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DESCRIPTION

HLA-RESTRICTED VGLLI PEPTIDES AND USE THEREQOF

{0001] This application claims the benefit of United States Provisional Patont
Application No. 62/405.779, filed October 7, 2016, the entirety of which 1s incorporated herein

by reference.

{0062] The scquence listing that s contained in  the file named
“UTFCPI30TWO ST251xt”, which is 1 KB (as measured i Microsoft Windows) and was
created on October 5, 2017, 1s filed herewith by clectronic submission and is incorporated by

reference herein.
BACKGROUND OF THE INVENTION

i. Field of the Invention
j0003] The present wnvention relates generally to the fields of immunology and
medicine. More particolarly, # concerns tumor antigen-specific peptides and uses thereof for

the treatment of cancer.

2. Description of Related Art

{0004] Adoptive T cell therapy (ACT; also referred to as “adoptive cell transfer™) has
shown promise as a method for treating melanoma; unfortunately, this approach has also been
hindered by limitations including toxicily towards non-cancerons tissues. ACT generally
mvolves infusing a large number of autclogous activated tamor-specific T cells into a patient,
e.g.. 1o treat a cancer. ACT has resulted i therapeutic clinical responses in melanoma paticnts
(Yee 2002; Dudlev 2002; Yee 2014). Generally, to develop effective anti-tumor T cell
responses, the following three steps are normally required: priming and activating antigen-
specific T cells, migrating activated T cells to the tumor site, and recognizing and killing the
tumor by antigen-specific T cells. The choice of the target antigen ts important for induction

of effective antigen-specific T celis.

{0605] Whale several tumor-associated antigens have been identified for melanoma and
a handful of other sohd twmor malignancies, there is a pascity of mmunogenic targets for
pancreatic, ovarian, gastric, lung, cervical, breast, and head and neck cancer. Thus,
wdentification and validation of novel epitopes and target antigens for these common and

difficult to treat malignancies i1s warranted.
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SUMMARY OF THE INVENTION

[0006] In some embodiments, the present disclosure provides VGLL1 peptides and
methods for their use, such as in therapies including adoptive T cell therapies. In some
embodiments, the peptides may be used to expand VGLLI-specific T cells in vitro that are
adnunistered to a mammalian subject, such as a human patient, to treat a disease {e.g., a cancer).
In further embodiments, the T cells are genctically engineered to express T cell receptors
{TCRs) with antigenic specificity for VGLLL. In other embodiments, the peptides may be
administered to a mammahan subject to induce an inunune response or vaccinate the subject
against the peptide, and such an immume response may be usetfial to treat or reduce the chances

of getting or relapsing from a disease, such as a cancer.

{0067] In one embodiment, the present disclosure provides an 1solated VGLLT peptide
of 35 amino acids in length or less {e.g., 34, 33, 32, 31, or 30 amino acids) comprising an amino
acid sequence having at least 90% sequence identity to SEQ 1D NO:¥ (LSELETPGKY),
wherein the peptide is capable of inducing cviotoxic T lymphocytes (CTLs). In some aspects,
the peptide comprises an amine acid seqaence having at least 91, 92, 93, 94, 65, 96, 97, 98, 99,
or 100 percent sequence identity to SEQ 1D NO:1. In certain aspects, the peptide is 30 amino
acids in fength or fess, such as 29, 28, 27, 26, 25, 24, 23, 22, 21,20, 19, 18, 17, 16, 15, 14, 13,

12, 11, or 10 amino acids in length.

[0008] In some aspects, the peptide binds to a human class T HLA protein. Tn particular
aspects, the human class I HLA protein 1s HLA-A*0101 or other members of the HLA-Al
family, such as HLA-A*0102 and HLA-A*0103. In other aspects, the ¢lass I HLA protein is
HUA-A*2902 or other members of the HLA-A29 fanuly, or HLA-A*3002 and other members
of the HLA-A30 famuly. In other aspects, the class T HLA protein 1s HLA-B¥* 1801 or other
members of the HLA-B18 fanuly or HLA-B*4403 or other members of the HLA-B44 family.

[0009] In another embodiment, there is provided a pharmaceutical composition
comprising the isolated VGLLI peptide of the embodiments and a pharmaceutical carrer. In
some aspects, the pharmaceutical composition is formulated for parcnteral administration,
mtravenous injection, intramuscular injection, inhalation, or subcutaneous injection. In certain
aspects, the peptide is comprised in a liposome, lipid-containing nanoparticle, or mn a lipid-
based carrier. fn some aspects, the pharmaceutical preparation is formulated for injection or

inhalation as a nasal spray.
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{00106] A further embodiment provides an isolated nucleic acid encoding the VGLLL
peptide of the embodiments. Also provided hersin is a vector comprising a contiguous

sequence consisting of the nucleic acid encoding the VGLILT peptide.

{0011] In yet another cmbodiment, there is provided a method of promoting an immune
response in a subject, comprising admunistering an effective amount of the VGLL1 peptide of
the embodiments to the subject, wherein the peptide induces antigen-specific T cells in the
subject. In some aspects, the subiect is diagnosed with cancer. In certain aspects, the cancer is

pancreatic, ovarian, gastric, or breast cancer. In particular aspects, the subject is a human.

{0012] In additional aspects. the method further comprises administering at least a
second anti-cancer therapy. In some aspects, the second anti-cancer therapy is selected from
the group consisting of a chemotherapy, a radiotherapy, an immunotherapy, or a surgery. In
particular aspects, the immunotherapy 15 an mamune checkpoint mhibitor. In one specific

aspects, the tomune checkpoint jnhibitor is an anti-PD 1 monoclonal antibody.

{31 3] A forther embodiment provides a method of producing ¥YGLL L-specific T cells
comprising obiaining a stariing population of T celis, and contacting the startimg population of
T cells with the VOLLY peptide {e g, a peptide of SEQ ID MO ) of the embodiments, thereby
generating VGLL-specific T cells. In some aspects, contacting is further defined as co-
cufturing the starting popudation of T colls with antigen presenting cols (APCS), whorein the
APCs present the VGLLY peptide of the embodiments on therr surface. Tn particular aspects,
the APCs are dendritic cells. In some aspects, the starting population of T cells are UD&T T
colis. In certain aspects, the T cells are CThs. In some aspects, obtaining comprises isolating
the starting population of T cells from peripheral blood mosonuclear cells (PBMCs). Also
provided herein 18 a pharmaceutical composition comprising the VOLLI~specific T cells

produced by the methods herein.

[0014] An cven further embodument provides an antigen receptor, such as a T cell
receptor {TCR) or chimery: antigen receptor {CAR), with antigenic spacificity for VGLLL
Ancther ersbodiment provides T colls enginecred to express a VGLL I-specific TCR or CAR.
In some aspeets, the VOLL bspecific chimenic antigen receptor comprises an mntraceliular
signaling domain, a transmembrane domain, and/or an extracellular domain. In cortain aspects,
DNA encoding the CAR is integrated into the genome of the cell. In some aspects, the

extraceliular domam of the CAR comprises a VGLLI-binding region. For example, the
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VGLLI-binding region may be a F(ab™)2, Fab’, Fab, Fv, or scFv. In certain aspects, the
mtracetiular signaling domain of the CAR is a T-fymphocvie activation domain. For example,
the wtraceilular signaling domain of the CAR may comprise CD3E, CD28, GX40/CD134, 4-
IBB/CD137, FeeRly, ICOS/CD278, ILRB/CD122, IL-2RG/CD132, DAP molecules, CD70,
cvicking receptor, CD40, or a combination thereof In certain aspects, the transmembrane
domain of th cCAR comprises CD2¥ transmembrane domain, fgG4Fc hinge, Fc regions, CD4
transmembrane domain, the CD3E transmembrane domain, cvsteine mutated human CD3E
domain, D16 transmembrane domain, CDY transmembrane domain, or ervthropoietin

receptor transmembrane domain.

[0015] Another embodiment provides a method of treating cancer 1 a subject
comprising administering an cffective amount of the VGLLI-specific T celis of the
embodiments to the subject. In some aspects, the cancer is pancreatic, ovarian, gastric, bladder,
or breast cancer. In particular aspects, the subject 1s a human. In some aspects, the antigen-
specific T cells are avtologous. In some aspects, the subject is determined to have cancer cells

which express VGLLL

{0016] In certain aspects, the method further comprises lymphodepletion of the subject
prior to aduunistration of the antigen-specific T cells. In some aspects, lymphodepletion

comprises administration of cyclophosphamide and/or fludarabine.

[0017] In some aspects, the method further comprises administering at least a second
therapeutic agent. In certain aspects, the at least a second therapeutic agent comprises
chemotherapy, immunotherapy, surgery, radistherapy, or biotherapy. In particolar aspects, the
immunotherapy is an mmune checkpoint inhibitor. In one specific aspects, the unmuve

checkpoint inhibitor is an anti-PD 1 monoclonal antibody.

[0018] In certamn aspects, the VGLL1-specific T cells and/or the at least a second
therapeutic  agent  are  administered intravenously, mtraperitoneally, intratracheally,
mtratumorally,  mtramuscularly,  endoscopically,  mtralesionally,  percutancously,

subcutaneously, regionallv, or by direct injection or perfusion.

{0019} Further provided herein is a composition comprising an effective amount of the
VGELI-specific T celis of the embodiments for the treatment of cancer in a subject. In some

aspects, the cancer is pancreatic, ovarian, gastric, bladder, or breast cancer. In particular
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aspects, the subject is a haman. In some aspects, the antigen-specific T cells are antologous. In

some aspects, the subject is determined to have cancer cells which express VGLL1.

[0028] Fuarther provided herein are methods of determining the prognosis of a subject

with cancer comprising measuring the expression level of VGLLI in a sample obtained from

5 said subject, wherein an elevated level of VGLIL] identifies a subject with a poor prognosis. In
some aspects, the sample is a blood sample or tissae sample, such as a tumor sample. In

particular aspects, the cancer is pancreatic cancer.

{0621] Other objects, features and advantages of the present invention will become

apparent from the following detailed description. It should be understood, however, that the

10 detailed description and the specific examples, while indicating preferred embodiments of the
mvention, are given by way of illustration only, since various changes and modifications within

the spirit and scope of the invention will become apparent to those skilled in the art from this

detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0022] The following drawings form part of the present specification and are mncluded
to further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed

5 description of specific embodiments presented herein.

