorial antibody 

library (e.g., human or murine) by selecting directly with an antigen, typically an antigen 

bound or captured to a solid surface or bead. Phage used in these methods are typically 

filamentous phage including fd and M13 with Fab, F, or disulfide stabilized Fv antibody 

domains are recombinantly fused to either the phage gene III or gene VIII protein. In 

addition, methods can be adapted for the construction of Fab expression libraries (see, e.g., 

Huse, et al., Science 246: 1275-1281, 1989) to allow rapid and effective identification of 

monoclonal Fab fragments with the desired specificity for a LHR polypeptide, e.g., a 

polypeptide or derivatives, fragments, analogs or homologs thereof. Other examples of 

phage display methods that can be used to make the isolated antibodies of the present 

disclosure include those disclosed in Huston et al., Proc. Vat. A cad Sci. US.A., 85: 5879

5883 (1988); Chaudhary et al., Proc. Natl. Acad. Sci. US.A., 87: 1066-1070 (1990); 

Brinkman et aL, J. inunnoL Methods 182: 41-50 (1995); Ames et a.L, J. Immunol.  

Methods 184: 177-186 (1995); Kettleborough et al., Eur. J. Innunol. 24: 952-958 (1994); 

Persic et a.L, Gene 187: 9-18 (1997); Burton et al., Adv.ances! in immunology 57: 191-280 

(1994); PCT/GB91/01 134; WO 90/02809; W) 91/10737; W) 92/01047; WO 92/18619; WO 

93/11236; WO 95/15982; WO 95/20401; WO 96/06213; WO 92/01047 (Medical Research 

Council eta.); WO 97/08320 (Morphosys); WO 92/01047 (CAT/MRC); WO 91/17271 

(Affymax); and U.S. Pat. Nos. 5,698,426, 5,22'3,409 5,403,484, 5,580,717, 5,427,908, 

5,750,753, 5,821,047, 5,571,698, 5,427,908, 5,516,637, 5,780,225, 5,658,727 and 5,733,743.  

[0162] Methods useful for displaying polypeptides on the surface of bacteriophage particles 

by attaching the polypeptides via disulfide bonds have been described by Lohning, U.S. Pat.  

No. 6,753,136. As described in the above references, after phage selection, the antibody 

coding regions from the phage can be isolated and used to generate whole antibodies, 

including human antibodies, or any other desired antigen binding fragment, and expressed in 

any desired host including mammalian cells, insect cells, plant cells, yeast, and bacteria. For 
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example, techniques to recombinantly produce Fab, Fab' and F(ab') 2 fragments can also be 

employed using methods known in the art such as those disclosed in WO 92/22324; Mullinax 

et al., BioTechniques 12: 864-869 (1992); Sawai et al.,AJRJ 34: 26-34 (1995); and Better et 

al.. Science 240: 1041-1043 (1988).  

[0163] Generally, hybrid antibodies or hybrid antibody fragments that are cloned into a 

display vector can be selected against the appropriate antigen in order to identify variants that 

maintained good binding activity, because the antibody or antibody fragment will be present 

on the surface of the phage or phagemid particle. See e.g. Barbas III et al., Phage Display, A 

Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001).  

However, other vector formats could be used for this process, such as cloning the antibody 

fragment library into a lytic phage vector (modified T7 or Lambda Zap systems) for selection 

and/or screening.  

[0164] Alternate Methods of A ntibody Production. Antibodies may also be produced by 

inducing in vivo production in the lymphocyte population or by screening recombinant 

immunoglobulin libraries or panels of highly specific binding reagents (Orlandi et al., PAAS 

86: 3833-3837 (1989); Winter, G. el al., Nature, 349: 293-299 (1991)).  

[0165] Alternatively, techniques for the production of single chain antibodies may be used.  

Single chain antibodies (scFys) comprise a heavy chain variable region and a light chain 

variable region connected with a linker peptide (typically around 5 to 25 amino acids in 

length). In the scF, the variable regions of the heavy chain and the light chain may be 

derived from the same antibody or different antibodies. scFvs may be synthesized using 

recombinant techniques, for example by expression of a vector encoding the scF, in a host 

organism such as E. col. DNA encoding scF, can be obtained by performing amplification 

using a partial DNA encoding the entire or a desired amino acid sequence of a DNA selected 

from a DNA encoding the heavy chain or the variable region of the heavy chain of the above

mentioned antibody and a DNA encoding the light chain or the variable region of the light 

chain thereof as a template, by PCR using a primer pair that defines both ends thereof, and 

further performing amplification combining a DNA encoding a polypeptide linker portion 

and a primer pair that defines both ends thereof, so as to ligate both ends of the linker to the 

heavy chain and the light chain, respectively. An expression vector containing the DNA 
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encoding scF, and a host transformed by the expression vector can be obtained according to 

conventional methods known in the art.  

[0166] Antigen binding fragments may also be generated, for example the F(ab')2 fragments 

which can be produced by pepsin digestion of the antibody molecule and the Fab fragments 

which can be generated by reducing the disulfide bridges of the F(ab')2 fragments.  

Alternatively, Fab expression libraries may be constructed to allow rapid and easy 

identification of monoclonal Fab fragments with the desired specificity (Huse et al., Science, 

256: 1275-1281 (1989)).  

[0167] Antibody Afodifications. The antibodies of the present disclosure may be 

multimerized to increase the affinity for an antigen. The antibody to be multimerized may be 

one type of antibody or a plurality of antibodies which recognize a plurality of epitopes of the 

same antigen. As a method of multimerization of the antibody, binding of the IgG C-13 

domain to two scF, molecules, binding to streptavidin, introduction of a helix-turn-helix 

motif and the like can be exemplified.  

[0168] The antibody compositions disclosed herein may be in the form of a conjugate 

formed between any of these antibodies and another agent (immunoconjugate). In one 

aspect, the antibodies disclosed herein are conjugated to radioactive material. In another 

aspect, the antibodies disclosed herein can be bound to various types of molecules such as 

polyethylene glycol (PEG).  

[0169] Antibody Screening. Various immunoassays may be used for screening to identify 

antibodies having the desired specificity. Numerous protocols for competitive binding or 

immunoradiometric assays using either polyclonal or monoclonal antibodies with established 

specificities are well known in the art. Such immunoassays typically involve the 

measurement of complex formation between LHR, or any fragment or oligopeptide thereof 

and its specific antibody. A two-site, monoclonal -based immunoassay utilizing monoclonal 

antibodies specific to two non-interfering LHR epitopes may be used, but a competitive 

binding assay may also be employed (Maddox et a., J. Exp. Med., 158: 1211-1216 (1983)).  

[0170] Automated immunohistochemistry (IFIC) screening of potential anti-IIR antibodies 

can be performed using a Ventana Medical Systems, Inc (VMSI) Discovery XT and 

formalin-fixed, paraffin-embedded human tissue on glass slides. Tissue samples first 
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undergo deparaffinization, antigen retrieval, followed by the addition of the potential anti

LIR antibody and a detection antibody. The detection antibody is visualized using a 

chromogen detection reagent from VMSi. Stained slides are manually screened under a 

microscope. Samples having a correct primary antibody staining pattern are selected as 

potential anti-LHR candidates.  

101711 Antibody Purification. The antibodies disclosed herein can be purified to 

homogeneity. The separation and purification of the antibodies can be performed by 

employing conventional protein separation and purification methods.  

[0172] By way of example only, the antibody can be separated and purified by 

appropriately selecting and combining use of chromatography columns, filters, ultrafiltration, 

salt precipitation, dialysis, preparative polyacrylamide gel electrophoresis, isoelectric 

focusing electrophoresis, and the like. Strategies for Protein Purification and 

Characterization: A Laboratory Course M/fanual, Daniel R. Marshak et at. eds., Cold Spring 

Harbor Laboratory Press (1996); Antibodies: . Laboratory Manual. Ed Harlow and David 

Lane, Cold Spring Harbor Laboratory (1988).  

101731 Examples of chromatography include affinity chromatography, ion exchange 

chromatography, hydrophobic chromatography, gel filtration chromatography, reverse phase 

chromatography, and adsorption chromatography. In one aspect, chromatography can be 

performed by employing liquid chromatography such as HPLC or FPLC.  

[0174] In one aspect, a Protein A column or a Protein G column may be used in affinity 

chromatography. Other exemplary columns include a Protein A column, -Iyper ), POROS, 

Sepharose F. F. (Pharmacia) and the like.  

111. Methods of Use 

[0175] General. The antibodies disclosed herein are useful in methods known in the art 

relating to the localization and/or quantitation of a LHR polypeptide (e.g., for use in 

measuring levels of the LHR polypeptide within appropriate physiological samples, for use in 

diagnostic methods, for use in imaging the polypeptide, and the like). The antibodies 

disclosed herein are useful in isolating a LHR polypeptide by standard techniques, such as 

affinity chromatography or immunoprecipitation. A LIR antibody disclosed herein can 

facilitate the purification of natural LHR polypeptides from biological samples, e.g., 

-46-



WO 2016/160618 PCT/US2016/024354 

mammalian sera or cells as well as recombinantly-produced LHR polypeptides expressed in a 

host system. Moreover, LHR antibody can be used to detect a LHR polypeptide (e.g., in 

plasma, a cellular lysate or cell supernatant) in order to evaluate the abundance and pattern of 

expression of the polypeptide. The LHR antibodies disclosed herein can be used 

diagnostically to monitor LI-R levels in tissue as part of a clinical testing procedure, e.g., to 

determine the efficacy of a given treatment regimen. The detection can be facilitated by 

coupling (i.e., physically linking) the LIR antibodies disclosed herein to a detectable 

substance.  

[01761 In another aspect, provided herein is a composition comprising an antibody or 

antigen binding fragment as disclosed herein bound to a peptide comprising, for example, a 

human LHR protein or a fragment thereof In one aspect, the peptide is associated with a 

cell. For example, the composition may comprise a disaggregated cell sample labeled with 

an antibody or antibody fragment as disclosed herein, which composition is useful in, for 

example, affinity chromatography methods for isolating cells or for flow cytometry-based 

cellular analysis or cell sorting. As another example, the composition may comprise a fixed 

tissue sample or cell smear labeled with an antibody or antibody fragment as disclosed 

herein, which composition is useful in, for example, immunohistochemistry or cytology 

analysis. In another aspect, the antibody or the antibody fragment is bound to a solid support, 

which is useful in, for example: ELISAs; affinity chromatography or immunoprecipitation 

methods for isolating LHR proteins or fragments thereof, LHR-positive cells, or complexes 

containing LHR and other cellular components. In another aspect, the peptide is bound to a 

solid support. For example, the peptide may be bound to the solid support via a secondary 

antibody specific for the peptide, which is useful in, for example, sandwich ELISAs. As 

another example, the peptide may be bound to a chromatography column, which is useful in, 

for example, isolation or purification of antibodies according to the present technology. In 

another aspect, the peptide is disposed in a solution, such as a lysis solution or a solution 

containing a sub-cellular fraction of a fractionated cell, which is useful in, for example, 

ELISAs and affinity chromatography or immunoprecipitation methods of isolating L[R 

proteins or fragments thereof or complexes containing LHR and other cellular components.  

In another aspect, the peptide is associated with a matrix, such as, for example, a gel 

electrophoresis gel or a matrix commonly used for western blotting (such as membranes 
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made of nitrocellulose or polyvinylidene difluoride), which compositions are useful for 

electrophoretic and/or immunoblotting techniques, such as Western blotting.  

[0177] Detection ofLIHR Polypeptide. An exemplary method for detecting the level of LHR 

polypeptides in a biological sample involves obtaining a biological sample from a subject and 

contacting the biological sample with a IJR antibody disclosed herein which is capable of 

detecting the LHR polypeptides.  

[0178] In one aspect, the LHR antibodies 5F4-21, 4A7-4, 8B7-3 ,or 138-2, or fragments 

thereof are detectably labeled. The term "labeled", with regard to the antibody is intended to 

encompass direct labeling of the antibody by coupling (i.e., physically linking) a detectable 

substance to the antibody, as well as indirect labeling of the antibody by reactivity with 

another compound that is directly labeled. Non-limiting examples of indirect labeling 

include detection of a primary antibody using a fluorescently-labeled secondary antibody and 

end-labeling of a DNA probe with biotin such that it can be detected with fluorescently

labeled streptavidin.  

[0179] The detection method of the present disclosure can be used to detect expression 

levels of LHR polypeptides in a biological sample in vitro as well as in vivo. In vitro 

techniques for detection of LHR polypeptides include enzyme linked immunosorbent assays 

(ELISAs), Western blots, flow cytometry, immunoprecipitations, radioimmunoassay, and 

immunofluorescence (e.g., IHC). Furthermore, in vivo techniques for detection of LHR 

polypeptides include introducing into a subject a labeled anti-LR-R antibody. By way of 

example only, the antibody can be labeled with a radioactive marker whose presence and 

location in a subject can be detected by standard imaging techniques. In one aspect, the 

biological sample contains polypeptide molecules from the test subject.  

[01801 Innnunoassay andImaging. A LHR antibody disclosed herein can be used to assay 

LHR polypeptide levels in a biological sample (e.g. human plasma) using antibody-based 

techniques. For example, protein expression in tissues can be studied with classical 

immunohistochemical (IH-C) staining methods. Jalkanen, M. el al., J (Cell. Biol. 101: 976

985 (1985); Jalkanen, M. et al., J. Cell. Biol. 105: 3087-3096 (1987). Other antibody-based 

methods useful for detecting protein gene expression include immunoassays, such as the 

enzyme linked immunosorbent assay (ELISA) and the radioimmunoassay (RIA). Suitable 
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antibody assay labels are known in the art and include enzyme labels, such as, glucose 

oxidase, and radioisotopes or other radioactive agents, such as iodine (m5 m mI), carbon 

(4C), sulfur (3'S), tritium (3H), indium ( 1 2In), and technetium (99mTc), and fluorescent 

labels, such as fluorescein and rhodanine, and biotin.  

[0181] In addition to assaving LHR polypeptide levels in a biological sample, LIR 

polypeptide levels can also be detected in vivo by imaging. Labels that can be incorporated 

with anti- I-HR antibodies for in vivo imaging of LHR polypeptide levels include those 

detectable by X-radiography, NMR or ESR. For X-radiography, suitable labels include 

radioisotopes such as barium or cesium, which emit detectable radiation but are not overtly 

harmful to the subject. Suitable markers for N MR and ESR include those with a detectable 

characteristic spin, such as deuterium, which can be incorporated into the LHR antibody by 

labeling of nutrients for the relevant scF, clone.  

[0182] A LH-JR antibody which has been labeled with an appropriate detectable imaging 

moiety, such as a radioisotope (e.g. 131 1, 1In, 99mTc), a radio-opaque substance, or a material 

detectable by nuclear magnetic resonance, is introduced (e.g., parenterally, subcutaneously, 

or intraperitoneally) into the subject. It will be understood in the art that the size of the 

subject and the imaging system used will determine the quantity of imaging moiety needed to 

produce diagnostic images. In the case of a radioisotope moiety, for a human subject, the 

quantity of radioactivity injected will normally range from about 5 to 20 millicuries of 99mTc.  