{0023] FIGS, 1A-1D: Mass spectrometry-based identification of a pancreatic
tumor-associated antigen derived from VGLLI. (A) Tandem mass spectrometry (MS)
analysis of an HEA class I-bound VGLLI peptide, LSELETPGKY (SEQ ID NO: 1}, isolated
from a pancreatic tumor organoid cell line (hMIA-2D) derived from PDAC patient MPG15.

16 The top panel shows the spectra of the onginal cluted peptide from discovery phase tandem
MS. The middie and bottom spectra show a targeted MS experiment in which the i1sotope-
labeled syanthetic peptide LSELETPGKY (SEQ ID NO:1) (with heavy lysine residue
underlined) was spiked into the tumor sample and co-cluted with the native peptide,
demonstrating gold standard confirmation of peptide dentity. (B) Same mass spectra as in (A},

15 but with 'y ions circled to highlight the expected mass shift of & atomic mass units for the
isotope-labeled peptide, corresponding to the heavy lysine residue. {({C) Same mass spectra as
m (A}, but with ‘b’ 1ons circled to highlight the expected mass shift of 8 atomic mass units for
onlv the be-ion, but no other *b” ions. (B} Analysis of expected tandem MS fragment 1on
masses for the native and isotope-labeled VGLLI peptide LSELETPGKY (SEQ ID NG:1) and

20 LSELETPGLRY (SEQID NG 1),

[0024] FIGS. 2A-2B: VGLLI mRNA transcripts are overexpressed in several
tumor types compared with normal tissues. (A) RNAscq analvsis derived from the GTex
Portal nommal tissue (giexportalorg) and TCGA (cancergenome.nth.gov) tumor tissue

databases show VGLL1 transcript expression in pormal tissues and various cancers,

[N
¥4

respectively. Each dot represents the results of one analyzed human sample. The left star and
arrow ndicates the highest mean normal tissue level of VGLLT transcrnipt, found i bladder.
The right star and arrow imdicates the level of VGLLT transcript in the MPO1S patient-derived
organcid cell line hMIAZD, from which the VGLL1 peptide was detected. Boxes indicate the
5 cancer types that overexpress YGLLI transcripts: pancreatic, ovarian, bladder, breast, and
30 stomach cancers. TPM, transcripts per mulhon. (B} VGLLI expression prevalence i five
cancer types derived from TCGA data. Tumor-associated expression was considered positive

i VGLL1 mRNA expression was >3 TPM, as determined by RNAseq expression.
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[0025] FIG. 3: Elevated VGLL1 expression is a poor prognostic factor in cancer.
Pancreatic patient survival analysis, as divided into quartifes of highest (black fine), 2° highest
{dark gray}, 3rd highest (medium gray), and lowest (light gray) VGLLI tumor transcript
expression, as determined by TCGA RNAseq data. The lowest VGLLI expression correlated

5 with highest survival rate.

{0026] FIGS. 4A-4D: VGLLI peptide-specific cvtotoxie T cells were isolated and
expanded from PDAC patient peripheral blood and infused for treatment. (A) Schematic
depicting adoptive T cell treatment process. (B) Peripheral biood from HLA-A*0101-positive
PDAC patient MPO15 were stimulated twice with autologous LSELETPGKY (SEQ IDNO: D)

10 peptide-pulsed dendritic cells, prior to 2 rounds of tetramer-based OWL sorting and rapid
expansion protocol (REP). () VGLLI-specific CTLs were expanded to ~20 billion cells and
mfused into patient MPO15 with concurrent anti-PD treatment every three weeks. (B) The
CTL infusion induced no serous toxicities nor any apparent clinical benefits, despite showing
robust autologous antitumor activity in vitro. Gene expression analysis performed on multiple

15 longitudinal tumor samples from patient MPOIS revealed that VGLL1 antigen loss occurred
during the intervening months between harvest of the original tumor (source of the organoid

cell line hMIA-2D) and VGLE L-specific CTL infusion.

[0027] FIGS. 5A-5B: VGLL1-specific CTLs recognize and kill patient-derived and

allogeneic HLA-A*0101+ pancreatic cancer cells. (A} Expanded HLA-A*0101-restricted

20 VGLLlI-specitic CD&+ T cells were co-cultured with autologous PDAC patient MPO1S-
derived tumor hne hMIA-2D, HLA-A*0101-positive PDAC cell line Capan-i, or HLA-
A*(101-positive melanoma cell line A375 in a standard 51Cr release assay to measure
cytotoxic activity at effector-to-target (E:T) cell ratios of 5:1 and 20:1. (B} Same cytotoxicity

assay as in {A), except all three cell hines were pulsed with 1 mM cogpnate VGLLI peptide

25 antigen and washed prior to VGLLI-specific CTL exposure.

[0028] FIGS. 6A-6C: VGLLI-gpecitic CTLs kil HLA-AOIOI+ tumor cell lines
derived from pancreatic, bladder, ovarian, and triple-negative breast cancers. (A) Expanded
HLUA-A*0101-restricted VGLL1-specific CD8&+ T cells were co-cultured with HLA-A*0101-
positive Mcel888 melanoma cells pulsed with titrated amounts of cognate VGLL peptide in a

30 standard 31Cr release cviotoxicity assay at a 5:1 effector-to-target (E:'T) cell ratio. (B)
Cytotoxicity assay results of VGLL1-specific CTLs tested against six HLA-A*0101-positive
cell lines, including four PDAC lines (WMIA-2ZD, Capan-1, BXPC3, and MP081}), a triple-
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negative breast cancer line (BT20), and a bladder cancer line (UBLC1) at a 5:1 E:T cell ratio.
{{) Cytotoxicity assay results of VGLLI-specific CTLs tested against two additional HLA-
A*(101~positive cell lines, a triple-negative breast cancer line (BT549) and an ovarian cancer

line (OAWZ28), with or without prior interferon-gamma treatment at a 53:1 E:T cell ratio.

{0029] FIGS. 7A-7B: Gastric cancer ine MKN74 s killed by VGLL1-specific CTLs
following HLA-A*0101 transduction. {A) Flow cytometric analysis of parental MKN74 gastric
cancer cells and MKN74 cells transduced with a lentiviral vector to express HLA-A*Q101.
Cells were stained with a HLA-A*0101-specific mAb and analyzed by flow cytometry. The
MENT4 transduced cells are shifted to the night. (B} Cytotoxicity assav results of VGLLI-
specific CTLs tested against untransduced HLA-A*0101-positive melanocytes or the same

melanocytes lentivirally transduced to express VGLL1 ata 5:1 E:T cell ratio.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{00306] For patients with many different cancer types, T cell based immunotherapies
represent a promising approach with proven efficacy. However, antigen-specific T cell therapy
for most cancer types is not feasible due to the lack of tumor-associated antigens currently

5 known, which has stalled their clinical development. Studics in the present disclosure profiled
the immunopeptidome of pancreatic cell lines and tumor specimens through mass
spectrophotometry and identified peptide epitopes derived from a novel tumor-associated
antigen YGLLI that is expressed at substantially higher levels in pancreatic, ovarian, gastric,
bladder, and breast cancer compared with normal tissues. Using these peptide epitopes,

10 antigen-specific cyvtotoxic T lvmphocytes (CTLs) were generated from pancreatic patient
peripheral blood mononuclear cells (PBMCs) that recognized the endogenously-presented
antigen on HLA-~matched allogeneic tumor cell lines, leading to tumor cell killing. Thus, these
antigen-specific CTLs provided herein may be used to target solid cancers {e.g., pancreatic,

ovarian, gastric, and breast cancer}.

15 [0031] Accordingly, the present disclosure provides tumor antigen-specific peptides,
such as to tumor antigen VGLL, for use as immunotherapy for the treatment of a cancer. The
present studies identified VGLL1 as a tumor-associated antigen from a pancreatic elution. The
VGLLI peptide had a predicted HLA-A*0101 affinity of 51 aM which has a world prevalence
of 10-20%. Thus, in some embodiments, VGLLI peptides {e.g. comprising SEQ ID NO: 1) are

20 provided herein. For example, a VGLL1-specific peptide may be contacted with or used to

stimulate a population of T cels to mduce proliferation of the T cells that recognize or bind the

VGLLI-specific peptide. In other embodiments, a YGLL 1-specific peptide of the present

disclosure may be administered to a subject, such as a human patient, to enhance the immune

response of the subject against a cancer,

[N
¥4

{0032] A VGLL1-specific peptide may be inchided in an active immunotherapy {e.g.,
a cancer vaccing} or a passive mmmunotherapy {e.g., an adoptive immunotherapy). Active
immunotherapies include immunizing a subject with a purified tumor antigen or an
mmmunocdominant YGLLIE-specific peptide (native or modified). Alternately, antigen
presenting cells (APCs) pulsed with a V{rEL -specitic peptide (or transfected with genes
30 encoding the tumor antigen) may be admnistered to a subject. The VGLEL 1-specific peptide
may be modified or contain one or more mutations, such as a sebstibition mutation. Passive

mmmunotherapics include adoptive immunotherapics. Adoptive immunotherapies gencrally
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mvolve administering cells to a subject, wherein the cells {e.g., CTLs) have been sensitized in
vitro to the YGLLE-specific peptide (see, e.g., US 7,910,109), sach as by using APCs to present
the VGLLI epitope to the CTLs in virro.

{0033] I was observed in the present studies that survival rate corresponds with
VGLLI expression as the lowest VGLL1 expression correlated with the highest survival rate.
Thus, VGLLI is a tumor marker that may be used as a prognostic marker in cancer patients,

specifically pancreatic cancer patients.
L Definitions

{0034] As used herein, “essentially free,” n terms of a specified component, is used
herein to mean that none of the specified component has been purposefuily formulated into a
composition and/or is present only as a contaminant or in trace amounts. The total amount of
the specified component resulting from any unintended contamination of a composition is
therefore well below .05%, preferably below ¢.01%. Most preferred is a composition in which

no amount of the specified component can be detected with standard analytical methods.

{0035] As used herein the specification, “a” or “an” may mean one or more. As used
herein in the claim(s), when used in conpunction with the word “comprising,” the words “a” or

“an” may mean one or more than one.

{0036] The use of the term “or” m the claims is used to mean “and/or” unless explicitly
mdicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and “and/or.” As used herein

“ancther” may mean at least a second or more.

{0037] Throughout this application, the term “about” is used to indicate that a value
mcludes the nherent variation of error for the device, the method being emploved to determine

the value, or the vanation that exists among the study subjects.

[0038] “Treatment” and “treating” refer to administration or application of a
therapeutic agent to a subject or performance of a procedure or modality on a subject for the
purpose of obtaining a therapeutic benefit of a disease or health-related condition. For exanple,

atreatment may include administration of a T cell therapy.

10
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{0039] “Sabject” and “patient” refer to either a hwman or non-human, such as primates,

mammals, and vertebrates. In particular embodiments, the subject is a human.

[00468] The term “therapeutic benefit” or “therapeutically effective” as used throughout
this application refers to anything that promotes or enhances the well-being of the subiect with
respect to the medical treatment of this condition. This includes, but is not lunited to, a
reduction in the frequency or severity of the signs or symptoms of a disease. For example,
treatment of cancer may involve, for example, a reduction in the size of a tumor, a reduction in
the invasiveness of a tumor, reduction in the growth rate of the cancer, or provention of

metastasis. Treatment of cancer may also refer to prolonging survival of a subject with cancer.

{0041] An "anti-cancer” agent is capable of negatively affecting a cancer cell/tumor n
a subject, for example, by promoting killing of cancer cells, inducing apoptosis in cancer cells,
reducing the growth rate of cancer cells, reducing the incidence or number of metastases,
reducing tumor size, inhibiting tumor growth, reducing the blood supply to a tumeor or cancer
cells, promoting an imnmune response against cancer cells or a tumor, preventing or inhibiting

the progression of cancer, or increasing the lifespan of a subject with cancer.

{0042] The term "antibody" herein is used m the broadest sense and specifically covers
monoclonal antibodies (including full length monoclonal antibodies), polyclonal antibodics,
multi-specific antibodies {e.g.. bispecific antibodies), and antibody fragments so long as they

exhibit the desired biological activity.

{0043] The term "monoclonal antibody" as used hercin refers to an antibody obtained
from a population of substantially homogencous antibodies, e.g., the individual antibodies
compnsing the population are 1dentical except for possible mutations, e.g., naturally occurring
mutations, that may be present in minor amounts. Thus, the modifier "monoclonal” indicates
the character of the antibody as not being a mixture of discrete antibodies. In certain
embodiments, sach a monoclonal antibody typically includes an antibody comprising a
polypeptide scquence that binds a target, wherein the target-binding polypeptide sequence was
obtained by a process that includes the selection of a single target binding polypeptide sequence
from a plurality of polvpeptide sequences. For example, the selection process can be the
selection of a unique clone from a plurality of clones, such as a pool of hybridoma clones,
phage clones, or recombinant DNA clones. It should be understood that a selected target

binding sequence can be further altered, for example, to tmprove affinity for the target, to

11
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humanize the target binding sequence, to improve its production in cell cultare, to redoce its
mmmunogenicity in vive, to create a multi-specific antibody, efc., and that an antibody
comprising the altcred target binding sequence 15 also a monoclonal antibody. Tn contrast to
polyclonal antibody preparations, which tvpically include different antibodies directed against
5 different determinants {epifopes), cach monoclonal antibody of a monoclonal antibody
preparation 1s directed against a single determinant on an antigen. In addition to their
specificity, monoclonal antibody preparations are advantageous in that they are typically

uncontaminated by other immunoglobulins.

{0044] The phrases “pharmaceutical or pharmacologicallv acceptable”™ refers to

10 molecular entities and compositions that do not produce an adverse, allergic, or other untoward
reaction when administered to an animal, such as a human, as appropriate. The preparation of

a pharmaceutical composition comprising an antibody or additional active mgredient will be
known to those of skill i the art in light of the present disclosure. Morcover, for animal {e.g.,
human) admimstration, 1t will be understood that preparations should meet sterility,

15 pyrogeunicity, general safety, and purity standards as required by FDA Office of Biological

Standards.

{0045] As used hercin, “pharmaceutically acceptable carrier” includes any and all
aqueous solvenis {e.g., water, alcohohc/agueous solutions, saline solutions, parenteral vehicles,
such as sodium chlonde, Ringer's dextrose, etc.}, non-agueous solvents {e.g., propylene glycol,

20 polyethyiene glycol, vegetable oil, and injectable organic esters, such as ethvloleate),
dispersion media, coatings, surfactants, antioxidants, preservatives {e.g., antibacterial or
antifungal agents, anti-oxidants, chelating agents, and mert gases), isotonic agents, absorption
delaying ageats, salts, drags, drug stabilizers, gels, binders, excipients, disintegration agents,
lubricants, sweetening agents, flavoring agents, dyes, fluid and nutrient replenishers, such like

25 materials and combinations thereof, as would be known to one of ordimary skill in the art. The
pH and exact concentration of the various components in a pharmaceutical composition are

adjusted according to weli-known parameters.

{0046] The term “unit dose” or “dosage” refers to physically discrete uvanits suitable for

use in g subject, each unit containing a predetermined quantity of the therapeutic composition

30 calculated to produce the desired responses discussed above in association with its
administration, je., the appropnate route and treatment regimen. The guantity to be

administered, both according to number of treatments and unit dose, depends on the offect

12



WO 2018/067869 PCT/US2017/055414

desired. The actual dosage amount of a composition of the present embodiments administered

to a patient or subject can be determined by physical and physiological factors, such as body
weight, the age, health, and sex of the subject, the type of discase being treated, the extent of
disease penetration, previous or concurrent therapeutic interventions, idiopathy of the patient,

5 the route of admmistration, and the potency, stability, and toxicity of the particular therapeutic
substance. For example, a dose may also comprise from about 1 pg/kg/body weight to about
1000 mg/kg/body weight (this such range includes intervening doses) or more per
administration, and any range derivable therein. In pon-limiting examples of a derivable range
from the numbers listed herein, a range of about 5 pg/kg/body weight to about 100 mg/ke/body

10 weight, about § ng/kg/body weight to about 500 mg/kg/body weight, erc., can be administered.
The practitioner responsibie for administration will, in any event, determine the concentration

of active ingredient(s) in a composition and appropriate dose(s} for the individual subject. In

some embodiments, the dosage of antigen-specific T ccll infusion may comprise about 100

million to about 30 billion cells, such as 10, 15, or 20 billion cells.

i5 {0047] The term "mmmune checkpoint” refers to a molecule such as a protein in the
mumune system which provides inhibitory signals to 1ts components in order to balance
mimune reactions. Known immune checkpoint proteins comprise CTLA-4, PD-l and s hgands
PD-L1 and PD-L2 and in addition LAG-3, BTLA, B7H3, BTH4, TIM3, KIR. The pathways
mvolving LAG3, BTLA, B7H3, B7H4, TIM3, and KIR arc recognized in the art to constitute
20 immune checkpont pathways siular to the CTLA-4 and PD-1 dependent pathways {(see e.g.

Pardoll, 2012. Nature Rev Cancer 12:252-264; Mellman es ¢/, 201 1. Nature 480:480- 489).

[0848] An “immume checkpoint whibitor” refers to any compound inhibiting the
function of an mmune checkpoint protein. Inhibition mcludes reduction of function and full
blockade. In particular the immune checkpoint protein is a human inunune checkpoint protein.

25 Thus the immune checkpoint protein inhibttor in particular is an mhibitor of a2 human tamune

checkpoint protein.

{0849] As used herein, a "protective immune response” refers to a response by the
mmmune system of a mammalian host to a cancer. A protective immune response may provide
a therapeutic effect for the treatment of a cancer, e.g., decreasing tunior size or INCreasing

30 survival.

13



WO 2018/067869 PCT/US2017/055414

{0050] As used herein, the term “antigen” 1S a molecude capable of being bound by an
antibody or T-cell receptor. An antigen may generally be used to induce a humoral immune

response and/or a cellular immune response leading to the production of B and/or T

tymphocytes.
3 [0051] The terms “tumor-associated antigen.” “twmor antigen” and “cancer cell

antigen” are used interchangeably herein. In each case, the terms refer to proteins,

glveoproteins or carbohydrates that are specifically or preferentially expressed by cancer cells.

{00352] The term “chimeric antigen receptors {CARs),” as used herein, may refer to

artificial T-cell receptors, chimeric T-cell receptors, or chimeric mmmunoreceptors, for

10 example, and encompass enginecred roceptors that graft an artificial specificity onto a
particular immune effector cell. CARs may be emploved to impart the specificity of a
monoclonal antibody onto a T cell, thereby allowing a large number of specific T cells to be
generated, for example, for use io adoptive cell therapy. In specific emboduments, CARs direct
specificity of the cell to a tumor associated antigen, for example. In some embodiments, CARs

15 comprise an intracellular activation domain, a transmembrane domain, and an extracelhular
domain comprising a tumor associated antigen binding region. In particular aspects, CARs
comprise fusions of single-chain variable fragments (scFv) derived from monoclonal
antibodics, fused to CD3-zeta a transmembrane domain and endodomain. The specificity of
other CAR designs may be derived from ligands of recepiors {e.g., peptides) or from pattern-

20 recognition receptors, such as Dectins. In certain cases, the spacing of the antigen-recognition
domain can be modified to reduce activation-induced cell death. Tn certain cases, CARs
comprise domains for additional co-stimulatory signaling, such as CD3 FeR, CD27, CD28,
€137, DAPIO, and/or OX40. In some cases, molecules can be co-expressed with the CAR,
mcluding co-stimulatory molecules, reporter genes for imaging (e.g.. for positron cnussion

25 tomography), gene products that conditionally ablate the T cells upon addition of a pro-drug,

homing receptors, chemokines, chemokine receptors, cytokines, and cyvtokine receptors.

{0853] A polynuclestide or polynucleotide region {or a polypeptide or
polypeptide region) has a certain percentage (for example, 80%, 85%, 90%, or 95%) of
"sequence identity” or “homology” to another sequence means that, when aligned, that

30 percentage of bases (or amino acids) are the same in comparing the two sequences. This
alignment and the percent homology or sequence identity can be determined using software

programs known in the art, for example those described 1 CURRENT PROTOCOLS IN
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MOLECULAR BIOLOGY (F. M. Ausubel ef ol |, eds., 1987) Supplement 30, section 7.7.18,
Table 7.7.1. Preferably, default parameters are used for alignment. A preferred alignment
program ts BLAST, using default parameters. o particular, preferred programs are BLASTN
and BLASTP, using the following default parameters: Genetic code=standard; filter=none;
strand=both; cutoff=60; expect=10; Matrix=BLOSUMS62Z; Descriptions=50 sequences; sort
by=HIGH SCORE:; Databases=non-redundant, GenBank+EMBL-+DDBI+PDB+GenBank
CDS translations+SwissProtein+SPupdate+PIR.