The labeled LHR antibody will then preferentially accumulate at the location of cells which 

contain the specific target polypeptide. For example, in vivo tumor imaging is described in S.  

W. Burchiel et al., Tumor Inaging: The Radiochenical Detection of Cancer 13 (1982).  

[0183] In some aspects, LHR antibodies containing structural modifications that facilitate 

rapid binding and cell uptake and/or slow release are useful in in vivo imaging detection 

methods. In some aspects, the LHR antibody contains a deletion in the (-12 constant heavy 

chain region of the antibody to facilitate rapid binding and cell uptake and/or slow release. In 

some aspects, a Fab fragment is used to facilitate rapid binding and cell uptake and/or slow 

release. In some aspects, a F(ab)'2 fragment is used to facilitate rapid binding and cell uptake 

and/or slow release.  
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101841 Diagnostic Uses ofLHR antibodies. The LHR antibody compositions disclosed 

herein are useful in diagnostic and prognostic methods. As such, the present disclosure 

provides methods for using the antibodies disclosed herein in the diagnosis of LHR-related 

medical conditions in a subject. Antibodies disclosed herein may be selected such that they 

have a high level of epitope binding specificity and high binding affinity to the LIR 

polypeptide. In general, the higher the binding affinity of an antibody, the more stringent 

wash conditions can be performed in an immunoassay to remove nonspecifically bound 

material without removing the target polypeptide. Accordingly, LHR antibodies of the 

present technology useful in diagnostic assays usually have binding affinities of at least 10-6 

1 0 ', 10-, 10-, 10~0. 10-", or 10-l- M. In certain aspects, LHR antibodies used as diagnostic 

reagents have a sufficient kinetic on-rate to reach equilibrium under standard conditions in at 

least 12 hours, at least 5 hours, at least 1 hour, or at least 30 minutes.  

[0185] Some methods of the present technology employ polyclonal preparations of anti

LH-R antibodies and polyclonal anti-Li-R antibody compositions as diagnostic reagents, and 

other methods employ monoclonal isolates. In methods employing polyclonal human anti

Li-R antibodies prepared in accordance with the methods described above, the preparation 

typically contains an assortment of LI-HR antibodies, e.g., antibodies, with different epitope 

specificities to the target polypeptide. The monoclonal anti-LHR antibodies of the present 

disclosure are useful for detecting a single antigen in the presence or potential presence of 

closely related antigens.  

[0186] The LHR antibodies of the present disclosure can be used as diagnostic reagents for 

any kind of biological sample. In one aspect, the LHR antibodies disclosed herein are useful 

as diagnostic reagents for human biological samples. LHR antibodies can be used to detect 

LIR polypeptides in a variety of standard assay formats. Sich formats include 

immunoprecipitation, Western blotting, ELISA, radioimmunoassay, flow cytometry, IHC and 

immunometric assays. See Harlow & Lane, Antibodies, A Laboratory Manual (Cold Spring 

Harbor Publications, New York, 1988); U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 

3,879,262; 4,034,074, 3,791,932; 3,817,837; 3,839,153; 3,850,752; 3,850,578; 3,853,987; 

3,867,517; 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; and 

4,098,876. Biological samples can be obtained from any tissue (including biopsies), cell or 

body fluid of a subject.  
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101871 Prognostic Uses ofLHR antibodies. The present disclosure also provides for 

prognostic (or predictive) assays for determining whether a subject is at risk of developing a 

medical disease or condition associated with increased LHR polypeptide expression or 

activity (e.g., detection of a precancerous cell). Such assays can be used for prognostic or 

predictive purpose to thereby prophylactically treat an individual prior to the onset of a 

medical disease or condition characterized by or associated with LHR polypeptide 

expression.  

[0188] Another aspect of the present disclosure provides methods for determining LHR 

expression in a subject to thereby select appropriate therapeutic or prophylactic compounds 

for that subject.  

101891 Alternatively, the prognostic assays can be utilized to identify a subject having or at 

risk for developing prostate cancer and ovary cancer. Thus, the present disclosure provides a 

method for identifying a disease or condition associated with increased LHR polypeptide 

expression levels in which a test sample is obtained from a subject and the LHR polypeptide 

detected, wherein the presence of increased levels of L[R polypeptides compared to a 

control sample is predictive for a subject having or at risk of developing a disease or 

condition associated with increased LHR- polypeptide expression levels. In some aspects, the 

disease or condition associated with increased LHR polypeptide expression levels is selected 

from the group consisting of prostate cancer and ovary cancer.  

[0190] In another aspect, the present disclosure provides methods for determining whether 

a subject can be effectively treated with a compound for a disorder or condition associated 

with increased LI-JR polypeptide expression wherein a biological sample is obtained from the 

subject and the LHR polypeptide is detected using the LHR antibody. The expression level 

of the LHR polypeptide in the biological sample obtained from the subject is determined and 

compared with the LFIR expression levels found in a biological sample obtained from a 

subject who is free of the disease. Elevated levels of the LHR polypeptide in the sample 

obtained from the subject suspected of having the disease or condition compared with the 

sample obtained from the healthy subject is indicative of the LHR-associated disease or 

condition in the subject being tested.  
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101911 There are a number of disease states in which the elevated expression level of LHR 

polypeptides is known to be indicative of whether a subject with the disease is likely to 

respond to a particular type of therapy or treatment. Thus, the method of detecting a LHR 

polypeptide in a biological sample can be used as a method of prognosis, e.g., to evaluate the 

likelihood that the subject will respond to the therapy or treatment. The level of the L HR 

polypeptide in a suitable tissue or body fluid sample from the subject is determined and 

compared with a suitable control, e.g, the level in subjects with the same disease but who 

have responded favorably to the treatment.  

[01921 In one aspect, the present disclosure provides for methods of monitoring the 

influence of agents (e.g., drugs, compounds, or small molecules) on the expression of L-R 

polypeptides. Such assays can be applied in basic drug screening and in clinical trials. For 

example, the effectiveness of an agent to decrease LHR polypeptide levels can be monitored 

in clinical trials of subjects exhibiting elevated expression of LHR, e.g., patients diagnosed 

with cancer. An agent that affects the expression of LHR polypeptides can be identified by 

administering the agent and observing a response. In this way, the expression pattern of the 

LHR polypeptide can serve as a marker, indicative of the physiological response of the 

subject to the agent. Accordingly, this response state may be determined before, and at 

various points during, treatment of the subject with the agent.  

[0193] Further aspects of the present disclosure relate to methods for determining if a 

patient is likely to respond or is not likely to LHR CAR therapy. In specific embodiments, 

this method comprises contacting a tumor sample isolated from the patient with an effective 

amount of an L-IR antibody and detecting the presence of any antibody bound to the tumor 

sample. In further embodiments, the presence of antibody bound to the tumor sample 

indicates that the patient is likely to respond to the LHR CAR therapy and the absence of 

antibody bound to the tumor sample indicates that the patient is not likely to respond to the 

LHR therapy. In some embodiments, the method comprises the additional step of 

administering an effective amount of the LHR CAR therapy to a patient that is determined 

likely to respond to the LHR CAR therapy.  

[0194] Automated Embodiments. A person of ordinary skill in the art will appreciate that 

aspects of the methods for using the LHR antibodies disclosed herein can be automated.
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Particular aspects of LHR staining procedures can be conducted using various automated 

processes.  

IV. Kits 

[0195] As set forth herein, the present disclosure provides diagnostic methods for 

determining the expression level of LHR. In one particular aspect, the present disclosure 

provides kits for performing these methods as well as instructions for carrying out the 

methods of the present disclosure such as collecting tissue and/or performing the screen, 

and/or analyzing the results.  

[0196] The kit comprises, or alternatively consists essentially of, or yet further consists of, a 

LHR antibody composition (e.g., monoclonal antibodies) disclosed herein, and instructions 

for use. The kits are useful for detecting the presence of LIR polypeptides in a biological 

sample e.g., any body fluid including, but not limited to, e.g., sputum, serum, plasma, lymph, 

cystic fluid, urine, stool, cerebrospinal fluid, acitic fluid or blood and including biopsy 

samples of body tissue. The test samples may also be a tumor cell, a normal cell adjacent to a 

tumor, a normal cell corresponding to the tumor tissue type, a blood cell, a peripheral blood 

lymphocyte, or combinations thereof. The test sample used in the above-described method 

will vary based on the assay format, nature of the detection method and the tissues, cells or 

extracts used as the sample to be assayed. Methods for preparing protein extracts or 

membrane extracts of cells are known in the art and can be readily adapted in order to obtain 

a sample which is compatible with the system utilized.  

[0197] In some aspects, the kit can comprise: one or more LI-R antibodies capable of 

binding a LHR polypeptide in a biological sample (e.g., an antibody or antigen-binding 

fragment thereof having the same antigen-binding specificity of LCIR antibody 1371-14 5F6, 

B7H4 # 33-14, or B7H4 #36-1); means for determining the amount of the LHR polypeptide 

in the sample; and means for comparing the amount of the LHR polypeptide in the sample 

with a standard. One or more of the LHR antibodies may be labeled. The kit components, 

(e.g., reagents) can be packaged in a suitable container. The kit can further comprise 

instructions for using the kit to detect the LHR polypeptides. In certain aspects, the kit 

comprises a first antibody, e.g., attached to a solid support, which binds to a LHR 
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polypeptide; and, optionally; 2) a second, different antibody which binds to either the LHR 

polypeptide or the first antibody and is conjugated to a detectable label.  

[0198] The kit can also comprise, e.g., a buffering agent, a preservative or a protein

stabilizing agent. The kit can further comprise components necessary for detecting the 

detectable-label, e.g., an enzyme or a substrate. The kit can also contain a control sample or a 

series of control samples, which can be assayed and compared to the test sample. Each 

component of the kit can be enclosed within an individual container and all of the various 

containers can be within a single package, along with instructions for interpreting the results 

of the assays performed using the kit. The kits of the present disclosure may contain a 

written product on or in the kit container. The written product describes how to use the 

reagents contained in the kit.  

[0199] As amenable, these suggested kit components may be packaged in a manner 

customary for use by those of skill in the art. For example, these suggested kit components 

may be provided in solution or as a liquid dispersion or the like.  

V. Carriers 

[0200] The antibodies or LIR CARs also can be bound to many different carriers. Thus, 

this disclosure also provides compositions containing the antibodies and another substance, 

active or inert. Examples of well-known carriers include glass, polystyrene, polypropylene, 

polyethylene, dextran, nylon, amylases, natural and modified celluloses, polyacrylamides, 

agaroses and magnetite. The nature of the carrier can be either soluble or insoluble for 

purposes of the disclosure. Those skilled in the art will know of other suitable carriers for 

binding antibodies, or will be able to ascertain such, using routine experimentation.  

(Ihimeric Antigen Receptors and Uses Thereof 

1. Compositions 

[0201] The present disclosure provides chimeric antigen receptors (CAR) that bind to LHR 

comprising, or consisting essentially of, an extracellular and intracellular domain. The 

extracellular domain comprises a target-specific binding element otherwise referred to as the 

antigen binding domain. The intracellular domain or cytoplasmic domain comprises a 

costimulatory signaling region and a zeta chain portion. The CAR may optionally further 
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comprise a spacer domain of up to 300 amino acids, preferably 10 to 100 amino acids, more 

preferably 25 to 50 amino acids.  

[0202] Antigen Binding Domain. In certain aspects, the present disclosure provides a CAR 

that comprises, or alternatively consists essentially thereof, or yet consists of an antigen 

binding domain specific to LHR. In some embodiments, the antigen binding domain 

comprises, or alternatively consists essentially thereof, or yet consists of the antigen binding 

domain of an anti-LI-R antibody. In further embodiments, the heavy chain variable region 

and light chain variable region of an anti-LHR antibody comprises, or alternatively consists 

essentially thereof, or yet consists of the antigen binding domain the anti-LHR antibody.  

These antibodies and their sequences are disclosed herein. As is apparent to the skilled 

artisan, the antibody fragments against LHR as disclosed herein can be used to generate a 

CAR. Thus, the relevant disclosure is incorporated herein.  

[0203] In some embodiments, the heavy chain variable region of the antibody comprises, or 

consists essentially thereof, or consists of the sequences disclosed herein, including an 

equivalent of each thereof and/or comprises one or more CDR regions as disclosed herein or 

an equivalent of each thereof In one aspect, the HC of the antibody comprises or 

alternatively consists essentially of, or yet further consists of one or more of: a CDR1 

comprising the amino acid sequence of GYSITSGYG (SEQ ID NO.: 16) or an equivalent of 

each thereof; and/or a CDR2 comprising the amino acid sequence of 1-IYSGST (SEQ ID 

NO.: 19) or an equivalent of each thereof; and/or a CDR3 comprising the amino acid 

sequence of ARSLRY (SEQ ID NO.: 22) or an equivalent of each thereof; and/or the LC 

comprises the antibody of comprises or alternatively consists essentially of, or yet further 

consists of a CDR1 comprising the amino acid sequence of SSVNY (SEQ ID NO.:25) or an 

equivalent of each thereof; and/or a CDR2 comprising the amino acid sequence of DTS (SEQ 

ID NO:28) or an equivalent of each thereof; and/or a CDR3 comprising the amino acid 

sequence of HQWSSYPYT (SEQ ID NO:31) or an equivalent of each thereof 

[0204] In one aspect, the H C comprises, or alternatively consists essentially of, or yet 

further consists of one or more of: a CDRI comprising the amino acid sequence of 

GFSLTTYG (SEQ ID NO: 17) or an equivalent of each thereof: and/or a CDR-2 comprising 

the amino acid sequence of IWGDGST (SEQ ID NO.: 20) or an equivalent of each thereof; 

and/or a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ lID NO.: 23) or 
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an equivalent of each thereof; and/or the LC of the antibody comprises, or alternatively 

consists essentially of, or yet further consists of a CDRI comprising the amino acid sequence 

of QSLLN SGNQKN Y (SEQ ID NO.:26) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of WAS (SEQ U) NO:29) or an equivalent of each 

thereof; and/or a CDR3 comprising the amino acid sequence of QNDYSYPLT (SEQ ID 

NO:32) or an equivalent of each thereof.  

[0205] In another aspect, the HC of the antibody comprises, or alternatively consists 

essentially of, or yet further consists of one or more of: a CDRI comprising the amino acid 

sequence of GYSFTGYY (SEQ ID NO.: 18) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IYPYNGVS (SEQ I) NO.: 21) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of ARERGLYQLRAMDY 

(SEQ I) NO.: 24) or an equivalent of each thereof; and/or the LC of the antibody comprises, 

or alternatively consists essentially of, or yet further consists of a CDR1 comprising the 

amino acid sequence of QSISNN (SEQ ID NO. :27) or an equivalent of each thereof; and/or a 

CDR2 comprising the amino acid sequence of NAS (SEQ LD NO:30) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of QQSNSWPYT (SEQ ID 

N(O:33) or an equivalent of each thereof.  

[0206] Transmembrane Domain. The transmembrane domain may be derived either from a 

natural or from a synthetic source. Where the source is natural, the domain may be derived 

from any membrane-bound or transmembrane protein. Transmembrane regions of particular 

use in this invention may be derived from CD8, CD28, CD3, CD45, CD4, CD5, CDS, CD9, 

CD 16, CD22, CD33, CD37, CD64, C[)80, CD86, CD 134, CD137, CD 154, TCR.  

Alternatively the transmembrane domain may be synthetic, in which case it will comprise 

predominantly hydrophobic residues such as leucine and valine. Preferably a triplet of 

phenylalanine, tryptophan and valine will be found at each end of a synthetic transmembrane 

domain. Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino 

acids in length may form the linkage between the transmembrane domain and the 

cytoplasmic signaling domain of the CAR. A glycine-serine doublet provides a particularly 

suitable linked.  

102071 Cytoplasmic Domain. The cytoplasmic domain or intracellular signaling domain of 

the CAR is responsible for activation of at least one of the traditional effector functions of an 
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immune cell in which a CAR has been placed. The intracellular signaling domain refers to a 

portion of a protein which transduces the effector function signal and directs the immune cell 

to perform its specific function. An entire signaling domain or a truncated portion thereof 

may be used so long as the truncated portion is sufficient to transduce the effector function 

signal. Cytoplasmic sequences of the TCR and co-receptors as well as derivatives or variants 

thereof can function as intracellular signaling domains for use in a CAR. Intracellular 

signaling domains of particular use in this invention may be derived from FcR, TCR, CD3, 

CDS, CD22, CD79a, CD79b, CD66d. Since signals generated through the TCR are alone 

insufficient for full activation of a T cell, a secondary or co-stimulatory signal may also be 

required. Thus, the intracellular region of a co-stimulatory signaling molecule, including but 

not limited CD27, CD28, 4- IBB (CD 137), OX40, CD30, CD40, PD- I , ICOS, lymphocyte 

function-associated antigen- I (LFA-1 ), CD2, CD7, LIGHT, NKG2C, B7-H-3, or a ligand 

that specifically binds with CD83, to may also be included in the cytoplasmic domain of the 

CAR.  

102081 In some embodiments, the cell activation moiety of the chimeric antigen receptor is 

a T-cell signaling domain comprising, or alternatively consisting essentially of, or yet further 

consisting of, one or more proteins or fragments thereof selected from the group consisting of 

CD8 protein, CD28 protein, 4-1BB protein, and CD3-zeta protein.  

[0209] In specific embodiments, the CAR comprises, or alternatively consists essentially 

thereof, or yet consists of an antigen binding domain of an anti-LHR antibody, a CD8 a hinge 

domain, a CD8 a transmembrane domain, a costimulatory signaling region, and a CD3 zeta 

signaling domain. In further embodiments, the costimulatory signaling region comprises 

either or both a CD28 costimulatory signaling region and a 4-1BB costimulatory signaling 

region.  

[0210] In some embodiments, the CAR can further comprise a detectable marker or 

purification marker.  

IT. Process for Preparing CARs 

[0211] Aspects of the present disclosure relate to an isolated cell comprising a LI-R CAR 

and methods of producing such cells. The cell is a prokaryotic or a eukaryotic cell. In one 
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aspect, the cell is a T cell or an NK cell. The eukaryotic cell can be from any preferred 

species, e.g., an animal cell, a mammalian cell such as a human, a feline or a canine cell.  

[0212] In specific embodiments, the isolated cell comprises, or alternatively consists 

essentially of, or yet further consists of an exogenous CAR comprising, or alternatively 

consisting essentially of, or yet further consisting of, an antigen binding domain of an anti

LHR antibody, a CD8 ca hinge domain, a CD8 a transmembrane domain, a CD28 

costimulatory signaling region and/or a 4-1BB costimulatory signaling region, and a CD3 

zeta signaling domain. In certain embodiments, the isolated cell is a T-cell, e.g., an animal T

cell, a mammalian T-cell, a feline T-cell, a canine T-cell or a human T-cell. In certain 

embodiments, the isolated cell is an NK-cell, e.g., an animal NK-cell, a mammalian NK-cell, 

a feline NK-cell, a canine NK-cell or a human NK-cell.  

[0213] In certain embodiments, methods of producing LHR CAR expressing cells are 

disclosed comprising, or alternatively consisting essentially of: (i) transducing a population 

of isolated cells with a nucleic acid sequence encoding a LHR CAR and (ii) selecting a 

subpopulation of cells that have been successfully transduced with said nucleic acid sequence 

of step (i). In some embodiments, the isolated cells are T-cells, an animal T-cell, a 

mammalian T-cell, a feline T-cell, a canine T-cell or a human T-cell, thereby producing LHR 

CAR T-cells. In certain embodiments, the isolated cell is an NK-cell, e.g., an animal NK

cell, a mammalian NK-cell, a feline NK-cell, a canine NK-cell or a human NK-cell, thereby 

producing LHR CAR NK-cells.  

102141 Sources of T Cells or NK Cells. Prior to expansion and genetic modification of the T 

cells of the invention, a source of T or NK cells is obtained may be obtain from a subject or a 

culture. T or NK cells can be obtained from a number of sources in a subject, including 

peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood, thymus 

tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors.  

102151 Methods of isolating relevant cells are well known in the art and can be readily 

adapted to the present application; an exemplary method is described in the examples below.  

Isolation methods for use in relation to this disclosure include, but are not limited to Life 

Technologies Dynabeads@ system; STEMcell Technologies EasySepTM, RoboSepTM, 

RosetteSepTFm, SepMateTM; Miltenyi Biotec MACSTA cell separation kits, and other 
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commercially available cell separation and isolation kits. Particular subpopulations of 

immune cells may be isolated through the use of beads or other binding agents available in 

such kits specific to unique cell surface markers. For example, MACS'TMI CD4+ and CD8+ 

MicroBeads may be used to isolate CD4+ and CD8+ T-cells.  

[02161 Alternatively, cells may be obtained through commercially available cell cultures, 

including but not limited to, for T-cells, lines BCL2 (AAA) Jurkat (ATCC@ CRL-2902T m), 

BCL2 (S70A) Jurkat (ATCC@ CRL-2900TM) BCL2 (S87A) Jurkat (ATCC@ CRL-290 T M1), 

BCL2 Jurkat (ATCC@ CRL-2899TM ), Neo Jurkat (ATCC@ CRL-2898TM ); and, for NK cells, 

lines NK-92 (ATCC@ CRL-2407TM) NK-92MI (ATCC@ CRL-2408 T
M,').  

[0217] 1Vectors. CARs may be prepared using vectors. The preparation of exemplary 

vectors and the generation of CAR expressing cells using said vectors is discussed in detail in 

the examples below. In summary, the expression of natural or synthetic nucleic acids 

encoding CARs is typically achieved by operably linking a nucleic acid encoding the CAR 

polypeptide or portions thereof to a promoter, and incorporating the construct into an 

expression vector. The vectors can be suitable for replication and integration eukaryotes.  

102181 Methods for producing cells comprising vectors and/or exogenous nucleic acids are 

well-known in the art. See, for example, Sambrook et al. (2001 , Molecular Cloning: A 

Laboratory Manual, Cold Spring Harbor Laboratory, New York). Regardless of the method 

used to introduce exogenous nucleic acids into a host cell or otherwise expose a cell to the 

inhibitor of the present invention, in order to confirm the presence of the recombinant DNA 

sequence in the host cell, a variety of assays may be performed. Such assays include, for 

example, "molecular biological" assays well known to those of skill in the art, such as 

Southern and Northern blotting, RT-PCR and PCR; "biochemical" assays, such as detecting 

the presence or absence of a particular peptide, e.g., by immunological means (ELISAs and 

Western blots) or by assays described herein to identify agents falling within the scope of the 

invention.  

[0219] In some embodiments, the isolated nucleic acid sequence encodes for a CAR 

comprising, or alternatively consisting essentially of, or yet further consisting of an antigen 

binding domain of an anti-LHR antibody, a CD8 a hinge domain, a CD8 a. transmembrane 

domain, a CD28 costimulatory signaling region and/or a 4-11313 costimulatory signaling 

-59-



WO 2016/160618 PCT/US2016/024354 

region, and a CD3 zeta signaling domain. In specific embodiments, the isolated nucleic acid 

sequence comprises, or alternatively consisting essentially thereof, or yet further consisting 

of, sequences encoding (a) an antigen binding domain of an anti-LHR antibody followed by 

(b) a CD8 a hinge domain, (c) a CD8 a transinembrane domain followed by (d) a CD28 

costimulatory signaling region and/or a 4-11B costimulatory signaling region followed by (e) 

a CD3 zeta signaling domain.  

[0220] In some embodiments, the isolated nucleic acid sequence comprises, or alternatively 

consists essentially thereof, or yet further consists of, a Kozak consensus sequence upstream 

of the sequence encoding the antigen binding domain of the anti-LHR antibody. In some 

embodiments, the isolated nuclei acid comprises a polynucleotide conferring antibiotic 

resistance.  

[0221] In some embodiments, the isolated nucleic acid sequence is comprised in a vector.  

In certain embodiments, the vector is a plasmid. In other embodiments, the vector is a viral 

vector. In specific embodiments, the vector is a lentiviral vector.  

[0222] The preparation of exemplary vectors and the generation of CAR expressing cells 

using said vectors is discussed in detail in the examples below. In summary, the expression 

of natural or synthetic nucleic acids encoding CARs is typically achieved by operably linking 

a nucleic acid encoding the CAR polypeptide or portions thereof to a promoter, and 

incorporating the construct into an expression vector. The vectors can be suitable for 

replication and integration eukaryotes. Methods for producing cells comprising vectors 

and/or exogenous nucleic acids are well-known in the art. See, for example, Sambrook et al.  

(2001, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New 

York).  

[02231 In one aspect, the term "vector" intends a recombinant vector that retains the ability 

to infect and transduce non-dividing and/or slowly-dividing cells and integrate into the target 

cell's genome. In several aspects, the vector is derived from or based on a wild-type virus.  

In further aspects, the vector is derived from or based on a wild-type lentivirus. Examples of 

such, include without limitation, human immunodeficiency virus (HIV), equine infectious 

anemia virus (EIAV), simian immunodeficiency virus (SIV) and feline immunodeficiency 

virus (FIV). Alternatively, it is contemplated that other retrovirus can be used as a basis for a 
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vector backbone such murine leukemia virus (MLV). It will be evident that a viral vector 

according to the disclosure need not be confined to the components of a particular virus. The 

viral vector may comprise components derived from two or more different viruses, and may 

also comprise synthetic components. Vector components can be manipulated to obtain 

desired characteristics, such as target cell specificity.  

102241 The recombinant vectors of this disclosure are derived from primates and non

primates. Examples of primate lentiviruses include the human immunodeficiency virus 

(HIV), the causative agent of human acquired immunodeficiency syndrome (AIDS), and the 

simian immunodeficiency virus (SIV). The non-primate lentiviral group includes the 

prototype "slow virus" visna/maedi virus (VMV), as well as the related caprine arthritis

encephalitis virus (CAEV), equine infectious anemia virus (EIAV) and the more recently 

described feline immunodeficiency virus (FIV) and bovine immunodeficiency virus (BIV).  

Prior art recombinant lentiviral vectors are known in the art, e.g., see US Patent Nos.  

6,924,123; 7,056,699; 7,07,993; 7,419,829 and 7,442,551, incorporated herein by reference.  

[0225] U.S. Patent No. 6,924,123 discloses that certain retroviral sequence facilitate 

integration into the target cell genome. This patent teaches that each retroviral genome 

comprises genes called gag, pol and env which code for virion proteins and enzymes. These 

genes are flanked at both ends by regions called long terminal repeats (LTRs). The LTRs are 

responsible for proviral integration, and transcription. They also serve as enhancer-promoter 

sequences. In other words, the LTRs can control the expression of the viral genes.  

Encapsidation of the retroviral RNAs occurs by virtue of a psi sequence located at the 5' end 

of the viral genome. The LTRs themselves are identical sequences that can be divided into 

three elements, which are called U3, R and U5. U3 is derived from the sequence unique to 

the 3 end of the RNA. R is derived from a sequence repeated at both ends of the RNA, and 

U5 is derived from the sequence unique to the 5'end of the RNA. The sizes of the three 

elements can vary considerably among different retroviruses. For the viral genome. and the 

site of poly (A) addition (termination) is at the boundary between R and U5 in the right hand 

side LTR. U3 contains most of the transcriptional control elements of the provirus, which 

include the promoter and multiple enhancer sequences responsive to cellular and in some 

cases, viral transcriptional activator proteins.  
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102261 With regard to the structural genes gag, pol and env themselves, gag encodes the 

internal structural protein of the virus. Gag protein is proteolytically processed into the 

mature proteins MA (matrix), CA (capsid) and NC (nucleocapsid). The pol gene encodes the 

reverse transcriptase (RT), which contains DNA polymerase, associated RNase H4 and 

integrase (IN), which mediate replication of the genome.  

102271 For the production of viral vector particles, the vector RNA genome is expressed 

from a DNA construct encoding it, in a host cell. The components of the particles not 

encoded by the vector genome are provided in trans by additional nucleic acid sequences (the 

"packaging system", which usually includes either or both of the gag/pol and env genes) 

expressed in the host cell. The set of sequences required for the production of the viral vector 

particles may be introduced into the host cell by transient transfection, or they may be 

integrated into the host cell genome, or they may be provided in a mixture of ways. The 

techniques involved are known to those skilled in the art.  

[02281 Retroviral vectors for use in this disclosure include, but are not limited to 

Invitrogen's pLenti series versions 4, 6, and 6.2 "ViraPower" system Manufactured by 

Lentigen Corp.; pHIV-7-GFP, lab generated and used by the City of Hope Research Institute; 

"Lenti-X" lentiviral vector, pLVX, manufactured by Clontech; pLKO. I-puro, manufactured 

by Sigma-Aldrich; pLemiR, manufactured by Open Biosystems; and pLV, lab generated and 

used by Charite Medical School, Institute of Virology (CBF), Berlin, Germany.  

[0229] Regardless of the method used to introduce exogenous nucleic acids into a host cell 

or otherwise expose a cell to the inhibitor of the present disclosure, in order to confirm the 

presence of the recombinant DNA sequence in the host cell, a variety of assays may be 

performed. Such assays include, for example, "molecular biological" assays well known to 

those of skill in the art, such as Southern and Northern blotting, RT-PCR and PCR; 

"biochemical" assays, such as detecting the presence or absence of a particular peptide, e.g., 

by immunological means (ELISAs and Western blots) or by assays described herein to 

identify agents falling within the scope of the disclosure.  