HR VGLLI Peptides

[0054] Certain embodiments of the present disclosure concern tumor antigen-specific
peptides, such as to the VGLL1 tumor antigen. In particular embodiments, the tumor antigen-
specific peptides have the anuno acid sequence of a VGLLT peptide (LSELETPGKY: SEQID
N©O:1}. The tumor antigen-specific peptide may have an amino acid sequence with at least 80,
85,80, 93, 96, 97, 98, 99, or 100 percent sequence identity with the peptide sequences of RHO
NG

{0055] As used herein, the term “peptide” encompasses amino acid chains comprising
7-35 amino acids, preferably 8-35 amino acid residues, and even more preferably 8-25 amino
acids, or 7, 8,9, 10, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22,23, 24, 25,26, 27, 28,29, 30,
31, 32, 33, 34, or 35 amino acids in length, or any range derivable therein. For example, a
VGLL1 peptide of the present disclosure may, in some embodiments, comprise or consist of
the VGLLI peptide of SEQ TD NGO:1. As used herein, an “antigenic peptide” 18 a peptide
which, when introduced into a vertebrate, can stimulate the production of antibodies in the
vertebrate, i.e., 15 antigenic, and whercin the antibody can selectively recognize and/or bind the
antigenic peptide. An antigenic peptide may comprise an immunoreactive VGLL1 peptide,
and may comprise additional sequences. The additional sequences may be derived from a
native antigen and may be heterologous, and such sequences may, but need not, be
mmunogenic.  In some embodiments, a tumor antigen-specific peptide {e.g, a VGLLI
peptide) can selectively bind with 2 HLA-A*0101. In certain embodiments, the VGLLI
peptide is 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28. 29, 30,
31, 32, 33, 34, or 35 amino acids in length, or any range derivable therein. Preferably, the
tumor antigen-specific peptide (e.g., a VGLL] peptide) 1s from 8 to 35 amino acids in length.
In some embodiments, the tamor antigen-specific peptide {e.g., a VGLLI peptide) is from & to

10 aming acids in length.
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{0056] As would be appreciated by one of skill in the art, MHC molecules can bind
peptides of varying sizes, but typically not full length proteins. While MHC class I molecules
have been traditionally described to bind to peptides of 8-11 amino acids long, it has been
shown that peptides 15 amino acids in length can bind to MHC class T molecules by bulging in
the middie of the binding site or extending out of the MHC class I binding groove {Guo ef al,
1992; Burrows ef al., 20006; Samino ef al, 2006, Strvhn ef af, 2000; Colling er al., 1994,
Blanchard and Shastri, 2008). Further, recent studies also demoustrated that longer peptides
may be more efficiently endocytosed, processed, and presented by antigen-presenting cells
{Zwaveling et al., 2002; Byker et al., 2007, Melief and van der Burg, 2008, Quintarelli ef al.,
2011}, As demonstrated in Zwaveling ef o/, (2002) peptides up to 35 amino acids in length
may be used to selectively bind a class IF MHC and are effective. As would be immediately
appreciated by one of skill, a naturally occurnng full-length tumor antigen, such as VGLLL,
would not be uschul to selectively bind a class It MHC such that it would be endocytosed and
generate proliferation of T cells. Generally, the naturally occurring full-fength tumor antigen
proteins do not display these properties and would thus not be useful for these immunotherapy

purposes.

{0057] In certain cmbodiments, a tumor antigen-specific peptide (e.g, a VGLLI
peptide) is immunogenic or antigenic. As shown in the below examples, tumor antigen-specific
peptides {e.g., a VGLLI peptide) of the present disclosure can promote the proliferation of T
cells. It is anticipated that such peptides may be used to induce some degree of protective

immunity .

[0038] A tumor antigen-specific peptide {e.g., a VGLL1 peptide} may be a recombinant
peptide, synthetic peptide, purified peptide, immobilized peptide, detectably labeled peptide,
encapsulated peptide, or a vector-expressed peptide {e.g., a peptide encoded by a nucleic acid
m a vector comprising a heterologous promoter operably linked to the nucleic acid). In some
embodiments, a synthetic tumor antigen-specific peptide {e.g., a VGLL1 peptide) may be
administered to a subject, such as a human patient, 1o induce an tmmmune response in the subject.
Syuthetic peptides may display certain advantages, such as a decreased nisk of bacterial
contamination, as compared to recombinantly expressed peptides. A tumor antigen-specific
peptide {e.g., a VGLL1 peptide) may also be comprised in a pharmaceutical composition such
as, e.g., a vaccine composition, which is formulated for administration to a mammalian or

human subject.
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A. Cell Penetrating Peptides

{0059] In some embodiments, an immunotherapy may vtilize a tumor antigen-spectfic
peptide {e.g., a VGLLI peptide} of the present disclosure that is associated with a cell
penetrator, such as a liposome or a cell penetrating peptide (CPP). Antigen presenting celis
{such as dendritic cells) pulsed with peptides may be used to enhance antitumour immunity
{Celluzzi er al., 1996; Young eral,, 1996}, Liposomes and CPPs are described in further detail
below. In some embodiments, an immunotherapy may utilize a nucleic acid encoding a tumor
antigen-specific peptide {e.g., a VGLLI peptide) of the present disclosure, wherein the nucleic

acid is delivered, e.g., in a viral vector or non-viral vector.

{0060] A tumor antigen-specific peptide {e.g, a VGLLI peptide) may also be
associated with or covalently bound to a cell penetrating peptide (CPP). Cell penctrating
peptides that may be covalently bound to a tumor antigen-specific peptide (e.g., a VGLLI
peptide) mclhude, e.g., HIV Tat, herpes virus VP22, the Drosophila Antennapedia homeobox
gene product, signal sequences, fusion sequences, or protegrin I Covalently binding a peptide
to a CPP can prolong the presentation of a peptide by dendritic cells, thus enhancing antitumour
mmunity (Wang and Wang, 2002). In some embodiments, a tumor antigen-specific peptide
{e.g., the VGLL1 peptide) of the present disclosure {e.g., compnsed within a peptide or
polyepitope string) may be covalently bound (e.g., via a peptide bond) to a CPP to generate a
fusion protein. Io other embodiments, a tumor antigen-specific peptide {e.g. a VGLLI
peptide) or nucleic acid encoding a tumor antigen-specific peptide may be encapsulated within

or associated with a liposome, such as a mulitlamellar, vesicular, or multivesicular liposome.

{0061] As used herein, “association” means a physical association, a chemical
association or both. For example, an association can involve a covalent bond, a hydrophobic

mieraction, encapsulation, surface adsorption, or the like.

{0062] As used herein, “cell penetrator” refers to a composition or compound which
enhances the intracellular delivery of the peptide/polyepitope string to the antigen presenting
cell. Forexample, the cell penetrator may be a lipid which, when associated with the peptide,
enhances its capacity to cross the plasma membrane. Alternatively, the cell penetrator may be
a peptide. Cell penetrating peptides (CPPs) are known in the art, and include, e.g., the Tat
protein of HIV (Frankel and Pabo, 1988), the VP22 protein of HSV (Eiliott and O'Hare, 1997)

and fibroblast growth factor (Lin ef o/, 1995}
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{0063] Cell-penctrating peptides {or “protein transduction domams™) have been

identified from the third helix of the Drosophila Antennapedia homeobox gene {(Antp), the HIV

Tat, and the herpes virus VP22, all of which contain positively charged domains cnriched for
arginine and lysine residues (Schwarze ef o, 2000; Schwarze er ¢f., 1999). Also, hydrophobic

5 peptides dertved from signal sequences have been identified as cell-penctrating peptides.
(Rojas er @l., 1996; Rojas et al., 1998; Du er ol , 1998). Coupling these peptides to marker
proteins such as P-galactosidase has been shown to confer efficient internalization of the
marker protein into cells, and chimeric, in-frame fusion proteins containing these peptides have
been used to deliver proteins to a wide spectrum of cell types both in vifro and in vivo (Drin ef

10 al, 2002). Fusion of these cell penetrating peptides to a tumor antigen-specific peptide {e.g.,
a VGLLT peptide) in accordance with the present disclosure may enhance cellular uptake of

the polvpeptides.

{0064] In some embodiments, cellular uptake 1s facilitated by the attachment of a lipid,
such as stearate or myristilate, to the polyvpeptide. Lipidation has been shown to enhance the
15 passage of peptides into cells. The attachment of a lipid moiety is another way that the present

disclosure increases polypeptide uptake by the cell. Cellular uptake is further discussed below.

{0065] A tumor antigen-specific peptide {e.g, a VGLL1 peptide) of the present
disclosure may be mcluded in a liposomal vaceine composition. For example, the posomal
composition may be or comprise a proteoliposomal composition.  Methods for producing

20 proteoliposomal compositions that may be used with the present disclosure are described, e.g.,
m Neelapu ef al. (2007} and Popescu ef ol (2007}, Tn some embodiments, protecliposomal

compositions may be used to treat a melanoma.

{0066] By enhancing the uptake of a tumor antigen-specific polypeptide, it may be

possible to reduce the amount of protein or peptide required for treatment. This in hwrn can

[N
¥4

significantly reduce the cost of treatment and increase the supply of therapeutic agent. Lower

dosages can also munimize the potential immunogencity of peptides and hnut toxic side effects.

{0067] In some cimbodiments, a turmor antigen-specific peptide {e.g., a VGLL1 peptide)
may be associated with a nanoparticle to form nanoparticle-polypeptide complex. In some
embodiments, the nanoparticle 1s a liposomes or other lipid-based nanoparticle such as a lipid-

30 based vesicle {e.g., a DOTAP cholesterol vesicle). In other embodiments, the nanoparticle is

an iron-oxide based superparamagnctic nanoparticles.  Superparamagnetic nanoparticles
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ranging in diameter from about 10 to 100 nm are small enoagh to avoid sequestering by the
spleen, but large enough to avoid clearance by the hiver. Particles this size can penetrate very
small capillaries and can be cffectively distributed in body tissucs.  Superparamagunetic
nanoparticles-polvpeptide complexes can be used as MRI contrast agents to identify and follow
those cells that take ap the tanor antigen-specific peptide {e.g.. a VGLLI peptide). In some
embodiments, the nanoparticle is a semiconductor nanocrystal or a semiconductor guantum
dot, both of which can be used in optical imaging. In further embodiments, the nanoparticle
can be a nanoshell, which comprises a gold layer over a core of silica. One advantage of
nanoshells is that polypeptides can be conjugated to the gold layer using standard chemistry.