[0230] Packaging vector and cell lines. CARs can be packaged into a retroviral packaging 

system by using a packaging vector and cell lines. The packaging plasmid includes, but is not 

limited to retroviral vector, lentiviral vector, adenoviral vector, and adeno-associated viral 

-62-



WO 2016/160618 PCT/US2016/024354 

vector. The packaging vector contains elements and sequences that facilitate the delivery of 

genetic materials into cells. For example, the retroviral constructs are packaging plasmids 

comprising at least one retroviral helper DNA sequence derived from a replication

incompetent retroviral genome encoding in trans all virion proteins required to package a 

replication incompetent retroviral vector, and for producing virion proteins capable 

of packaging the replication-incompetent retroviral vector at high titer, without the 

production of replication-competent helper virus. The retroviral DNA sequence lacks the 

region encoding the native enhancer and/or promoter of the viral 5' LTR of the virus, and 

lacks both the psi function sequence responsible for packaging helper genome and the 3' 

LTR, but encodes a foreign polyadenylation site, for example the SV40 polyadenylation site, 

and a foreign enhancer and/or promoter which directs efficient transcription in a cell type 

where virus production is desired. The retrovirus is a leukemia virus such as a Moloney 

Murine Leukemia Virus (MMLV), the Human Immunodeficiency Virus (HIV), or the 

Gibbon Ape Leukemia virus (GALV). The foreign enhancer and promoter may be the human 

cytomegalovirus (HCMV) immediate early (IE) enhancer and promoter, the enhancer and 

promoter (U3 region) of the Mooney Murine Sarcoma Virus (MIMSV), the U3 region of 

Rous Sarcoma Virus (RSV), the U3 region of Spleen Focus Forming Virus (SF FV), or the 

I-iCMV IF enhancerjoined to the native Moloney Murine Leukemia Virus (MMLV) 

promoter. The retroviral packaging plasmid may consist of two retroviral helper DNA 

sequences encoded by plasmid based expression vectors, for example where a first helper 

sequence contains a cDNA encoding the gag and pol proteins of ecotropic MMLV or GALV 

and a second helper sequence contains a cDNA encoding the env protein. The Env gene, 

which determines the host range, may be derived from the genes encoding xenotropic, 

amphotropic, ecotropic, polytropic (mink focus forming) or IOAI murine leukemia virus env 

proteins, or the Gibbon Ape Leukemia Virus (GALV env protein, the Human 

Immunodeficiency Virus env (gp 160) protein, the Vesicular Stomatitus Virus (VSV) G 

protein, the Humnan T cell leukemia (H TLV) type I and I env gene products, chimeric 

envelope gene derived from combinations of one or more of the aforementioned env genes or 

chimeric envelope genes encoding the cytoplasmic and transmembrane of the aforementioned 

env gene products and a monoclonal antibody directed against a specific surface molecule on 

a desired target cell.  
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102311 In the packaging process, the packaging plasmids and retroviral vectors expressing 

the LHR are transiently cotransfected into a first population of mammalian cells that are 

capable of producing virus, such as human embryonic kidney cells, for example 293 cells 

(ATCC No. CRL1573, ATCC, Rockville, Md.) to produce high titer recombinant retrovirus

containing supernatants. In another method of the invention this transiently transfected first 

population of cells is then cocultivated with mammalian target cells, for example human 

lymphocytes, to transduce the target cells with the foreign gene at high efficiencies. In yet 

another method of the invention the supernatants from the above described transiently 

transfected first population of cells are incubated with mammalian target cells, for example 

human lymphocytes or hematopoietic stem cells, to transduce the target cells with the foreign 

gene at high efficiencies.  

[02321 In another aspect, the packaging plasmids are stably expressed in a first population 

of mammalian cells that are capable of producing virus, such as human embryonic kidney 

cells, for example 293 cells. Retroviral or lentiviral vectors are introduced into cells by either 

cotransfection with a selectable marker or infection with pseudotyped virus. In both cases, the 

vectors integrate. Alternatively, vectors can be introduced in an episomally 

maintained plasmid. High titer recombinant retrovirus-containing supernatants are produced.  

[02331 Activation and Expansion of T Cells. Whether prior to or after genetic 

modification of the T cells to express a desirable CAR, the T cells can be activated and 

expanded generally using generally known methods such as those described in U.S.  

Patent Nos. 6,352,694; 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466; 

6,905,681 ; 7, 144,575, 7,067,318; 7, 172,869; 7,232,566; 7, 175,843; 5,883,223; 

6,905,874; 6,797,514; 6,867,04 1. Stimulation with the B7-4 antigen ex vivo can activate 

and expand the selected CAR expressing T-cell subpopulation. Alternatively, the T-cells 

may be activated in vivo by interaction with LHR antigen.  

[0234] Methods of activating relevant cells are well known in the art and can be readily 

adapted to the present application; an exemplary method is described in the examples below.  

Isolation methods for use in relation to this disclosure include, but are not limited to Life 

Technologies Dynabeads@k system activation and expansion kits; BD Biosciences 

Phosflow1 M activation kits, Miltenyi Biotec MACSTMI activation/expansion kits, and other 

commercially available cell kits specific to activation moieties of the relevant cell. Particular 
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subpopulations of immune cells may be activated or expanded through the use of beads or 

other agents available in such kits . For example, a-CD3/a-CD28 Dynabeads@ may be used 

to activate and expand a population of isolated T-cells 

[02351 As disclosed above, chimeric antigen receptors comprise an antigen recognition 

moiety and a cell activation moiety. Aspects of the present disclosure related to a 

chimeric antigen receptor (CAR) comprising an antigen binding domain specific to LHR.  

[0236] In one embodiment, the CAR of the present disclosure is characterized in that it 

comprises, or alternatively consists essentially of, or yet further consists an antigen binding 

domain of an anti-luteinizing hormone receptor ("LHR") antibody, a CD8 a hinge 

domain; a CD8 a transmembrane domain; a CD28 and/or a 4-1 BB costimulatory 

signaling region; and a CD3 zeta signaling domain.  

[0237] In another embodiment, the antigen binding domain of the anti-LHR antibody 

comprises an anti-LHR heavy chain variable region and an anti-LHR light chain variable 

region. As apparent to the skilled artisan, antibodies having the detailed elements are also 

within the scope of this disclosure.  

[0238] In one aspect, the heavy chain variable region comprises, or alternatively consists 

essentially of, or yet further consists of an heavy chain amino acid sequence from any LHR 

antibody subclones of 5F4-21, 4A7-4, 138-2, and 8B7-3, and the light chain variable region 

comprises, or alternatively consists essentially of, or yet further consists of the light chain 

amino acid sequence from any LH-R antibody subclones of 514-21, 4A7-4, 138-2., and 8B7-3, 

or equivalents thereof, as follows: 

102391 LHR Antibody #5F4-21 Heavy Chain Amino Acid Sequence, SEQ LID NO.: I 

EVQLQESGPDL\VKPSQSLSLTCT\VTGYSITSGYGWHWIRQFPGNKLEWMGYIHYSGSTTYNP 

SLKSRISISRDTSKNQFFLQLNSVTTEDTATYYCARSLRYWGQCTTLTVSS 

[0240] LHR Antibody 44A7-4 leavy Chain Amino Acid Sequence, SEQ ID NO.: 2 

QVQLKESGPGLVAPSQSLSITCTVSGFSLTTYGVSWVRQPPGKGLEWLGVIWGDGST 

YYI-iSALISRISISKDNSKSQVFLKLNSLQTDDTATYYCAEGS SLIFAYWGQGTL VTVS 

A 
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[0241] LHR Antibody #138-2 Heavy Chain Amino Acid Sequence, SEQ ID NO.: 3 

EVQLEQSGGGLVQPGGSRKLSCAASGFTFSSFGMIHWVRQAPEKG LEWVAYISSGSS 

TLHYADTVKGRFTI SRDNPKN TLFLQMKLPSLCYGLLGSRNLSHRLL 

[02421 LHR Antibody #8B7-3 Heavy Chain Amino Acid Sequence, SEQ ID NO.: 4 

QVKLQQSGPELVKPGAS VKISCKASGYSFTGYYMH-{WVKQSHGNILDWIGYIYPYNG 

VSSYNQKFKGKATLT VI)KSS STAYMIELRSL TS ED SAVYYCARIERGLYQI RAM DYW 

GQGTSVTVSS 

[0243] LHR Antibody #5F4-2 I Light Chain Amino Acid Sequence, SEQ ID NO 5 

DIVM TQ T PA IMSAS PG QKVTITC SASS SVNYMIWYQQ KLG SSPKL WIY'DT SKLAPGV 

PARFSGSGSGTSYSLTIS SMEAEDAASYFCHQWS SYPYTFGSGTKLEIK 

[02441 LHR Antibody #4A7-4 Light Chain Amino Acid Sequence, SEQ ID NO: 6 

DIVMTQSPSSLT VTAGEKVTMSCKSSQSLLNSGN QKNYLT WYQQKPGQPPKLLIYWAS 

TRQSGVPDRFTGSGSGTDFTLTISSVQAEDXAVYYCQNDYSYPLTFGSGTKLEIK 

[0245] LHR Antibody #138-2 Light Chain Amino Acid Sequence, SEQ ID NO: 7 

DIVLTQTPSSLSASLGDTITITC-IHASQNINVWLFWYQQKPGNIPKLLIYKASNLLTGVP 

SRFSGSGSGTGFTLTISSLQPEDIATYYCQQGQSFPWTFGGGTKLEIK 

[0246] LIHR Antibody #8B7-3 Light Chain Amino Acid Sequence, SEQ ID NO: 8 

DIVL TQTPIATLS VTPGDSVSLSCRASQSISNN-LHWYQQKSHE SPRLLIKNASQSISGIPS 

KFSGSGSGTDFTLRINSVETEDFGMYFCQQSNSWPYTFGSGTKLEI-K 

[0247] In another aspect, the heavy chain and light chain amino acid sequences of antibody 

subclones of 5F4-21, 4A7-4, 138-2, and 8B7-3 are aligned with ClustalW2 

(http://www.ebi.ac.uk/Tools/rMsa/clustalw2/) to determine the consensus sequences for heavy 

chain and light chain by using Boxshade 

(http://www.ch.embnet.org/software/BOX forn.html). The alignment and consensus 

sequence analysis results are shown in Figure 7. Accordingly the heavy chain variable region 

comprises, or alternatively consists essentially of, or yet further consists of a polypeptide with 

a consensus sequence selected from SEQ I[) N()s: 9-11, and an anti-L[IR light chain variable 

region comprises, or alternatively consists essentially of, or yet further consists of a 
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polypeptide with a consensus sequence selected from SEQ ID NOs.:12-15 (or an equivalent 

thereof) as follows: 

[0248] SEQ I) NO: 9 

ISISRDNSK 

[02491 SEQ ID NO: 10 

VFLQLNSLTTE DTATYYCARGS 

102501 SEQ D NO: 11 

LRYWGQGTLVTV 

[0251] SEQ ID NO: 12 

SPGDKVT ITC-HASQ SINN 

[02521 SEQ ID NO: 13 

YLHFIWYQQ KPGNSP KLLIY 

[0253] SEQ 1D NO: 14 

LSGVPSRFSGSGSGTDFTLTISSV 

[0254] SEQ ID NO: 15 

QSYIYTFGSGTKLEIK 

[0255] In one aspect, the heavy chain variable region comprises or alternatively consists 

essentially of, or yet further consists of a CDRI comprising the amino acid sequence of 

GYSITSGYG (SEQ ID NO.: 16) or an equivalent of each thereof; and/or a CDR2 comprising 

the amino acid sequence of IHYSGST (SEQ ID NO.: 19) or an equivalent of each thereof; 

and/or a C[)R3 compri sing the amino acid sequence of ARSLRY (SEQ ID NO.: 22) or an 

equivalent of each thereof; and/or the light chain variable region comprises or alternatively 

consists essentially of, or yet further consists of a CIDRI comprising the amino acid sequence 

of SSVNY (SEQ ID NO.:25) or an equivalent of each thereof; and/or a CDR2 comprising the 

amino acid sequence of DTS (SEQ ID NO:28) or an equivalent of each thereof; and/or a 

CDR3 comprising the amino acid sequence of HQWSSYPYT (SEQ ID NO:3 1) or an 

equivalent of each thereof Additional amino acids, as disclosed herein, can be added to the 

carboxy terminus.  
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102561 In another aspect, the heavy chain variable region comprises, or alternatively 

consists essentially of, or yet further consists of a CDRI comprising the amino acid sequence 

of GFSLTTYG (SEQ ID NO.: 17) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IWGDGST (SEQ ID NO.: 20) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ ID 

NO.: 23) or an equivalent of each thereof; and/or the light chain variable region comprises, or 

alternatively consists essentially of, or yet further consists of a CDRi comprising the amino 

acid sequence of QSLLNSGNQKNY (SEQ ID NO.:26) or an equivalent of each thereof; 

and/or a CDR2 comprising the amino acid sequence of WAS (SEQ ID NO:29) or an 

equivalent of each thereof; and/or a CDR3 comprising the amino acid sequence of 

QNDYSYPLT (SEQ ID NO:32) or an equivalent of each thereof. Additional amino acids, as 

disclosed herein, can be added to the carboxy terminus.  

[0257] In another aspect, the heavy chain variable region comprises, or alternatively 

consists essentially of, or yet further consists of a CDR.1 comprising the amino acid sequence 

of GYSFTGYY (SEQ ID NO.: 18) or an equivalent of each thereof; and/or a CDR2 

comprising the amino acid sequence of IYPYNGVS (SEQ ID NO.: 21) or an equivalent of 

each thereof; and/or a CDR3 comprising the amino acid sequence of ARERGLYQLRAMDY 

(SEQ ID NO.: 24) or an equivalent of each thereof; and/or the light chain variable region 

comprises, or alternatively consists essentially of, or yet further consists of a CDRl 

comprising the amino acid sequence of QSISNN (SEQ ID NO.:27) or an equivalent of each 

thereof; and/or a CDR2 comprising the amino acid sequence of NAS (SEQ ID NO:30) or an 

equivalent of each thereof; and/or a CDR3 comprising the amino acid sequence of 

QQSNSWPYT (SEQ ID NO:33) or an equivalent of each thereof. Additional amino acids, 

as disclosed herein, can be added to the carboxy terminus.  

[0258] In another embodiment, the CAR comprises, or alternatively consists essentially of, 

or yet further consists of a linker polypeptide located between the anti-LHR heavy chain 

variable region and the anti-LHR light chain variable region.  

[0259] In some aspects of the disclosure, the LHR CAR further comprises, or alternatively 

consists essentially of, or yet further consists of a detectable marker or a purification marker.  
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102601 In some embodiment, the LHR CAR, further comprises, or alternatively consists 

essentially of, or yet further consists of antigen binding domain derived from an antibody 

against MJC-16 or mesothelin.  

[02611 In one embodiment, the disclosure provides an isolated nucleic acid sequence 

comprising, or alternatively consisting essentially of, or yet further consisting of a nucleic 

acid sequence, or an equivalent thereof, of one or more than one of a polynucleotide selected 

from LHR antibody #5F4-21 heavy chain DNA sequence, LHR antibody #5F4-21 light chain 

DNA sequence, LHR antibody #4A7-4 heavy chain DNA sequence, LHR antibody #4A7-4 

light chain DNA sequence, LHR antibody i#138-2 heavy chain DNA sequence, LHR antibody 

#138-2 light chain DNA sequence, LIR antibody #8137-3 heavy chain DNA sequence, LHR 

Antibody #8B7-3 light chain DNA sequence as follow 

[0262] LHR Antibody #5F4-2 1 Heavy Chain DNA Sequence, SEQ ID NO: 34 

GAAGTGCAGCTGCAGGAGTCAGGACCTGACCTGGTGAAACCTTCTCAGTCACTTTCACTC 

ACCTGCACTGTCACCGGCTACTCCATCACCAGTGGTTATGGCTGGCACTGGATCCGGCAG 

TTTCCAGGAAACAAACTGGAGTGGATGGGCTACATACACTACAGTGGTAGCACTACCTA 

CAACCCATCTCTCAAAAGTCGAATCTCTATCTCTCGAGACACATCCAAGAATCAGlTCTT 

CCTYGCAGTT-'IGAA'TT-CTYGTG'ACTA,,CT-GAGGACACAGCCACATIA'TTAC'TGT--GCAAGAT--CCT'T 

ACGCTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA 

[0263] LHR Antibody #5F4-21 Light Chain DNA Sequence, SEQ ID NO: 35 

GATATTGTGATGACACAGACTCCAGCAATCATGTCTGCATCTCCAGGGCAGAAA 

GITCACCATAAC;CTGCIAGTGICC AGTTC AAGTGITAAATT ACATGCI'ACTGG(T ACC (AGC 

AGAAGC"TAGGATC CTCCCCCAAACTCTGGATTTATGACAC ATCCAAACTGGCTCC 

TGGAGTCCCTGCTCGCTTCAGTGGCAGTGGGTCTGGGACCTCTTACTCTCTCACA 

ATCAGCAGCATGGAGGCTGAAGATGCTGC CTCTTATTTCTGCCATCAGTGGAGTA 

GTTACCCATATACGTTCGGATCGGGGACCAAGCTGGAAATAAAA 

[0264] LHR Antibody #4A7-4 Heavy Chain DNA Sequence, SEQ ID NO: 36 

CAGGTGCAGC TGAAGGAGTC AGGACCTGC C TGGTGGC GC C CTC ACAGAGC C TGTC 

CATCACATGCACTGTCTCAGGGTTCTCATTAACCACCTATGGTGTAAGCTGGGTTCG 

CCAGCCTCCACGAAACjGTCTGGAGTGCGCTCGGAGTAATATGGGGTGACGGGAGC 

ACATATTATCATTCAGCTCTCATATCCAGACTGAGCATCAGCAAGGATAACTCCAA 
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ACT'GFCTCGGAAG{MTAGTlACCCICIfCTCT F''CGCTGiCCAACiGA CTfCT'GGTCACTI 

GTCTCTGCG 

[02651 I--LHR A\ntibody #4A7-4 L-ight C"hain [)N-ASequenice, SEQ ID NO 37 

GACATTGTGATGACACAGTCTCCATCCTCCCTGANCTGTGACAGCAGGAGAGAAk~GGT 

CACTATGAGCTGCAAGTCCAGTC AGXGTCTGTTAAXACAGTGGAAATCAAAAGAACT 

ACI"T GCCTICCT'ACCAAC AG~AACCAGGiCTCAGCCTICCTAA/,zACTGTGTCTCACTFGG 

GCATCC XCTAGGCAATCTG GGGTCCCTGATCCTTCAC AGGCAGiTGGATCTGGAAC 

AACTT'"CACTICTFCACCATICAGCAGTIGTGCCAjCiCTIGAACTYCCNCj~jCAGTTT~fAIACTI 

GTCAGAANTGATTATAGTTATCCTCTCACGTTCGGANTCGGGGACCAAGCTGGAAATA 

AAA 

102661 LHR Antibody -4138-2 Heavy Chain DNA Sequence, SEQ ID NO: 38 

GAGGTGCAGCTGGAGCAGTCTGGGGGAGGCTTAGTGCAGCCTGGAGGGTCCCGG 

AAACTCC(; TGTGC'i'( (-A(Ii(; CTCTG'](iATCA;TTAGAG TGIiAGAT( 

TTCGTCAGGC TC CAGAGANAGGGGCTGGAGTGGGTC GCATACATTAGTAGTGGCA 

ACAATCCCAAGAACACCCTGTTCCTGCAAATGAAACTACCCTCACTATGCTATGG 

ACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTC 

[02671 LH-R Anti body 4"1I38-2 Light Chain DNA Sequence, SEQ ffD NO. 39 

G.ACATTGTGC TGAkCACAGANCTCCATCCAGTC TGTCTGCATCCC TTGGAGACACAA 

CAGAiAAC CAGGAAATIATT'lCC TAAAC TIf'TTGAT]CTIATfAAGGCTT"C CAATTT'IGCTICA 

CAGGCGTCCCATCAAGGTTTAGTGiGCAGTGGATCTGGAACAGGTTTCACATTAAC 

CATICAGCAGCC T'GCAGCC TGi-AAACATT']GC CAC TTfACTJACTfGTICAAC'AGGGTIC'AA 

AGTTTTCCGTGGA CGTTC GGTGGA GGCACC AA GCTGGA AA TCAAA 

[02681 LIMJ Antibody 48B-1-3 Heavy Chain DNA Sequence, SEQ H-) NO: 40 

CAGGTT"AAGC T'GC AGCAGTIC T'GGAC CCTA-GC T'GGT Gi AGC CTIGGGGCTT"ICAGTIG 

AAGATXTCCTGC AAGGCTTCTGGTTACTCATTCACTGGCTACTACATGCACTGGG 

'FTA-AGC AGiACCAT GGiAA'AATCC CCTTIGGATTI"GGATfATIATTT"IATIC'CTTJACAA 

TGGTGTTTCTAGCTACAAC CAGAkAATTCAAGGGCAAGGCCACATTGANCTGTAGAC 
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CAGTCTATTACTGTGCAAGAGAGAGGGGA TTATATCAAC TAC iGGCTATGGAC T 

ACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 

[0269] LHR Antibody 48B7-3 Light C chain DNA Sequence, SEQ ID NO: 41 

GACATTGTGCTGACACAGACTCCAGCCACCCTGTCTGTGACTCCAGGAGATAGCG 

TCAGTCTTTCCTGCAGGGCCAGCCAAAGTATTAGCAACAACCTACACTGGTATCA 

ACAAAAATCACATGAGTCTCCAAGGCT TCTCATCAAGAA TGC TTCCCAGTCCATC 

TCTGGGATCCCCTCCAAGTTCAGTGGCAGTGGATCAGGGAC AGATTTCACTCTCA 

GAATCAACAGTGTGGAGACTGAAGATT TTGGAATGTATTTC TGTC AACAGAGTAA 

CAGCTGGCCGTATACGTTCGGATCGGGGACCAAGCTGGAAATAAAA 

[0270] In some embodiments, the isolated nucleic acid further comprises, or alternatively 

consists essentially of, or yet further consists of a Kozak consenus sequence located upstream 

of the antigen binding domain of the anti-LHR. antibody.  

[0271] In some aspect of the disclosure, the isolated nucleic sequence further comprises., or 

alternatively consists essentially of, or yet further consists of polynucleotide encoding an 

antibiotic resistance marker.  

[0272] In another embodiment, the disclosure provides a vector comprising, or alternatively 

consisting essentially of, or yet further consisting of the isolated nucleic acid sequence 

encoding the anti-LI-JR CAR polypeptide as disclosed above or a complement thereof In a 

further aspect, the polynucleotide can be incorporated into a vector. Non-limiting examples 

of such include a retroviral vector, a plasmid, a lentiviral vector, an adenoviral vector, and an 

adeno-associated viral vector.  

102731 In one embodiment, the disclosure is an isolated cell comprising, or alternatively 

consisting essentially of, or yet further consisting of an exogenously added polynucleotide 

encoding the anti-LHR CAR as described above alone or in combination with a vector as 

described above; and/or the exogenously added the anti-LHR CAR; as describe above.  

[0274] In one aspect of the disclosure, the isolated cell can be a T-cell or a natural killer 

(NK) cell.  
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Hi. Methods of Use 

[0275] Therapeutic Application. The CAR T-cells of the present invention may be used to 

treat tumors and cancers. The CAR-T cells of the present invention may be administered 

either alone or in combination with diluents, known anti-cancer therapeutics, and/or with 

other components such as cytokines or other cell populations that are immunostimulatory.  

[0276] Method aspects of the present disclosure relate to methods for inhibiting the growth 

of a tumor in a subject in need thereof and/or for treating a cancer patient in need thereof. In 

some embodiments, the tumor is a solid tumor. In some embodiments, the tumors/cancer is 

thyroid, breast, ovarian or prostate tumors/cancer. In some embodiments, the tumor or cancer 

expresses or overexpresses LHR. In certain embodiments, these methods comprise, or 

alternatively consist essentially of, or yet further consist of, administering to the subject or 

patient an effective amount of the isolated cell. In further embodiments, this isolated cell 

comprises a LHR CAR. In still further embodiments, the isolated cell is a T-cell or an NK 

cell. In some embodiments, the isolated cell is autologous to the subject or patient being 

treated. In a further aspect, the tumor expresses L-JR antigen and the subject has been 

selected for the therapy by a diagnostic, such as the one described herein.  

[0277] The CAR cells as disclosed herein may be administered either alone or in 

combination with diluents, known anti-cancer therapeutics, and/or with other components 

such as cytokines or other cell populations that are immunostimulatory. They may be first 

line, second line, third line, fourth line, or further therapy. The can be combined with other 

therapies. Non-limiting examples of such include chemotherapies or biologics. Appropriate 

treatment regimes will be determined by the treating physician or veterinarian.  

[0278] Pharmaceutical compositions comprising the LI-R CAR of the present invention 

may be administered in a manner appropriate to the disease to be treated or prevented. The 

quantity and frequency of administration will be determined by such factors as the condition 

of the patient, and the type and severity of the patient's disease, although appropriate dosages 

may be determined by clinical trials.  

[0279] In another aspect, the disclosure provides a method of inhibiting the growth of a 

solid tumor in a subject in need thereof, comprising administering to the subject an effective 

amount of the isolated cell of anti-LHR CAR T-cell. In one embodiment, the isolated T-cells
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are autologous to the subject being treated. In another embodiment, the tumor is ovarian 

tumor or a prostate cancer tumor. The method of inhibiting the growth of a tumor can be 

applied to a subject including but not limited to human, dog, cat, horse, and other species.  

[02801 In another aspect, the disclosure provides a method of treating a cancer patient in 

need thereof, comprising, or alternatively consisting essentially of, or yet further consisting of 

administering to the subject an effective amount of the isolated cell of anti-LHR T-cell. The 

isolated T-cells can be autologous to the subject being treated. The tumor is ovarian cancer 

or a prostate cancer. In one embodiment, the subject treated for cancer is a human patient.  

[0281] In one embodiment, the disclosure provides a method for determining if a patient is 

likely to respond or is not likely to anti-LHR CAR therapy, comprising, or alternatively 

consisting essentially of, or yet further consisting of contacting a tumor sample isolated from 

the patient with an effective amount of an anti-LHR antibody and detecting the presence of 

any antibody bound to the tumor sample, wherein the presence of antibody bound to the 

tumor sample indicates that the patient is likely to respond to the anti-LHR CAR therapy and 

the absence of antibody bound to the tumor sample indicates that the patient is not likely to 

respond to the anti-CAR therapy. In another embodiment, the method further comprises 

administering an effective amount of the anti-LIHR CAR therapy to the patient that is 

determined likely to respond to the anti-LHR CAR therapy. In this method, the patient can 

suffer from ovarian cancer or prostate cancer.  

[0282] The present disclosure also provides diagnostic methods for determining the 

expression level of LHR. In one particular aspect, the present disclosure provides kits for 

performing these methods as well as instructions for carrying out the methods of the present 

disclosure such as collecting tissue and/or performing the screen, and/or analyzing the results.  

[02831 In one embodiment, the disclosure provides a method of detecting LHR in a 

biological sample comprising, or alternatively consisting essentially of, or yet further 

consisting of contacting the sample with an anti-LHR antibody or an antigen binding 

fragment capable of binding a peptide comprising SEQ ID NOs: 42 and 43, and detecting a 

complex formed by the binding of the antibody or antigen binding fragment to LHR.  

[0284] In one aspect, the sample comprises a cell sample or a tissue sample.  
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102851 In one aspect, the sample is obtained from a subject that is diagnosed as having, 

suspected as having, or at risk of having cancer.  

[0286] In another aspect, the cancer is prostate cancer or ovarian cancer. In a further 

aspect, the cancer cell or tumor cell expresses or overexpresses LHR.  

[02871 In one aspect, the detection comprises, or alternatively consists essentially of, or yet 

further consists of one or more of immunohistochemistry (IHC), Western blotting, Flow 

cytometry or ELISA.  

[0288] In one aspect, the method comprises, or alternatively consists essentially of, or yet 

further consists of isolating the biological sample from the subject.  

[0289] In one aspect, the subject is a mammal.  

[02901 In another aspect, the mammal is selected from the group of: a human, an animal, a 

non-human primate, a dog, cat, a sheep, a mouse, a horse, or a cow.  

[0291] In one embodiment, the disclosure provides a method of detecting a pathological 

cell in a sample isolated from a subject, comprising, or alternatively consisting essentially of, 

or yet further consisting of (a) detecting the level of LHR in a biological sample from the 

subject by detecting a complex formed by an anti-LHR antibody or an antigen binding 

fragment capable of binding a peptide comprising SEQ ID NOs: 42 and 43; and (b) 

comparing the levels of LHR observed in step (a) with the levels of LHR observed in a 

control biological sample; wherein the pathological cell is detected when the level of LHR is 

elevated compared to that observed in the control biological sample.  

[0292] In one aspect, the biological sample of the subject comprises, or alternatively 

consists essentially of, or yet further consists of one or more of a sample isolated from 

prostate and ovary.  

[0293] In another aspect, the detection comprises, or alternatively consists essentially of, or 

yet further consists of one or more of immunohistochemistry (IC), Western Blotting, Flow 

cytometry or ELISA.  

[02941 In one aspect, the method comprises, or alternatively consists essentially of, or yet 

further consists of isolating the biological sample from the subject.  

[0295] In one aspect, the subject is a mammal.  
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102961 In another aspect, the mammal is selected from the group of: a human, an animal, a 

non-human primate, a dog, cat, a sheep, a mouse, a horse, or a cow.  

L Carriers 

[0297] Additional aspects of the invention relate to compositions comprising a carrier and 

one or more of the products - e.g., an isolated cell comprising a HLA-G CAR, an isolated 

nucleic acid, a vector, an isolated cell of any anti-HLA-G antibody or CAR cell, an anti

HLA-G - described in the embodiments disclosed herein.  

[0298] Briefly, pharmaceutical compositions of the present invention including but not 

limited to any one of the claimed compositions may comprise a target cell population as 

described herein, in combination with one or more pharmaceutically or physiologically 

acceptable carriers, diluents or excipients. Such compositions may comprise buffers such as 

neutral buffered saline, phosphate buffered saline and the like; carbohydrates such as glucose, 

nannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as 

glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., 

aluminum hydroxide); and preservatives. Compositions of the present disclosure may be 

formulated for oral, intravenous, topical, enteral, and/or parenteral administration. In certain 

embodiments, the compositions of the present disclosure are formulated for intravenous 

administration.  

[0299] Briefly, pharmaceutical compositions of the present invention including but not 

limited to any one of the claimed compositions may comprise a target cell population as 

described herein, in combination with one or more pharmaceutically or physiologically 

acceptable carriers, diluents or excipients. Such compositions may comprise buffers such as 

neutral buffered saline, phosphate buffered saline and the like; carbohydrates such as glucose, 

mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as 

glycine;antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., 

aluminum hydroxide); and preservatives. Compositions of the present invention are 

preferably formulated for intravenous administration.  