In other embodiments, the nanoparticle can be a fullerene or a nanotube (Gupta er al., 2005).

{0068] Peptides are rapidly removed from the circulation by the kidney and are
sensitive to degradation by proteases i serum. By associating a tumor antigen-spectfic peptide
{e.g.. a VGLLI peptide) with a nanoparticle, the nanoparticle-polypeptide complexes of the
present disclosure may protect against degradation and/or reduce clearance by the kidney. This
may increase the serum half-life of polypeptides, thereby reducing the polvpeptide dose need
for effective therapy. Further, this may decrease the costs of freatment, and minimizes

mmunoclogical problems and toxic reactions of therapy.

B. Polyepitope Strings

{0069] In some embodiments, a turnor antigen-specific peptide {e.g., a VGLL1 peptide)
1s mncluded or comprised in a polyepitope string. A polyepitope string is a peptide or
polypeptide containing a plurality of antigenic epitopes from one or more antigens linked
together. A polvepitope string may be used to mduce an immune response in a subject, such
as a human subject. Polyepitope sirings have been previously used to target malarnia and other
pathogens (Baraldo ef al, 2005; Moorthy ef al, 2004; Baird er al., 2004). A polvepitope string
may refer to a nucleic acid {e.g., a nucleic acid encoding a plurality of antigens including a
YGLLI peptide} or a peptide or polvpeptide {e.g., containing a plurality of antigens including

a VGLLI peptide). A polvepitope string may be included m a cancer vaccine composition.

C. Biological Functional Equivalents

[0076] A tumor antigen-specific peptide {e.g, a VGLL] peptide} of the present
disclosure may be modified to contain amino acid sabstitutions, insertions and/or deletions that

do not alter their respective mteractions with an HUA class protein. such as HLA-A*0101,
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binding regions. Such a biologically functional equivalent of a tumor antigen-specific peptide
{e.g., a VGLL1I peptide} could be a molecule having like or otherwise desirable characteristics,

e.g., binding of HLA-A*0101. As a vonlumiting example, certain amino acids mav be
substituted for other amino acids in a tumor antigen-specific peptide {e.g.. a VGLLI peptide)

5 disclosed herein without appreciable loss of interactive capacity, as demonstrated by detectably
unichanged peptide binding to HLA-A*0101. In some embodiments, the tamor antigen-specific
peptide has a substitution mutation at an anchor reside, such as a substitution mutation at one,

two, or all of positions: 1 (P1), 2 (P2), and/or 9 (P9). It is thus contemplated that a tumor
antigen-specific peptide {e.g., a VGLL1 peptide) disclosed herein {or a nucleic acid encoding

10 such a peptide) which 1s modified m sequence and/or structure, but which s unchanged in
biclogical utility or activity remains within the scope of the compositions and methods

disclosed herein

{0071] It 1s also well understood by the skilled artisan that, inherent n the definttion of

a biologically functional equivalent peptide, is the concept that there is a limit to the number

15 of changes that may be made within a defined portion of the molecule while still maintaining
an acceptable level of equivalent biological activitv. Biologically functional equivalent
peptides are thus defined herein as those peptides in which certain, not most or all, of the amino

acids may be substituted. Of course, a plurality of distinet peptides with different substitutions

may easily be made and used i accordance with the present disclosure.

20 {0072] The skilled artisan 15 also aware that where certain residues are shown to be
particularly important to the biological or structural propertics of a peptide, e.g., residues in
specific epitopes, such residues may not generally be exchanged. This may be the case in the
present disclosure, as a mutation in an tumor antigen-specific peptide {e.g., the VGLLIT peptide)
disclosed herein could result in a loss of specics~-specificity and in turn, reduce the utihity of the

25 resulting peptide for use in methods of the present disclosure. Thus, peptides which are
antigenic (e.g., bind HLA-A*(101 specifically) and comprise conservaive amino acid
substitutions are understood to be included in the present disclosure.  Conservative
substitutions are least bikely to drastically alter the activity of a protein. A "counservative amino
acid substitution” refers to replacement of aming acid with a chemically similar amino acid,

36 ie. replacing nonpolar amino acids with other nonpolar aming acids; substitution of polar

amino acids with other polar anmino acids, acidic residues with other acidic amino acids, efc.
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{00731 Amino acid substitutions, such as those which might be employed in modifying

a tumor antigen-specific peptide {e.g.. a VGLLI peptide} disclosed herein are generally based

on the rclative similanty of the amino acid side-chain substituents, for example, their
hydrophobicity, hvdrophilicity, charge, size, and the ike. An analysis of the size, shape and

5 type of the amino acid side-chain substituents reveals that arginine, bysine and histidine are all
positively charged residues; that alanine, glycine and serine are all a similar size; and that
phenylalanine, tryptophan and tyrosine all have a generally simifar shape. Therefore, based
upon these considerations, arginine, lysine and histidine; alanime, glycine and serine; and
phenylalanine, tryptophan and tyrosine; are defined herein as biologically functional

10 cquivalents. In some embodiments, the mutation may enhance TCR-pMHC mteraction and/or

peptide-MHC binding.

{0074] The present disclosure also contemplates isoforms of the tumor antigen-specific
peptides {e.g., a VGLL1 peptide) disclosed herein. An 1soform contains the same number and
kinds of amino acids as a peptide of the present disclosure, but the isoform has a different

15 molecular structure. The isoforms contemplated by the present disclosure are those having the

same properties as a peptide of the present disclosure as described herein.

{0075] Nonstandard amino acids may be incorporated into proteins by chenucal
modification of existing amino acids or by de novo synthesis of a peptide disclosed herein. A
nonstandard amino acid refers to an anuno actd that differs in chemical structure from the

20 twenty standard amino acids encoded by the genetic code.

[0076] In sclect embodiments, the present disclosure contemplates a chemical
derivative of a tumor antigen-specific peptide {e.g, a VGLLI peptide) disclosed hercin
"Chemical derivative” refers to a peptide having one or more residues chemically denvatized

by reaction of a functional side group, and retaining biological activity and utility. Such

[N
¥4

derivatized peptides melude, for example, those in which free amine groups have been
derivatized to form specific salis or derivatized by alkvlation and/or acvlation, p-toluene
sutfonyl groups, carbobenzoxy groups, t-butviocycarbonyi groups, chloroacetyl groups, formyl
or acetyl groups among others. Free carboxyl! groups may be derivatized to form organic or
morganic salts, methyl and cthyl esters or other tvpes of esters or hydrazides and preferably
30 amides {primary or secondary). Chemical denvatives may include those peptides which

comprise one or more naturally occurring amino acids denvatives of the twenty standard amino
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acids. For example, 4-hydroxyproling may be sebstituted for serine; and ornithine may be

substituted for lysine.

[0077] | should be noted that all amino-acid residue sequences are represented herein
by formulag whose left and right orientation is in the conventional direction of amino-terminus
to carboxy-~terminus. Furthemmore, it should be noted that a dash at the beginning or end of an
amingo acid residue sequence indicates a peptide bond (o a further sequence of one or more
amino-acid residues. The amino acids described herein are preferred to be in the "L" isomeric
form. However, residues i the "D" isomenc form can be substituted for any L-amino acid

residue, as long as the desired functional properties set forth heremn are retained by the proten.

{0078] Preferred tumor antigen-specific peptides {e.g., a VGLL1 peptide) or analogs
thereof preferably specifically or preferentially bind a HLA-A*0101. Determining whether or
to what degree a particular tumor antigen-specific peptide or labeled peptide, or an analog
thereof, can bind an HLA-A*0101 and can be assessed using an 77 vifro assay such as, for
example, an enzyme-hnked immunosorbent assay (ELISA), imnumoblotting,
mmunoprecipitation, radioimmumoassay {RIA), immunostaming, latex agglutination, indirect
hemagglutination assay (IHA), complement fixation, indirect immnunofiuorescent assay {FA),
nephelometry, flow cytometry assay, chenuluminescence assay, lateral flow immunoassay, u-
capture assay, mass spectrometry assay, particie-based assav, inhibition assay and/or an avidity

assay.

D, Mucleic Acids Encoding a2 Tumor Antigen-Speciflic Peptide

{0079] In some aspects, the present disclosure provides a nucleic acid encoding an
isolated antigen-specific peptide comprising a sequence that has at least about 90%, 91%, 92%,
§3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence identity SEQ ID NO:1, or the
peptide may have 1, 2. 3, or 4 point mutations {e.g.. substitution mutations) as compared to
SEQ 1D NO: 1. As stated above, such a tumor antigen-specific peptide may be, e.g., from § to
35 anuno acids n length, or any range derivable therein. To some embodiments, the tumor
antigen-specific peptide corresponds to a portion of the tumor antigen protein {e.g., VGLLI:
NP 057351.1). The term "nucleic acid” is intended to inchude DNA and RNA and can be either

double stranded or single stranded.

{0080] Some embodiments of the present disclosure provide recombinantly-~produced

tumor antigen-specific peptides {e.g., a VGLL1 peptide) which can specifically bind a HLA-
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A*0101.  Accordingly, a mucleic acid encoding a tomor antigen-specific peptide may be
operably linked to an expression vector and the peptide produced in the appropriate expression
systern using methods well known i the molecular biological arts. A nucleic acid encoding a
tumor antigen-specific peptide disclosed herein may be incorporated into any expression vector
which ensures good expression of the peptide. Possible expression vectors include but are not
limited to cosnuds, plasmids, or modified viruses {e.g. replication defective retroviruses,
adenoviruses and adeno-associated viruses), so kong as the vector is suitable for transformation

of a host cell.