[0300] Pharmaceutical compositions of the present invention may be administered in a 

manner appropriate to the disease to be treated or prevented. The quantity and frequency of 

administration will be determined by such factors as the condition of the patient, and the type 
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and severity of the patient's disease, although appropriate dosages may be determined by 

clinical trials.  

[0301] The following examples are provided to illustrate, and not limit the disclosure.  

EXAMPLES 

EXAMPLE 1 - Generation of [Mouse Anti-LIHR Monoclonal Antibodies 

[03021 Antibodies against the lysine rich extracellular hormone binding domain of LHR 

were generated by repeated immunization of 4 week-old-BALB/c and N1-IH Swiss mice with 

genetically engineered LHR-Fc. As shown below in FIG. 3, the leader sequence and first 

part of the human LHR G-protein was used to generate the LHIR-Fc used in the immunization 

and screening methods to generate and identify high binding antibodies. Since flow 

cytometry has previously been shown to be the best predictor of functional antibodies for 

CAR generation, this method was used to identify potential candidate antibodies from over 7 

fusions performed in the laboratory. A typical flow cytometry screen of hybridomas positive 

by initial ELISA screen using L-HR-Fe coated plates is shown below in FIG. 4 using the ES-2 

ovarian carcinoma cell line. As seen in this figure with hybridoma 8B7, only rare LHR 

hybridomas were shown to produce high MFI by flow cytometry. These few candidate 

hybridomas were then subcloned by dilution in 96 well plates and expanded for freezing in 

vials. After further screening by flow cytometry, specific subclones were selected for large 

scale production using 2L vessels (GRrex, 100L, Wolfson). Filtered supernatants were then 

subjected to antibody purification using tandon protein A or G and ion exchange 

chromatography methods performed routinely in the laboratory. Once purified, five antibody 

subclones designated 8B7-3, 5F4-21, 5B1-1, 2H1 1-37, and 138-2 were sequenced to facilitate 

the engineering of single chain genes used for the construction of L-R CARs described 

below. For comparison, the 5 selected hybridoma subclones were tested on the ES-2 human 

ovarian carcinoma cell line by flow cytometry to demonstrated their relative mean 

fluorescence intensity (MFI) (FIG. 5).  

EXAMPLE 2 - Anti-L HR Monoclonal Antibodies Detecting the Expression of LH R in 

Ovarian Cancer 

[0303] The overall hypothesis is that ovarian cancer can be treated effectively and safely 

with LHR chimeric antigen receptor modified T-cells. As a target, LHR has significant 
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advantages over other targets due to its common expression on ovarian cancers and its lack of 

expression on normal human tissues. LHR CAR T-cells are produced in vitro and in vivo to 

identify a potential clinical candidate for subsequent clinical trials or use with dual targeting 

CAR modified T-cells.  

Construction and synthesis single chain LHR antibody genes 

[0304] The DNA sequences for the 5 high binding anti-LHR antibodies (8137-3, 5F4-21, 

5B1-1, 2H1 1-37, and 138-2) were sequenced by MCLAB (South San Francisco, CA). All 

five antibodies are tested to determine which one produces the most effective CAR in assays 

described below. As shown below in FIG. 6, third generation CAR vectors were constructed 

consisting of the following tandem genes: a kozak consensus sequence; the CD8 signal 

peptide; the anti-LHR heavy chain variable region; a (Glycine4Serine)3 flexible polypeptide 

linker; the respective anti-IHR light chain variable region; CD8 hinge and transnembrane 

domains; and the CD28, 4-11313, and CD3; intracellular co-stimulatory signaling domains.  

Hinge, transmembrane, and signaling domain DNA sequences were known in the art (see US 

Patent Application No. 20130287748 Al). Anti-L-JR CAR genes can be synthesized within 

a pUC57 vector backbone containing a beta-lactamase ("bla") gene, which confers ampicillin 

resistance to the vector host. The pUC57 vector sequence is disclosed herein by referring to 

GeneBank accession No. Y 14837 with the sequence of the beta-lactamase gene disclosed in 

the listed GeneBank accession No. The sequence associated with the listed GeneBank 

Accession number is herein incorporated by reference.  

Subeloning of CAR genes into lentiviral plasmids 

[0305] NovaBlue SinglesTM chemically-competent E coli cells were transformed with anti

LH-[R plasmid cDNA. Following growth of the transformed E. coli cells, the CAR plasmids 

were purified and digested with the appropriate restriction enzymes inserted into an HIV- 1

based lentiviral vector containing HIV-1 long terminal repeats (LTRs), packaging signal ('F), 

EF Ia promoter, internal ribosome entry site (IRES), and woodchuck hepatitis virus post

transcriptional regulatory element (WPRE) via overnight T4 DNA ligase reaction (New 

England Biosciences; Ipswich, MA). NovaBlue SinglesTM chemically-competent E co/i cells 

are then transformed with the resulting anti-LHR containing lentiviral plasmid.  
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Production of lentiviral particles 

[0306] Prior to transfection, HEK293T cells were seeded at 4.0 x 106 cells/100 mm tissue

culture-treated plate in 10 nL complete-Tet-DMEM and incubated overnight at 370 C in a 

humidified 5% CO2 incubator. Once 80-90% confluent, HEK293T cells were co-transfected 

with CAR-gene lentiviral plasmids and lentiviral packaging plasmids containing genes 

necessary to form lentiviral envelope and capsid components to facilitate the formation of 

plasmid-containing nanoparticles that bind HEK293T cells. After incubating transfected

HEK293T cell cultures for 4 hours at 370 C, the transfection medium was replaced with 10 

mL fresh complete Tet DMEM. HEK293T cells are then incubated for an additional 48 

hours, after which cell supernatants are harvested and tested for lentiviral particles via 

sandwich ELISA against p24, the main lentiviral capsid protein. Lentivirus-containing 

supernatants were aliquoted and stored at ---80'C until use for transduction of target CD4" and 

CD8- T cells.  

Purification, activation, and enrichment of human CD4+ and CD8* peripheral blood T

cells 

103071 Peripheral blood mononuclear cells (PBMCs) enriched by density gradient 

centrifugation with Ficoll-Paque Plus (GE Healthcare; Little Chalfont, Buckinghamshire, 

UK) were recovered and washed by centrifugation with PBS containing 0.5% bovine serum 

albumin (BSA) and 2 mM EDTA. MACS CD4- and CD8' MicroBeads (Miltenvi Biotec; 

San Diego, CA) kits can be used to isolate these human T-cell subsets using magnetically 

activated LS columns to positive select for CD4+ and CD8' T-cells. Magnetically-bound T

cells were then removed from the magnetic MACS separator, flushed from the LS column, 

and washed in fresh complete medium. The purity of CD4_ and CD8I T-cell populations 

were assessed by flow cytometry using Life Technologies Acoustic Attune® Cytoneter, and 

were enriched by Fluorescence-Activated Cell Sorting performed at USC's flow cytometry 

core facilities if needed. CD4' and CD8' T-cells were maintained at a density of 1.0 x 106 

cells/mL in complete medium supplemented with 100 IU/mL [L-2 in a suitable cell culture 

vessel, to which a-CD3/a-CD28 Human T-cell Dynabeads (Life Technologies; Carlsbad, 

CA) were added to activate cultured T cells. T-cells were incubated at 370 C in a 5% CO 2 

incubator for 2 days prior to transduction with CAR-lentiviral particles.  
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Lentiviral transduction of (D4* CD8* T-cells 

[0308] Activated T-cells are collected and dead cells were removed by Ficoll-Hypaque 

density gradient centrifugation or the use of MACS Dead Cell Removal Kit (Miltenvi Biotec; 

San Diego, CA). In a 6-well plate, activated T-cells were plated at a concentration of 1.0 x 

106 cells/ nL complete medium. To various wells, LI-IR CAR containing lentiviral particles 

were added to cell suspensions at varying multiplicity of infections (MOIs), such as 1, 5, 10, 

and 50. Polybrene, a cationic polymer that aids transduction by facilitating interaction 

between lentiviral particles and the target cell surface, was added at a final concentration of 4 

pg/mL. Plates are centrifuged at 800 x g for 1 hour at 32'C. Following centrifugation, 

lentivirus-containing medium was aspirated and cell pellets are re-suspended in fresh 

complete medium with 100 IU/mL IL-2. Cells were placed in a 5% CO 2 humidified 

incubator at 370 C overnight. Three days post-transduction, cells were pelleted and re

suspended in fresh complete medium with IL-2 and 400 pg/mL Geneticin (G418 sulfate) 

(Life Technologies; Carlsbad, CA). LHR CAR modified T-cells are assessed by flow 

cytometry and southern blot analysis to demonstrate successful transduction procedures.  

Prior to in vitro and in vivo assays, LIR CAR T-cells were enriched by FACS and mixed 1:1 

for the in vivo studies.  

In vitro assessment of CAR efficacy by calcein-release cytotoxicity assays 

[03091 LHR antigen positive and negative target cells were collected, washed, and re

suspended in complete medium at a concentration of 1.0 x 106 cells/mL. Calcein

acetoxymethyl (AM) was added to target cell samples at 15 [M, which was then incubated at 

37'C in a 5% CO2 humidified incubator for 30 minutes. Dyed positive and negative target 

cells were washed twice and re-suspended in complete medium by centrifugation and added 

to a 96-well plate at 1.0 x 104 cells/well. LHR CAR T-cells was added to the plate in 

complete medium at effector-to-target cell ratios of 50:1, 5:1, and 1: 1. Dyed-target cells 

suspended in complete medium and complete medium with 2% triton X- 100 serves as 

spontaneous and maximal release controls, respectively. The plates were centrifuged at 365 x 

g and 20PC for 2 minutes before being placed back in the incubator for 3 hours. The plates 

were then centrifuged for 10 minutes and cell supernatants were aliquoted to respective wells 

on a black polystyrene 96-well plate and assessed for fluorescence on a Bio-Tek@ SynergyTm 

HT microplate reader at excitation and emissions of 485/20 nn and 528/20 nim, respectively.  
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Quantification of human cytokines by Luminex Bioassay.  

[0310] Supernatants of LHR CAR modified T-cells and LHR positive and negative tumor 

cell lines were measured for cytokine secretion as a measure of CAR T-cell activation using 

standard procedures known in the art. Data were compared to medium alone and to cultures 

using unactivated human T-cells to identify background activity. The concentration of IL-2, 

IFN-g, IL-12, and other pertinent cytokines are measured over time during the incubation 

process.  

In vivo assessment of CAR T-cell efficacy in two xenograft ovarian cancer models 

[0311]1 LIHJR CAR T-cells are further evaluated in vivo using two different human ovarian 

cell xenograft tumor models. In the first model, solid human ovarian tumors are established 

subcutaneously in nude mice by injection of 5 x 106 LHR positive ovarian cancer cell lines or 

LHR negative solid tumor cell lines. When the tumors reach 0.5 cm in diameter, groups of 

mice (n:=5) are treated intravenously with I or 3 x 107 human T-cells as negative controls or 

LHR CARs constructed from the most active LHfR antibodies based upon the in vitro study 

results. Tumor volumes are then be measured by caliper 3X/week and volume growth curves 

are generated to demonstrate the effectiveness of experimental treatments over controls. In 

the second tumor model which is modified from Chekmasova et al. (Chekmasova, A.A. et al.  

(2010) Clin. Cancer Res. 16:3594-606). groups (n=5) of NOD/SCID/y-chain -/- 6-8 week old 

female mice (Jackson Laboratories, Inc.) are injected intraperitoneally with 3 x 106 GFP 

transfected tumor cells from L-R positive or negative (control) human cell lines. Unlike 

Chekmasova et al. (Chekmasova, A.A. et al. (2010) Clin. Cancer Res. 16:3594---606) who 

treated mice 7 days after implantation, however, CAR T-cell therapy is not be initiated until 

the establishment of ascites at 3 weeks after implantation. At this time, 1 or 3 X 107 LHR 

CAR T-cell preparations are injected intraperitoneally and.tumor volume is then monitored 

by fluorescent imaging weekly thereafter. Mice showing tumor progression are sacrificed at 

the appropriate time to alleviate morbidity. Kaplan Meier plots of mouse survival are 

generated from the data in order to compare the survival of control and experimental 

treatment groups. At sacrifice, blood and ascites are analyzed for the presence of CAR T

cells using human specific antibodies and flow cytometry. In addition, cytokine secretion is 

quantified by Luminex bead assay (Life Technologies, Inc.) for type 1 and 2 cytokines as a 

measure of CAR T-cell activation.  
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Studies with dual expressing CAR modified T-cells 

[0312] In order to increase the specificity of LHR CAR modified T-cells, dual LHR CAR 

T-cells with either MUC-CD or mesothelin single chains are prepared. The principal of dual 

targeting CAR T-cells has successfully been tested in breast cancer using ERB/2 and MUC I 

(Wilkie, S. et al. (2012) J. Clin. Immunol. 32:1059-1070). mesothelin and a-folate receptor 

(Lanitis, E. et al. (2013) Cancer Immunol. Res. 1:45-53), and PSMA and PSCA for the 

treatment of prostate cancer (Kloss, C.C. et al. (2013) Nat. Biotechnol. 31:71-75). MUC16, 

a mucin family member is over expressed on most ovarian cancers and is an established 

surrogate serum marker (CA125) for the progression and detection of ovarian cancers.  

MUC16 is composed of CA 125, a large domain that gets cleaved, and a retained domain 

(MUC-CD) which contains an extracellular fragment, a transmembrane domain and 

cytoplasmic tail (Rao, T.D. et al. (2010) Appl. Immunohistochem. Mol. Morphology 18:462

472). MUCi6 is also expressed at low levels in the uterus, endometrium, fallopian, tubes, 

ovaries and serosa of the abdominal and thoracic cavities. CAR modified MUC-CD targeted 

T cells exhibited efficient MUC-CD specific cytolytic activity against human ovarian cancer 

cell lines in vitro as well as successful eradication of established peritoneal ovarian tumors in 

SC ID-Beige mice (Chekmasova, A.A. et al. (2010) Clin. Cancer Res. 16:3594-606). Hence, 

MUC-CD is a viable target for CAR therapy and an excellent choice for dual targeting CAR 

modified T-cells to reduce the potential on-target off-tumor effects. Both MUC-CD and 

mesothelin CAR modified T-cells have been shown to be effective, and in combination with 

LHR, may provide a safer alternative if required for optimal clinical use.  

Data and Statistical Analysis Plan 

[0313] For the in vitro calcein-release assays, the percent of target cells lysed are compared 

using a one-way ANOVA, followed by an appropriate multiple comparisons test if 

significance (p < 0.05) is found in the one-way ANOVA. In order to compare survival 

between CAR T-cells used in experimental and control groups in the ascites xenograft model, 

Kaplan Meier plots are constructed and a log rank test used to test for significance (p < 0.05).  

For the subcutaneous tumor model, an ANOVA is used to compare tumor volume curves, 

followed by an appropriate multiple comparison test if significance (p < 0.05) is found in the 

ANOVA.  
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Table 1. Expression of Three Potential Cell Surface Targets (LHIR, mesothelin, 

MUC16) on Nine Human Ovarian Cell Lines Using Flow Cytometry.  

Ovarian Cell LHR Mesothelin MIUC16 

Line 

EF0-27 + 

EF0-21 + + + 

ES-2 + 

HEY + + 

SKOV3 + + 

TO V21G + + 

NIHOVCAR3 + - + 

CAOV3 + - + 

SW626 + 

Table 2. Immunohistochemical expression of LHR, MUC16, and Mesothelin on Panel 

of Human Ovarian Tumors and Tissue Microarrays.  

Position Pathology Diagnosis Grade Stage T pe LIHR MUC16 Mesothelin 

Al Serous papillary I Ic Malignant + + + 

adenocarcinoma 

A2 Serous papillary 2 I Malignant + + + 

adenocarcinoma 

A3 Serous papillary 2 Ib Malignant + -

adenocarcinoma 

A4 Mucinous 1 Ia Malignant + -

adenocarcinom a 

A5 Serous papillary Ic Malignant + + + 

adenocarcinoma with 

necrosis 

A6 Serous papillary 2 I Malignant + + + 

adenocarcinotna 
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A7 Serous papillary 2 lb Malignant + -

adenocarcinoma 

A8 Mucinous 1 Ia Malignant + 

adenocarcinoma 

Bi Mucinous 1-2 Ib Malignant + 

adenocarcinoma 

B2 Clear cell carcinoma I Malignant + + 

B3 Clear cell carcinoma - Ia Malignant + -

B4 Endometrioid 1-2 Ib Malignant + 

adenocarcinoma 

B5 Mucinous 1-2 Ib Malignant + 

adenocarcinoma 

B6 Clear cell carcinoma I Malignant + + 

B7 Clear cell carcinoma Ia Malignant + -

138 Endometrioid 1 lb Malignant + -

adenocarcinoma with 

necrosis 

CI Endometrioid 2 IlIc Malignant + + + 

adenocarcinoma 

C2 Granular cell tumor I Malignant - -

C3 Ovary tissue Normal - -

C4 Ovary tissue Normal + 

C5 Endometrioid 2IIc Malignant + + + 

adenocarcinoma 

C6 Granular cell tumor I Malignant - -

C8 Ovary tissue- Normal - -

Adrenal Pheochromocytoma Malignant - -

glad (tissue marker) 
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Table 3. Normal tissue reactivity of LHR, Mesothelin, and MUCI-6 by 

Immunohistochemistry 

Position Organ Patholoy Tpe LHR MUC16 Mesothelin 

Diagnosis 

Al Cerebellum Normal Normal 

A2 Small Normal Normal 

intestine 

A3 Lung Nornal Normal 

A4 Pituitary Normal Normal 

Gland 

A5 Spleen Normal Normal 

A6 Umbilical Normal Normal 

cord 

BI Cerebral Normal Normal 

cortex 

132 Stomach Normal Normal 

133 Liver Cirrhosis Normal 

B4 Parathyroid Adenoma Normal 

B5 Spinal cord Normial Normal 

B6 Thyroid Normmal Normal 

B7 Tonsil Reactive Inflammation 

C1 Bone marrow Normal Normal - -

C2 Fallopian tube Normal Normal 

C3 Kidney Normal Normal +? +? +? tubules 

tubules tubules? 

C4 Pancreas Normial Normal 

C5 Skin Normal Normal 

C6 Thymus Normal Normal 

C7 Uterus Normal Normal - + 

endometriumn 
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DI Bladder Normal epithelial Normal 

D2 Breast Normal Normal 

D3 Heart Normal Normal 

D4 Ovarv 1 Normal Normal 

D5 Prostate Normal Normal 

D6 Testis Normal Normal 

D7 U terus Normal cervix Normal + 

El Adrenal Normal Normal 

Gland 

E2 Breast iNormal Normal 

E3 Colon Normal Normal 

E4 Lymph node Reactive Inflammation 

E5 Placenta Normal Normal 

E6 Stratified Normal Normal 

muscle 

E7 Urethra Normal Normal + 

Table 4 

Antibody Heavy chain variable region 

CDR1 CDR2 CDR3 

5F4 GYSITSGYG IHYSGST ARSLRY 

(SEQ ID NO: 16) (SEQ ID NO:19) (SEQ ID NO:22) 

4A7 GFSLTTYG ILWGDGST AEGSSLFAY 

(SEQ ID NO:17) (SEQ ID NO:20) (SEQ ID NO:23) 

8B7 GYSFTGYY IYPYNGVS ARERGLYQLRAMI)Y 

(SEQ ID NO:18) (SEQ ID NO:21) (SEQ ID NO:24) 

Antibody Light chain variable region 

CDRI C)R2 CDR3 

5F4 SSV NY DTS IQWSSYPYT 
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(SEQ ID NO:25) (SEQ ID NO:28) (SEQ ID NO:3 1) 

4A7 Q SLLN SGNQKNY WAS QNDYSYP LT 

(SEQ ID NO:26) (SEQ ID NO:29) (SEQ ID NO:32) 

8B7 QSISNN NAS QQSNSWPYrT 

(SEQ ID NO:27) (SEQ ID NO:30) (SEQ ID NO:33) 

Table 5 - LHR Staining in Normal Tissues 

Site total cases staining (positive/total) 

Testis 3 3/3 

Ovar 3 3/3 

Appendix 3 0/3 

Aorta 3 0/3 

Bladder 3 0/3 

Brain 1 0/1 

Esophagus 3 0/3 

Gallbladder 3 0/3 

Heart 3 0/3 

Kidney 3 0/3 

Large intestine 3 0/3 

Liver 3 0/3 

Lung 3 0/3 

Rectum 3 0/3 

Small intestine 3 0/3 

Spleen 3 0/3 
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Thyroid 3 3/3 

Urethra 3 0/3 

Vena cava 3 0/3 

EXAMPLE 3 Anti-LHR CAR TIcells 

Construction of the CAR lentiviral constructs 

[0314] The CAR consists of an extracellular antigen binding moiety or scFV which binds 

LHR. The scFV is connected via a CD8 hinge region to the cytoplasmic signaling domain, 

comprised of the CD8 transmnembrane region, and the signaling domains from CD28, 4-lBB 

and CD3z. The entire CAR sequence including the signaling domains, were synthetically 

synthesized by Genewiz Gene Synthesis Services (Piscataway, NJ) (FIG. 10). The plasmids 

are purified and digested with the appropriate restriction enzymes to be inserted into an HIV

1-based, bicistronic lentiviral vector (pLVX-IRES-ZsGreen, Clontech, Signal Hill, CA) 

containing IV-1 5' and 3' long terminal repeats (LTRs), packaging signal ('), EFlu 

promoter, internal ribosome entry site (IRES), woodchuck hepatitis virus post-transcriptional 

regulatory element (WPRE), and simian virus 40 origin (SV40) via overnight T4 DNA ligase 

reaction (New England Biosciences; Ipswich, MA). NovaBlue SinglesT'M chemically

competent E. coil cells are then transformed with the resulting LHR-CAR-containing 

lentiviral plasmid.  

Production of lentiviral particles 

[03151 Prior to transfection, HEK 293T cells are seeded at 4.0 x 106 cells/150 cm 2 tissue

culture-treated flask in 20 mL DMEM supplemented with 10% dialyzed FCS and incubated 

overnight at 37C in a humidified 5% CO2 incubator. Once 80-90%/0 confluent, HEK 293T 

cells are incubated in 20 ml DMEM supplemented with I-% dialyzed FCS without 

penicillin/streptamycin for two hours in a 37'C humidified 5% CO 2 incubator. HEK293T 

cells are co-transfected with the specific pLVX-CAR plasmid and lentiviral packaging 

plasmids containing genes necessary to form the lentiviral envelope & capsid components. A 

proprietary reaction buffer and polymer to facilitate the formation of plasmid-containing 

nanoparticles that bind 1-EK 293T cells are also added. After incubating the transfected
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HEK 293T cell cultures for 24 hours at 370 C, the transfection medium is replaced with 20 mL 

fresh complete DMEM. Lentivirus supernatants are collected every 24 hours for three days 

and the supernatants will be spun down at 1,250 rpm for 5 minutes at 4'C, followed by filter 

sterilization and centrifugation in an ultracentrifuge at 20,000 g for 2 hrs at 4'C. The 

concentrated lentivirus is re-suspended in PBS containing 7% trehalose and 1% BSA for long 

term storage. The lentivirus is aliquoted and stored at -80'C until use for transduction of 

target CD4- and CD8 T cells. The cell supernatants harvested after 24 hours are tested for 

lentiviral particles via sandwich ELISA against p24, the main lentiviral capsid protein.  

Transfection efficiency as determined by the expression of the protein marker ZsGreen, was 

estimated between 20%-50%, by visualization under a fluorescent microscope.  

Purification, activation, and enrichment of human CD4C and CD8* peripheral blood T

cells 

[0316] Peripheral blood mononuclear cells (PBMCs) enriched by density gradient 

centrifugation with Ficoll-Paque Plus (GE Healthcare; Little Chalfont, Buckinghamshire, 

UK) are recovered and washed by centrifugation with PBS containing 0.5% bovine serum 

albumin (BSA) and 2 mM EDTA. T-cell enrichment kits (Stem Cell Technologies) are used 

to magnetically isolate these human T-cell subsets using negative selection for CD4- and 

CD8- T-cells. The purity of CD4 and CD8' T-cell populations are assessed by flow 

cytomnetry using Life Technologies Acoustic Attune@k Cytometer, and are enriched by 

Fluorescence-Activated Cell Sorting. CD4 and CD8' T-cells mixed 1:1 are maintained at a 

density of 1.0 x 106 cells/mL in complete 50% Click's medium/50% RPMI-1640 medium 

supplemented with 100 IU/mL ]L-2 in a suitable cell culture vessel, to which ac-CD3/a-CD28 

Human T-cell activator beads (Stem Cell Technologies) are added to activate cultured T cells.  

T-cells are incubated at 370 C in a 5% CO 2 incubator for 2 days prior to transduction with 

CAR lentiviral particles.  

Lentiviral transduction of CD4* CD8* T-cells 

[0317] Activated T-cells are collected and dead cells are removed by Ficoll-Hypaque 

density gradient centrifugation or the use of MACS Dead Cell Removal Kit (Miltenyi Biotec; 

San Diego, CA). In a 6-well plate, activated T-cells are plated at a concentration of 1.0 x 106 

cells/mL in complete medium. Cells are transduced with the lentiviral particles 
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supplemented with Lentiblast, a transfection aid (Oz Biosciences, San Diego, CA) to the 

cells. Transduced cells are incubated for 24 hours at 37 C in a humidified 5% CO2 incubator.  

The cells are then pelleted by centrifugation and the media changed, followed by addition of 

the T-cell activator beads (Stem Cell Technologies, San Diego., CA).  

RT-PCR for mRRNA expression 

[0318] mRNA from transduced T-cells are isolated using the Nucleospin RNA kit 

(Clontech, Signal Hill, CA). RT-PCR is run using the OneTaq One Step RNA kit (New 

England Biolabs, Boston, MA), using the following primers, 5' 

CGCCTGTGATATCTACATCTGGGC 3 (SEQ ID NO: 73) and 5' 

ATCGGCAGCTACAGCCATCT 3 (SEQ ID NO: 74). Samples are run on a 1% agarose gel.  

Cell Cytotoxicity Assays 

103191 Cytotoxicity of the CAR T-cells are determined using the lactate dehydrogenase 

(LDH) cytotoxicity kit (Thermo Scientific, Carlsbad, CA). Activated T-cells are collected 

and 1 x 106 cells are transduced with the appropriate CAR lentiviral construct as described 

above. Cells are activated used the T-cell activator beads (Stem Cell Technologies, San 

Diego,CA) for two days prior to cytotoxicity assays. The optimal number of target cells is 

determined as per the manufacturer's protocol. For the assays, the appropriate target cells are 

plated in triplicate in a 96 well plate for 24 hours at 3 7'C in a 5% CO2 incubator, followed by 

the addition of activated CAR T-cells in ratios of 20:1, 10:1, 5:1 and 1:1, and incubated for 

24 hours at 37'C in a 5% CO2 incubator. Cells are then lysed at 37C for 45 mins and 

centrifuged at 1,250 rpm for 5 mins. The supernatant is transferred to a fresh 96 well plate, 

followed by the addition of the reaction mixture for 30 minutes. The reaction is the stopped 

using the stop solution and the plate read at 450nm with an absorbance correction at 650 nm.  

In vivo tumor regression assay 

[0320] Foxni null mice are injected with SKOV3, an ovarian tumor cell line which 

expresses LI-JR. Two x 106 cells in 200ul of phosphate buffered saline are injected into the 

left flank of the mice using a 0.2 mL inoculum. Naive T-cells are activated for 2 days using 

the aCD3/CD28 activator complex (Sten Cell Technologies, San Diego, CA). The activated 

T-cells are then transduced with the pLVX-LH-IR-CAR lentiviral particles as described above, 

and activated for 2 days. 2.5 x 106 of the activated T-cells expressing the LHR CAR are 
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injected intravenously into the mice on day 7 after tumor inoculation. Tumor sizes are 

assessed twice a week using Vernier calipers and the volume calculated.  

Cytotoxicity for LIR CAR T-cells 

[0321] The cytolytic activity of the LHR CAR-T-cells was examined using the SKOV 3 

ovarian cancer cell line as target cells. SKOV3 was shown to express LHR by FACS 

analysis. CAR T-cells were added in ratios of 20:1, 10:1, 5:1 and 1:1 of effector cells to 

target cells. After 24 hours of incubation, the LHR CAR T-cells effectively lysed SKOV3 at a 

ratio of 10:1, showing a 30% lysis rate (FIG. 11). In comparison, uninduced T-cells did not 

show any cytotoxic activity at any of the ratios of effector cells to target cells used.  

RNA expression for LHR CAR 

[0322] RT-PCR using mR.NA isolated from T-cells transduced with the LHR CAR show 

mRNA expression of the chimeric CAR (FIG. 12). The RT-PCR was performed with 

primers that span the chimeric CAR between the CD8 hinge and the 4-IBB signaling domain, 

and is therefore highly specific to the expression of the CAR.  

Equivalents 

[03231 Unless otherwise defined, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

technology belongs.  

[0324] The present technology illustratively described herein may suitably be practiced in 

the absence of any element or elements, limitation or limitations, not specifically disclosed 

herein. Thus, for example, the terms "comprising," "including," "containing," etc. shall be 

read expansively and without limitation. Additionally, the terms and expressions employed 

herein have been used as terms of description and not of limitation, and there is no intention 

in the use of such terms and expressions of excluding any equivalents of the features shown 

and described or portions thereof, but it is recognized that various modifications are possible 

within the scope of the present technology claimed.  

[0325] Thus, it should be understood that the materials, methods, and examples provided 

here are representative of preferred aspects, are exemplary, and are not intended as 

limitations on the scope of the present technology.  
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103261 The present technology has been described broadly and generically herein. Each of 

the narrower species and sub-generic groupings falling within the generic disclosure also 

form part of the present technology. This includes the generic description of the present 

technology with a proviso or negative limitation removing any subject matter from the genus, 

regardless of whether or not the excised material is specifically recited herein.  