{0081] A recombinant expression vector being “suitable for transformation of a host
cell” means that the expression vector contains a nucleic acid molecule of the present disclosure
and regulatory sequences selected on the basis of the host cells to be used for expression, which
1s operatively linked to the nucleic acid molecule. The terms, “operatively linked” or “operably
hinked” are used mterchangeably, and are intended to mean that the nucleic acid 1s linked to

regulatory sequences in a manner which allows expression of the nucleic acid

[0082] Accordingly, the present disclosure provides a recombinant expression vector
comprising nucleic acid encoding a tumor antigen-specific peptide, and the necessary
regulatory sequences for the transcription and trasslation of the inserted protein-scquence.
Suitable regulatory sequences may be derived from a varicty of sources, including bacterial,

fungal, or viral genes {(e.g., see the regulatory sequences described in Goeddel (1990).

{0083] Sclection of appropriate regudatory sequences is generally dependent on the host
cell chosen, and may be readily accomplished by one of ordinary skill in the art  Examples of
such regulatory scquences include: a transcriptional promoter and enhancer or RNA
polymerase binding sequence, a nibosomal binding sequence, including a translation nitiation
signal.  Additionally, depending on the host cell chosen and the vector employed, other
sequences, such as an origin of replication, additional DNA restriction sites, enhancers, and
sequences confernng inducibility of transcription may be incorporated mnto the expression
vector. It will also be appreciated that the necessary regulatory sequences may be supplied by

the nattve protein and/or its flanking regions.

{0084] A recombinant expression vector may also contain a selectable marker gene
which facilitates the selection of host cells transformed or transfected with a recombinant tumor

antigen-specific peptides {(e.z., a VGLLI peptide) disclosed herein.  Examples of selectable
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marker genes are genes encoding a protein such as G418 and hygromycin which confer
resistance to certain drugs, P-galactosidase, chloramphenicol acetyltransferase, or firetly
luciferase.  Transcription of the selectable marker gene is mounitored by changes in the
concentration of the selectable marker protein such as PB-galactosidase, chloramphenicol
5 acetyliransferase, or firefly luciferase. If the selectable marker gene encodes a protein
conferring antibictic resistance such as neomycin resistance transformant cells can be selected
with G418, Celis that have incorporated the selectable marker gene will survive, while the
other cells die. This makes it possible to visualize and assay for expression of a recombinant
expression vector, and in particular, to determine the effect of a mutation on expression and
10 phenotype. It will be appreciated that sclectable markers can be introduced on a separate vector

from the nucleic acid of interest.

{0085] Recombinant expression vectors can be mtroduced into host cells to produce a
transformant host cell.  The term "transformant host cell” is intended to melude prokarvotic
and eukaryotic cells which have been transformed or transfected with a recombinant expression

15 wector of the present disclosure.  The terms "transformed with", "transfected with”,
"transformation” and "transfection” are ntended to encompass introduction of nucleic acid
{e.g. a vector) into a cell by one of many possible techniques known in the art. Suitable host
cells include a wide variety of prokaryotic and eukaryotic host cells. For example, the proteins
of the present disclosure may be expressed in bacterial cells such as £ coli, msect cells (using

20 baculovirus), veast cells or mammalian cells.

[0086] A nucleic acd molecule of the present disclosure may alse be chemically
synthesized osing standard techniques.  Various methods of chemically synthesizing
polydeoxy-nucleotides are known, including solid-phase synthesis which, like peptide
synthesis, has been fully automated 1n commercially available DNA synthesizers (see e.g., U.S.

25 Patent Nos. 4,598,049; 4,458,066; 4,401,796, and 4,373,071).
.  Adoptive T Cell Therapy

{0087] Ceortain cmbodiments of the present disclosure concern obtaining and
adounistering T cells to a subject as an immunotherapy to target cancer cells, In particular, the

T cells are antigen-specific T cells (e.g, VGLLI-specific T cells). Several basic approaches

30 forthe derivation, activation and expansion of functional anti-tumor effector T cells have been

described in the last two decades. These include: autologous celis, such as tumor-infiltrating
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ymphocoytes (TILs); T cells activated ex-vive using autologous DCs, lymphocytes, artificial
antigen-presenting celis {APCs) or beads coated with T cell ligands and activating antibodies,
or cells isolated by virtue of capturing target cell membrane; allogeneic cells naturally
expressing anti-host tumor T cell receptor (TCR}); and non-tumor-specific autologous or
allogeneic cells genetically reprogrammed or "redirected” to express tumor-reactive TCR or
chimeric TCR molecules displaying antibody-like tumor recognition capacity known as "T-
bodies". These approaches have given rise to nwmcerous protocols for T cell preparation and

mmunization which can be used in the methods described herein.

Al T Cell Preparation

{0088} In some embodiments, the T cells are dertved from the blood, bone marrow,
tvroph, or lymphoid organs. In some aspects, the cells are huran cells. The cclls typically are
primary cells, such as those isolated directly from a subject and/or isolated from a subject and
frozen. In some embodiments, the cells inclade one or more subsets of T celis or other cell
types, such as whole T cell populations, CD47 celis, CD8” cells, and subpopulations thereof,
such as those defined by function, activation state, maturity, potential for differentiation,
expansion, recirculation, locahization, and/or persistence capacitics, antigen- specificity, type
of antigen receptor, presence in a particular organ or compartment, marker or cytokine
secretion profile, and/or degree of differentiation. With reference to the subject to be treated,
the cells may be allogencic and/or autologous. In some aspects, such as for off-the-shelf
technologies, the cells are pluripotent and/or multipotent, such as stem cells, such as induced
plaripotent stem celis (iPSCs). In some embodiments, the methods include isolating cells from

g, and/or engineering them, as described herein, and

the subject, preparing, processing, culturing,

re-introducing them into the same patient, before or after cryopreservation,

[0089] Among the sub-types and subpopulations of T cells {e.g., CD4" and/or CDEY T
cells) are naive T (Tw) cells, effector T cells (Terr), memory T cells and sub-types thereof, such
as stem cell memory T (TSCwm), central memory T (TCw), effector memory T (Teu), or
terminally ditfferentiated effector memory T cells, tumor-infiltrating lymphoeytes (TIL),
mmature T cells, mature T cells, belper T cells, cytotoxic T cells, mucosa-associated mvariant
T (MAIT) cells, naturally occurring and adaptive regulatory T (Treg) cells, helper T cells, such
as THT cells, TH2 cells, TH3 cells, TH17 cells, THY cells, TH22 cells, follicular helper T cells,

alpha/beta T cells, and delta/ganumna T cells.
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{00%0] In some embodiments, one or more of the T cell populations is enriched for or
depleted of celis that are positive for a specific marker, such as surface markers, or that are
vegative for a specific marker. In some cases, such markers are those that arc absent or
expressed at relatively low levels on certain populations of T cells {e. g, non-memory cells) but
are present or expressed at relatively higher levels on certain other populations of T cells {e.g.,

memory celis).

{0091} In some embodiments, T cells are separated from a PBMC sample by negative
selection of markers expressed on non-T cells, such as B cells, monocytes, or other white blood
cells, such as CD14. In some aspects, a CD4* or CD8” selection step 1s used to separate CD4™
helper and CD8™ cytotoxic T cells. Such D47 and CD8™ populations can be further sorted into
sub-populations by positive or negative selection for markers expressed or expressed to a

relatively higher degree on one or more naive, memory, and/or effector T cell subpopulations.

{0092] In some embodiments, CD8" T cells arc further enniched for or depleted of
naive, central memory, effector memory, and/or central memory stem cells, such as by positive
or negative selection based on surface antigens associated with the respective subpopulation.
In some embodiments, enrichment for central memory T (Tom cells is carried out to increase
efficacy, such as to mmprove long-term survival, expansion, and/or engraftment following
administration, which in some aspects is particularly robust in such sub-populations. Sce

Terakura ef ol {2012) Blood. 1:72- 82; Wang ef al. (2012} J Immunother. 35(9).689-701.

{0093] In some embodiments, the T cells are autologous T cells. In this method, tumor
samples are obtained from patients and a single cell suspension is obtained. The single cell
suspension can be obtained in any suitable manuer, e.g, mechanically {(disaggregating the
tumor using, 2.g., a gentleMACS™ Dhssociator, Miftenyt Biotec, Aubum, Calhif) or
enzymatically (e.g., collagenase or DNase}. Single-cell suspensions of tumor enzvmatic digesis
are cultured in interfeukin-2 (IL-2). The cells are cultured until confluence (e.g., about 2x10°
lymphocytes), e.g., from about 5 to about 21 davs, preferably from about 10 to about 14 days.
For example, the cells may be cultured from 5 days, 5.5 days, or 5.8 days to 21 days, 21.5 days,

or 21.8 days, such as from 10 days, 10.5 davs, or 10.8 days to 14 days, 14.5 days, or 14.8 days.

{00%94] The celtured T cells can be pooled and rapidly expanded. Rapid expansion
provides an increase in the number of antigen-specific T cells of at least about 50-fold {e.g.,

30-, 60-, 70-, 80~, 90-, or 100-fold, or greater) over a period of about 190 to about 14 days. More
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preferably, rapid expansion provides an increase of at least about 200-fold {e.g., 200-, 300-,

490-, 500-, 600-, 700-, 800-, 900-, or greater) over a period of about 10 to about 14 days.

[0095] Expansion can be accomphished by any of a number of methods as are known
i the art. For example, T celis can be rapidly expanded using non-specific T cell receptor
stimulation in the presence of foeder lymphocytes and either interdeukin-2 (IL-2) or interleukin-
15 (IL-15), with 1L-2 being preferred. The non-specific T-cell receptor stimelus can include
around 30 ng/ml of OKT3, a mouse monoclonal anti-CD3 antibody (available from Ortho-
McNeil®, Raritan, N.J.). Alternatively, T cells can be rapidly expanded by stimulation of
peripheral blood mononuclear cells (PBMC) in virro with one or more antigens {(inchuding
antigenic portions thereof, such as epitope(s), or a cell} of the cancer, which can be optionally
expressed from a vector, such as an human leukocyte antigen Al (HLA-AT) binding peptide,
m the presence of a T-cell growth factor, such as 300 [U/ml 1L-2 or IL~-15, with IL-2 being
preferred. The in vifro-mduced T-cells are rapidly expanded by re-stimulation with the same
antigen(s) of the cancer puised onto HLA-Al-expressing antigen-presenting  cells.
Altematively, the T-cells can be re-stimulated with irradiated, autologous lymphocytes or with

uradiated HLA-A 1+ allogencic lymphocyies and TL-2, for example.

{0096] The autologous T-cells can be modified to express a T-cell growth factor that
promotes the growth and activation of the autologous T-cells. Suitable T-cell growth factors
mehude, for example, mterleukin JL}-2, IL-7, IL-13, and IL-12. Suitable methods of
maodification are known in the art. See, for instance, Sambrook ot al., Molecular Cloning: A4
Laboratory Manual, 39 ed., Cold Spring Harbor Press, Cold Spring Harbor, NY. 2001; and
Ausubel et al., Current Protocols in Molecular Biology, Greene Publishing Associates and
John Wiley & Sons, NY, 1994, In particular aspects, modified autologous T-cells express the
T-cell growth factor at high levels. T-cell growth factor coding sequences, such as that of T~
12, are readily available in the art, as are promoters, the operable linkage of which to a T-cell

growth factor coding sequence promote high-level expression.

B. Genetically Engineered Antigen Receptors

{0097 The T cell can genctically engincered to express antigen receptors such as
engineered TCRs and/or CARs. For example, the autologous T-cells are modified to express a
TCR having antigenic specificity for a cancer antigen. In particular embodiments, the antigen
receptors have antigenic specificity for VGLL1,. Suitable methods of modification are known

m the art. See, for instance, Sambrook and Ausubel. For example, the T cells may be transduced
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to express a T cell receptor (TCR) having antigenic specificity for a cancer antigen using
transduction techniques described in Heemskerk ef al. Hum Gene Ther. 19:496-510 (2008) and
Johnson ef al. Blood 114:535-46 (2009).

{0098] In some cmbodiments, the T celis comprise one or more nucleic acids
mtroduced via genetic engineering that encode one or more antigen receptors, and genetically
engincered products of such nucleic acids. In some embodiments, the nuacleic acids are
heterologous, 7.e., normally not present in a cell or sample obtained from the cell, such as one
obtained from another organism or cell, which for example, is not ordinarily found in the cell
being engineered and/or an organism from which such cell 1s derived. In some embodiments,
the nucleic acids are not naturally occurring, such as a nucleic acid not found in nature {e.g.,

chimeric).

{0099] In some embodiments, the CAR contains an extracellular antigen-recogmition
domain that specifically binds to an antigen. In some embodiments, the antigen is a protein
expressed on the surface of cells. In some embodiments, the CAR i1s a TCR-ike CAR and the
antigen is a processed peptide antigen, such as a peptide antigen of an intracellolar protemn,
which, like a TCR. is recognized on the cell surface in the context of a major histocompatibility

complex (MHC) molecule.

{00100} Exemplary antigen receptors, including CARs and recombinant TCRs,
as well as methods for engineering and ntroducing the receptors into cells, include those
described, for example, m  infernational patent application pubhication numbers
WO200014257, WO02013126726, WO02012/129514, WO2014031687, W02013/166321,
WO2013/671154, WO2013/123061 US. patent application publication numbers
US2002131960, US2013287748, US20130149337, U8, Patent Nos.: 6,451,995, 7,446,190,
8,252,592, 8,339,645, 8,398,282, 7,446,179, 6,410,319, 7,070,995, 7,265,209, 7,354,762,
7,446,191, 8,324,353, and 8,479,118, and European patent application number EP2537416,
and/or those described by Sadelain ef ol Cancer Discov. 2013 April; 3(4): 388-398; Davila ef
al. (2013} PLoS ONE 8(4): ¢61338; Turtle ef i, Curr. Opin. Immunol., 2012 October; 24(3):
633-39; Wu ef al., Cancer, 2012 March 18(2) 160-75. In some aspects, the genctically
engincered antigen receptors include a CAR as described in U S, Patent No.: 7,446,190, and

those described in International Patent Application Publication No.. W(/2014055668 Al
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1. Chimeric Antigen Recepiors

{00101} In some embodiments, the engineered antigen receptors include CARs,
mcluding activating or stimulatory CARs, costimulatory CARs (see WO2014/055668), and/or
mhibitory CARs (GCARs, see Fedorov er of, 2013). The CARs generally include an
extracchular antigen (or ligand) binding domain linked to one or more intracellular signaling
components, in some aspects via linkers and/or transmembrane domain{s}. Such molecules
typically mimic or approximate a signal through a natural antigen receptor, a signal through
such a receptor in combimation with a costimulatory receptor, and/or a signal through a

costimuiatory receptor alone.

{00102} In some embodiments, CAR is constructed with a specificity for a
particular antigen {or marker or ligand), such as an antigen expressed in a particular cell type
to be targeted by adoptive therapy, e.g., a cancer marker, and/or an antigen intended to induce
a dampening response, such as an antigen expressed on a normal or non-diseased cell type.
Thus, the CAR typically includes in its extracellular portion one or more antigen binding
molecules, such as one or more antigen-binding fragment, domain, or portion, or one or More
antibody variable domains, and/or antibody molecules. In some embodiments, the CAR
mcludes an antigen-binding portion or portions of an antibody molecule, such as a single-chain
antibody fragment (scFv) derived from the variable heavy (VH) and variable light (VL) chains

of a monocional antibody {(mAb}.

[00163] In some aspects, the antigen-~-specific binding, or recognition component
is linked to one or more transmembrane and intracellular signaling domaimns. In some
embodiments, the CAR includes a transmembrane domain fused to the extracelhular domain of
the CAR. Tn one embodiment, the transmembrane domain that naturally is associated with one
of the domains m the CAR 15 used. In some nstances, the transmembrane domain 1s selecte
or modified by amino acid substitution to avoid binding of such domains to the transmembrane
domains of the same or different surface membrane proteins to minimize interactions with other

members of the receptor complex.

{00104} The transmembrane domain in some embodiments is derived either from
a natural or from a syothetic source. Where the source is natural, the domain in some aspects
is derived from any membrane-bound or transmembrane protem. Transmembrane regions
include those derived from (7.e., comprise at least the transmembrane region{s) of} the alpha,
beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD43, CD4, CDS, DS, CD9,
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Chio, CD22, Ch33, CD37, CD64, CD8O, Chso, CD134, CD137, CD154. Alternatively the
transmembrane domain in some embodiments is synthetic. In some aspects, the synthetic
transmembrane domain comprises predominantly hydrophobic residues such as leucine and
valine. In some aspects, a triplet of phenylalanine, tryptophan and valine will be found at each

end of a synthetic transmembrane domain.

{06105} The CAR generally includes at least one intracellular signaling
component or components. In some cmbodiments, the CAR includes an intraceliular
component of the TCR complex, such as a TCR CD3" chain that mediates T-cell activation and
cviotoxicity, e.g., CD3 zeta chain. Thus, in some aspects, the antigen binding molecule 1s inked
to one or more cell signaling modules. In some embodiments, cell signaling modules include
CD3 transmembrane domain, D3 intracellular signaling domains, and/or other CD
transmembrane domamns. In some embodunents, the CAR further includes a portion of one or
more additional molecules such as Fe receptor v, CD8, CD4, CD2S, or CD 6. For example, in
some aspects, the CAR includes a chimeric molecule between CD3-zeta, CD3-0} or Fo receptor
vand CD8, CD4, CD25 or CD16.

2. T Cell Receptor (TCR)

{00166} In some embodiments, the genetically engincered antigen receptors
melade recombinant TCRs and/or TCRs cloned from naturally occurnng T cells. A "7 cell
receptor” or "TCR" refers to a molecule that contains a variable ¢ and B chains {also known as
TCRa and TCRp, respectively) or a variable y and § chains (also known as TCRy and TCRS,
respectively) and that is capable of specifically binding to an antigen peptide bound to a MHC
receptor. In some embodiments, the TCR is in the off form. Typically, TCRs that exist in off
and v forms are generally structurally similar, but T cells expressing them may have distinct
anatomical locations or functions. A TCR can be found on the surface of a cell or in soluble
form. Generaily, a TCR 1s found on the surface of T cells (or T lymphoeytes} where it is
generally responsible for recognizing antigens bound to major histocompatibility complex
(MHC) molecules. fn some embodiments, a TCR also can contain a constant domain, a
transmembrane domain and/or a short cytoplasmic tail (see, e.g., Janeway ef of, 1997). For
example, in some aspects, each chain of the TCR can possess one N-terminal imnwmoglobulin
variable domain, one immunoglobulin constant domain, a transmembrane region, and a short
cyvioplasmic tail at the C- terminal end. In some embodiments, a TCR is associated with

mvariant proteins of the CD3 complex mvolved in mediating signal transduction. Unless
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otherwise stated, the term "TCR" should be onderstood to encompass functional TCR
fragments thereof. The term also encompasses intact or full-length TCRs, including TCRs in

the aff form or v3 form.

[00107] Thus, for purposes herein, reference to a TCR includes any TCR or
functional fragment, such as an antigen-binding portion of a TCR that binds to a specific
antigenic peptide bound in an MHC molecule, i.e. MHC-peptide complex. An "antigen-binding
portion" or “antigen-binding fragment” of a TCR, which can be used interchangeably, refers to
a molecule that contains a portion of the structural domains of a TCR, but that binds the antigen
{e.g., MHC-peptide complex) to which the full TCR binds. In some cases, an antigen-binding
portion contains the variable domains of a TCR, such as variable a chain and variable B chain
of a TCR, sufficient to form a binding site for binding to a specific MHC-peptide complex,

such as generally where each chain contains three complementarity determining regions.

[{00108] In some embodiments, the variable domains of the TCR chains associate
to form loops, or complementanty determining regions (CDRs)  analogous to
mamunoglobulins, which confer antigen recognition and determine peptide specificity by
forming the binding site of the TCR molecule and determine peptide specificity. Typically, like
mmunoglobulins, the CDRs are separated by framework regions (FRs) (sce, e.g., Chothia e
al., 1988). In some cmbodiments, CDR3 1s the main CDR responsible for recogmizing
processed antigen, although CDR1 of the alpha chain has also been shown to interact with the
N-terminal part of the antigenic peptide, whercas CDR1 of the beta chain interacts with the C-
terminal part of the peptide. CDR2 is thought to recognize the MHC molecule. In some
embodiments, the variable region of the B-chain can contain a further hypervariability (HV4)

region.