103271 In addition, where features or aspects of the present technology are described in 

terms of Markush groups, those skilled in the art will recognize that the present technology is 

also thereby described in terms of any individual member or subgroup of members of the 

Markush group.  

[0328] All publications, patent applications, patents, and other references mentioned herein 

are expressly incorporated by reference in their entirety, to the same extent as if each were 

incorporated by reference individually. In case of conflict, the present specification, 

including definitions, will control.  

[0329] Other aspects are set forth within the following claims.  
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WHAT IS CLAIMED) IS: 

1. An isolated antibody comprising a heavy chain (HC) immunoglobulin variable 

domain sequence and a light chain (LC) immunoglobulin variable domain sequence, wherein 

the antibody binds to an epitope of a luteinizing hormone receptor (LHR).  

2. The antibody of claim 1, wherein the HC comprises one or more of: 

(a) a CDRI comprising the amino acid sequence of GYSITSGYG (SEQ ID NO.  

16) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of IHYSGST (SEQ ID NO.: 19) 

or an equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of ARSLRY (SEQ ID NO.: 22) 

or an equivalent of each thereof; and/or 

the LC comprises one or more of: 

(a) a CDR] comprising the amino acid sequence of SSVNY (SEQ ID NO.:25) or 

an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of DTS (SEQ ID NO:28) or an 

equivalent of each thereof; and/or 

(c) a C[)R3 comprising the amino acid sequence of HQWSSYPYT (SEQ ID 

NO:3 1) or an equivalent of each thereof.  

3 The antibody of claim 1, wherein the HC comprises one or more of: 

(a) a CDRi comprising the amino acid sequence of GFSLTTYG (SEQ I) NO.: 

17) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of IWGDGST (SEQ ID NO.: 20) 

or an equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ ID NO.: 

23) or an equivalent of each thereof; and/or 

the LC comprises one or more of:
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(a) a CDRI comprising the amino acid sequence of QSLLNSGNQKNY (SEQ ID 

NO.:26) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of WAS (SEQ ID NO:29) or an 

equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of QNDYSYPLT (SEQ ID 

NO:32) or an equivalent of each thereof.  

4. The antibody of claim 1, wherein the HC comprises one or more of: 

(a) a CDRi comprising the amino acid sequence of GYSFTGYY (SEQ ID NO.: 

18) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of IYPYNGVS (SEQ ID NO.: 

21) or an equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of AR-ERGLYQLRAMDY 

(SEQ il) NO.: 24) or an equivalent of each thereof; and/or 

the LC comprises one or more of: 

(a) a CDRI comprising the amino acid sequence of QSISNN (SEQ ID NO.:27) or 

an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of NAS (SEQ I) NO:30) or an 

equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of QQSNSWPYT (SEQ ID 

NO:33) or an equivalent of each thereof.  

5. The antibody of claim 1, wherein the HC variable region comprises a polypeptide 

selected from SEQ ID NOs.: 1-4 or an equivalent of each thereof.  

6. The antibody of claim 1, wherein the LC variable region comprises a polypeptide 

selected from SEQ ID NOs. :5-8 or an equivalent of each thereof.  

7. The antibody of claim 1, wherein the HC variable region comprises a polypeptide 

with a consensus sequence selected from SEQ ID NOs.:9-11 or an equivalent of each thereof.  
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8. The antibody of claim 1, wherein the LC variable region comprises a polypeptide with 

a consensus sequence selected from SEQ ID NOs.: 12-15 or an equivalent of each thereof.  

9. The antibody of any of claims 1-8, wherein the antibody is selected from the group 

consisting of a monoclonal antibody, a chimeric antibody or a humanized antibody.  

10. The antibody of any of claims 1-9, wherein the antibody comprises an antigen binding 

fragment selected from the group consisting of Fab, F(ab')2, Fab', scF, and F,.  

11. The antibody of any of claims 1-10, wherein the antibody is generated against a LHR 

fragment of SEQ ID NO: 42 or an equivalent thereof 

12. The antibody of any of claims 1-10, wherein the antibody is generated against a LHR 

fragment of SEQ ID NO: 43 or an equivalent thereof.  

13. The antibody of any of claims 2-8, 11, and 12, wherein an equivalent comprises an 

polypeptide having at least 80% amino acid identity to polypeptide or a polypeptide that is 

encoded by a polynucleotide that hybridizes under conditions of high stringency to the 

complement of a polynucleotide encoding the polypeptide.  

14. A chimeric antigen receptor (CAR) comprising: (a) an antigen binding domain of an 

anti-luteinizing hormone receptor ("LHR") antibody, (b) a CD8 a hinge domain; (c) a CD8 a, 

transmembrane domain; (d) a 4-1BB costimulatory signaling region; and (e) a CD3 zeta 

signaling domain.  

15. The CAR of claim 14, wherein the antigen binding domain of the anti-LHR antibody 

comprises an anti-LHR heavy chain (-1C) variable region and an anti-LHR light chain ([C) 

variable region.  

16. The CAR of claim 15, further comprising a linker polypeptide located between the 

anti-L[IR H C variable region and the anti-LHR LC variable region.  

17. The CAR of claim 15 or 16, wherein the HC comprises: 

(a) a CDRI comprising the amino acid sequence of GYSITSGYG (SEQ ID NO.: 

16) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of I[IYSGST (SEQ I[) NO.: 19) 

or an equivalent of each thereof; and/or 
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(c) a CDR3 comprising the amino acid sequence of ARSLRY (SEQ LD NO.: 22) 

or an equivalent of each thereof; and/or 

the LC comprises 

(a) a CDR1 comprising the amino acid sequence of SSVNY (SEQ ID NO.:25) or 

an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of DTS (SEQ ID NO:28) or an 

equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of HQWSSYPYT (SEQ ID 

NO:3 1) or an equivalent of each thereof 

18. The CAR of claim 15 or 16, wherein the HIC comprises 

(a) a CDRI comprising the amino acid sequence of GFSLTTYG (SEQ ID NO.: 

17) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of IWGDGST (SEQ ID NO.: 20) 

or an equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of AEGSSLFAY (SEQ ID NO.: 

23) or an equivalent of each thereof; and/or 

the LC comprises 

(a) a CDRi comprising the amino acid sequence of QSLLNSGNQKNY (SEQ ID 

NO.:26) or an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of WAS (SEQ I) NO:29) or an 

equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of QNDYSYPLT (SEQ ID 

NO:32) or an equivalent of each thereof 

19. The CAR of claim 15 or 16, wherein the HC comprises 

(a) a CDRi comprising the amino acid sequence of GYSFTGYY (SEQ ID NO.: 

18) or an equivalent of each thereof; and/or 
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(b) a CDR2 comprising the amino acid sequence of IYPYNGVS (SEQ ]D NO.: 

21) or an equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of ARERGLYQLRAMDY 

(SEQ ID NO.: 24) or an equivalent of each thereof; and/or 

the LC comprises 

(a) a CDRI comprising the amino acid sequence of QSISNN (SEQ TD NO.:27) or 

an equivalent of each thereof; and/or 

(b) a CDR2 comprising the amino acid sequence of NAS (SEQ ID NO:30) or an 

equivalent of each thereof; and/or 

(c) a CDR3 comprising the amino acid sequence of QQSNSWPYT (SEQ ID 

NO:33) or an equivalent of each thereof.  

20. The CAR of claim 15 or 16, wherein the anti-LIHR heavy chain variable region 

comprises a polypeptide selected from SEQ ID NOs.: 1-4 or an equivalent of each thereof.  

21. The CAR of claim 15 or 16, wherein the anti-LHR light chain variable region 

comprises a polypeptide selected from SEQ ID NOs.:5-8 or an equivalent of each thereof.  

22. The CAR of claim 15 or 16, wherein the anti-L-JR heavy chain variable region 

comprises a polypeptide with a consensus sequence selected from SEQ ID NOs.:9-1 1 or an 

equivalent of each thereof 

23. The CAR of claim 15 or 16, wherein the anti-L-IR light chain variable region 

comprises a polypeptide with a consensus sequence selected from SEQ ID NOs.: 12-15 or an 

equivalent of each thereof 

24. The CAR of claims 17 to 23, wherein an equivalent comprises an polypeptide having 

at least 80% amino acid identity to polypeptide or a polypeptide that is encoded by a 

polynucleotide that hybridizes under conditions of high stringency to the complement of a 

polynucleotide encoding the polypeptide.  

25. The CAR of any one of claims 14-24, further comprising a detectable marker or a 

purification marker.  

-96-



WO 2016/160618 PCT/US2016/024354 

26. The CAR of any one of claims 14-25, further comprising an antigen binding domain 

derived from an antibody against MUC-16 or an antibody against mesothelin.  

27. An isolated nucleic acid sequence encoding the antibody of any one of claims 1-13, or 

the CAR of any one of claims 14 to 26.  

28. An isolated nucleic acid sequence of claim 27, wherein the nucleic acid sequence 

comprises a sequence selected from any one of SEQ I) N()s.:34-41, or an equivalent of each 

thereof.  

9. The isolated nucleic acid of claims 27 and 28, further comprising a Kozak consensus 

sequence located upstream of the antigen binding domain of the anti-LHR antibody, or an 

enhancer.  

30. The isolated nucleic sequence of any one of claims 27 to 29, further comprising an 

antibiotic resistance polynucleotide.  

31. A vector comprising the isolated nucleic acid sequence of any one of claims 27 to 30.  

32. The vector of claim 31, wherein the vector is a plasmid.  

33. The vector of claim 31, wherein the vector is selected from a group consisting of a 

retroviral vector, a lentiviral vector, an adenoviral vector, and an adeno-associated viral 

vector.  

34. An isolated cell comprising the CAR of any one of claims 14 to 26; and/or the 

isolated nucleic acid of any one of claims 27 to 30; and/or the vector of any one of claims 31 

to 33.  

35. The isolated cell of claim 34, wherein the cell is a T-cell.  

36. The isolated cell of claim 34, which is a natural killer (NK) cell.  

37. A composition comprising a carrier and one or more of: the antibody of any one of 

claims I to 13; and/or the CAR of any one of claims 14 to 26; and/or the isolated nucleic acid 

of any one of claims 27 to 30; and/or the vector of any one of claims 31-33; and/or an 

isolated cell of any one of claims 34-36.  

38. The composition of claim 37, further comprising an antigen binding fragment capable 

of binding a peptide comprising SEQ ID NOs: 42 and 43.  
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39. The composition of claim 38, wherein the peptide is a LHR protein.  

40. The composition of claim 38 or 39, wherein the peptide is associated with a cell.  

41. The composition of claim 38 or 391, wherein the peptide is bound to a solid support.  

42. The composition of claim 38 or 39, wherein the peptide is disposed in a solution.  

43. The composition of claim 38 or 39, wherein the peptide is associated with a matrix.  

44. A method of producing anti-LHR CAR T-cells comprising: 

(i) introducing a population of T-cells with a nucleic acid sequence encoding the CAR 

of any one of claims 14 to 26; and 

(ii) selecting a subpopulation of T-cells that have been successfully transduced with 

said nucleic acid sequence of step (i) thereby producing anti-LHR CAR T-cells.  

45. A method of inhibiting the growth of a tumor in a subject in need thereof, comprising 

administering to the subject an effective amount of the isolated cell of T-cell of claims 35.  

46. The method of claim 45, wherein the isolated T-cells are autologous to the subject 

being treated.  

47. The method of claims 45 and 46, wherein the tumor expresses or overexpresses LFR.  

48. The method of claims 45 and 46, wherein the tumor is ovarian tumor or a prostate 

cancer tumor.  

49. A method of treating a cancer patient in need thereof, comprising administering to the 

subject an effective amount of the isolated cell of T-cell of claim 35.  

50. The method of claim 49, wherein the isolated T-cells are autologous to the subject 

being treated.  

51. The method of claim 49 or 50, wherein the tumor is cancer is ovarian cancer or a 

prostate cancer.  

52. The method of any one of claims 44 to 51, wherein the subject comprising a human, 

an animal, a non-human primate, a dog, cat, a sheep, a mouse, a horse, or a cow.  

53. A method for determining if a patient is likely to respond or is not likely to anti-LHR 

CAR therapy, comprising contacting a tumor sample isolated from the patient with an 
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effective amount of the antibody of any one of claims I to 13, and detecting the presence of 

any antibody bound to the tumor sample, wherein the presence of antibody bound to the 

tumor sample indicates that the patient is likely to respond to the anti-LHR CAR therapy and 

the absence of antibody bound to the tumor sample indicates that the patient is not likely to 

respond to the anti-CAR therapy.  

54. The method of claim 53, further comprising administering an effective amount of the 

anti-LHR CAR of claims 14 to 26 to the patient that is determined likely to respond to the 

anti-LHR CAR therapy.  

55. The method of claim 53 or 54, wherein the patient is suffering from ovarian cancer or 

prostate cancer.  

56. The kit for detecting LHR comprising an antibody of any of claims I to 13, and 

instructions for use.  

57. The kit of claim 56, further, wherein the antibody is capable of binding a LHR 

polypeptide in a biological sample.  

58. The kit of claim 56 or 57, further, further comprising means for determining the 

amount of the LHR polypeptide in the biological sample, and means for comparing the 

amount of the LI-R polypeptide in the sample with a standard.  

59. A method of detecting LHR in a biological sample comprising contacting the sample 

with the antibody of any of claims 1-13 or an antigen binding fragment capable of binding a 

peptide comprising SEQ ID NOs: 42 and 43, and detecting a complex formed by the binding 

of the antibody or antigen binding fragment to LHR.  

60. The method of claim 59, wherein the sample comprises a cell sample or a tissue 

sample.  

61. The method of claim 59, wherein the sample is obtained from a subject that is 

diagnosed as having, suspected as having, or at risk of having cancer.  

62. The method of claim 61, wherein the cancer is prostate cancer or ovarian cancer.  

63. The method of claim 59, wherein the detection comprises one or more of 

imnunohistochemistry (1l-IC), Western blotting, Flow cytometry or ELISA.  
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64. A method of detecting a pathological cell in a sample isolated from a subject, 

comprising 

(a) detecting the level of LHR in a biological sample from the subject by detecting a 

complex formed by the antibody of any of claims 1-13 or an antigen binding fragment 

capable of binding a peptide comprising SEQ ID NOs: 42 and 43; and 

(b) comparing the levels of LFIR observed in step (a) with the levels of LHR observed 

in a control biological sample; 

wherein the pathological cell is detected when the level of LHR is elevated compared 

to that observed in the control biological sample.  

65 The method of claim 64, wherein the biological sample of the subject comprises one 

or more of a sample isolated from prostate and ovary.  

66. The method of claim 64, wherein the detection comprises one or more of 

immunohistochemistry (HC), Western Blotting, Flow cytometry or ELISA.  

67. The method of any of claims 64-66, further comprising isolating the biological sample 

from the subject.  

68. The method of claim 67, wherein the subject is a mammal.  

69. The method of claim 68, wherein the mammal is selected from the group of: a human, 

an animal, a non-human primate, a dog, cat, a sheep, a mouse, a horse, or a cow.  
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