{00109} In some embodiments, the TCR chams contain a constant domain. For
example, like immunoglobulins, the extracelular portion of TCR chains (e g., a-chain, B-chain)
can contain two immunoglobulin domains, a vanable domain (e.g., Va or Vp; typically amino
actds 1 to 116 based on Kabat numbering Kabat er af, "Sequences of Proteins of
Immunological Interest, US Dept. Health and Human Services, Public Health Service National
Institutes of Health, 1991, 5% ¢d.) at the N-terminus, and one constant domain (e.g., a~chain
constant domain or Ca, typically amino acids 117 to 259 based on Kabat, B-chain constant
domain or Cp, typically amino acids 117 to 295 based on Kabat) adjacent to the cell membrane.

For example, in some cases, the extracellular portion of the TCR formed by the two chains
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confaing two membrane-proximal constant domains, and two membrane-distal variable
domuains containing CDRs. The constant domain of the TCR domain contains short connecting
sequences i which a cysteine residue forms a disulfide bond, making a link between the two
chains. In some embodiments, a TCR may have an additional cysteine residue in each of the o

and f chains such that the TCR contains two disulfide bonds in the constant domains.

{80119} In some embodiments, the TCR chains can contain a transmembrane
domain. In some embodiments, the transmembrane domain is positively charged. In some
cases, the TCR chains contains a cytoplasmic tail. In some cases, the structure allows the TCR.
to associate with other molecules like CD3. For example, a TCR containing constant domains
with a transmembrane region can anchor the protein in the cell membrane and associate with

mvariant subunits of the CD3 signaling apparatus or complex.

{00111} Generally, CD3 15 a multi-protein complex that can possess three
distinct chains (v, 3, and &) i mammals and the {-chain. For cxample, in manunals the complex
can contain a D3y chaim, a CD33 chain, two D3¢ chains, and a homodimer of CD3( chains.
The CD3y, CD38, and CD3e chamns are highly related cell surface protemns of the
mmunoglobulin superfamily  contaming  a  single  immunoglobulin - domain.  The
transmembrane regions of the CD3y, €D38, and CD3s chains are negatively charged, which is
a characteristic that allows these chains to associate with the positively charged T cell receptor
chains. The mtraccllular tails of the CD3y, CD38, and CD3s chains cach contain a single
conserved maotif known as an mmmunoreceptor tyrosine -based activation motif or ITAM,
whereas each CD3( chain has three. Generally, TTAMSs are involved in the signaling capacity
of the TCR complex. These accessory molecules have negatively charged transmembrane
regions and play a role in propagating the signal from the TCR into the cell. The CD3- and (-

chains, together with the TCR, form what is known as the T cell receptor complex.

[00112] In some embodiments, the TCR may be a heterodimer of two chains o
and P {or optionally y and &) or it may be a single chain TCR construct. In some embodiments,
the TCR 1s a heterodimer containing two separate chains (o and p chains or y and & chamns) that
are linked, such as by a disulfide bond or disulfide bonds. In some embodiments, a TCR fora
target antigen {e.g., a cancer antigen) is identified and introduced into the cells. In some
cmbodiments, nucleic acid encoding the TCR can be obtained from a vartety of sources, such
as by polymerase chain reaction (PCR}) amplification of publicly available TCR DNA

sequences. In some embodiments, the TCR is obtained from a biclogical scurce, such as from
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cells such as from a T cell (e.g. cvtotoxic T celly, T cell hybridomas or other publicly available
source. In some embodiments, the T cells can be obtained from in vivo isolated cells. In some
cembodiments, a high-affinity T cell clone can be isolated from a patient, and the TCR isolated.
In some embodiments, the T cells can be a cultured T cell hybridoma or clone. In some
embodiments, the TCR clone for a target antigen has been generated in {ransgenic mice
engineered with human immune system genes {e.g., the human leukocyte antigen system, or
HLA). See, e.g., tumor antigens (see, e.g., Parkhurst er o/, 2009 and Cohen er o/, 2005). In
some embodiments, phage display is used to isolate TCRs against a target antigen {see, e.g.,
Varela-Rohena ef of., 2008 and Li, 2005}, In some embodiments, the TCR or antigen-binding

portion thereof can be synthetically generated from knowledge of the sequence of the TCR.

3. Antigen-Presenting Cells

[00113] Antigen-presenting cells, which include macrophages, B lvmphocytes,
and dendritic cells, are distinguished by their expression of a particular MHC molecule. APCs
ternalize antigen and re-express a part of that antigen, together with the MHC molecule on
their outer cell membrane. The major histocompatibility complex (MHC) 15 a large genetic
complex with multiple loct. The MHC loci encode two major classes of MHC membrane
molecules, referred to as class T and class T MHCs. T helper lvmphocytes generally recognize
antigen associated with MHC class I molecules, and T cytotoxic lymphoeytes recognize
antigen associated with MHC class I molecules. In humans the MHC is referred to as the HLA

complex and in mice the H-2 complex.

{00114} In some cases, aAPCs are useful i prepanng therapeutic compositions
and cell therapy products of the embodiments. For general guidance regarding the preparation
and use of antigen-presenting systems, see, e.g., U8, Pat. Nos. 6,225,042, 6,335,479, 6,362,001
and 6,790,662; UK. Patent Application Publication Nos. 2009/06017000 and 2009/0004142;
and International Publication No. W(Q2007/103009.

{00115} aAPC systems may comprise at least one exogenous assisting molecule.
Any suitable number and combination of assisting molecules may be employed. The assisting
molecule may be selected from assisting molecules such as co-stimulatory molecules and
adhesion molecules. Exemplary co-stimulatory molecules include CD2R6, CD64 (FoyRI), 41BB
ligand, and 1L.-21. Adhesion molecules may include carbohydrate-binding glycoproteins such
as seclectins, transmembrane binding glycoproteins such as mtegrins, calcium-dependent

proteins such as cadherins, and single-pass transmembrane mmumunoglobulin (Ig) superfamily
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proteins, such as intercellular adhesion molecules (ICAMs), which promote, for example, celi-
to-cell or celi-to-matrix contact. Exemplary adhesion molecules include LFA-3 and ICAMs,
such as ICAM-1. Techniques, methods, and reagents uscful for selection, cloning, preparation,
and expression of exemplary assisting molecules, ncluding co-stimulatory molecules and
adheston molecules, are exemplified m, eg, U.S. Patent Nos. 6,225,042, 6,355,479, and
6,362,001

V. Methods of Treatment

00116} Further provided herein are methods for treating or delayving progression
of cancer in an individual comprising administering to the individual an effective amount an
antigen-specific T cell therapy, such as a VGLL-specific T cell therapy. Adoptive T cell
therapies with genetically engineered TCR-transduced T cells (comjugate TCR to other
bioreactive proteins (e.g., anti-CD3) are also provided herein. In firther embodiments, methods
are provided for the treatment of cancer comprising imununizing a subject with a purified tumor

anfigen or an immunodominant tumor antigen-specific peptide.

{00117} Examples of cancers contemplated for treatment nclude lung cancer,
head and neck cancer, breast cancer, pancreatic cancer, prostate cancer, renal cancer, boune
cancer, testicular cancer, cervical cancer, gastromtestimal cancer, lvmphomas, pre-neoplastic
lesions in the hung, colon cancer, melanoma, and bladder cancer. Additional exemplary cancers
melude, but are not limited to, lung cancer, head and neck cancer, breast cancer, pancreatic
cancer, prostate cancer, renal cancer, bone cancer, testicular cancer, cervical cancer,
gastrointestinal cancer, lymphomas, pre-neoplastic lesions in the lung, colon cancer,
melanoma, and bladder cancer. Further examples cancers include relanomas, malignant
melanomas, colon carcinomas, Ivmphomas, sarcomas, blastomas, renal carcinomas,
gastrointestinal tumors, gliomas, prostate tumors, bladder cancer, rectal tumors, stomach
cancer, oesophageal cancer, pancreatic cancer, liver cancer, mamunary carcinomas, wterine
cancer, cervical cancer, acute myeloid leukaemia (AML), acute Iymphoid leukaemia (ALL),
chronic myveloid leukacmia (UML), chronic lymphocytic leukaenmuia (CLL), leukacmia,
hepatomas, various virus-induced tumors such as, for example, papilloma virus-induced
carcinomas {e.g. cervical carcinoma), adenocarcing-mas, herpes virus-induced tumors (e.g.
Burkatt's lymphoma, EBV-induced B cell lvmphoma), heptatitis B-induced tumors (hepatocell
carcinomas), HILV-i- and HTLV-Z-induced lym-phomas, acoustic neuroma, lung

carcinomas, small-cell hung carcinomas. pharyngeal cancer, anal carcinoma, glicblastoma,
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rectal carcinoma, astrocy-toma, brain tumors, retinoblastoma, basalioma, brain metastases,
medulloblastomas, vaginal cancer, pancreatic cancer, testicular cancer, Hodgkin's syndrome,
meningiomas, Schneeberger disease, hvpophbysis tumor, Mycosis fungoides, carcinoids,
neurinoma, spinalioma, Burkitt's lvmphoma. laryngeal cancer, renal cancer, thymoma, corpus
5  carcinoma, bone cancer, non-Hodgkim's lvmphomas, wrethral cancer, CUP syndrome,
head/meck tumors , oligodendrogli-oma, vulval cancer, intestinal cancer, colon carcinoma,
ocsophageal carcinoma, wart involvement, tumors of the small intestine, craniopharyngeomas,
ovarian carci-noma, genital tumors, ovanan cancer, pancreatic carcinoma, endometrial
carcinoma, liver metastases, penile cancer, tongue cancer, gall bladder cancer, leukasmia,

10 plasmocytoma, lid tumor, and prostate cancer.

{00118} In some embodiments, T cells are autologous. However the celis can be
allogencic. In some cmbodiments, the T cells are isolated from the patient themself, so that the
cells are autologous. Ifthe T cells are allogeneic, the T cells can be pooled from several donors.
The cclls are administered to the subject of interest in an amount sufficient to control, reduce,

15 orclinunate symptoms and signs of the discase being treated.

{00119} In some embodiments, the subject can be administered
nonmyeloablative lymphodepleting chemotherapy prior to the T cell therapy. The
nonmyeloablative lymphodepleting chemotherapy can be any suitable such therapy, which can
be administered by any suitable route. The nonmyeloablative lymphodepleting chemotherapy

20 can comprise, for ecxample, the administration of cvclophosphamide and fludarabine,
particularly if the cancer is melanoma, which can be metastatic. An exemplary route of
administering cyclophosphamide and fludarabine is mtravenously. Likewise, any suitable dose
of cyclophosphamide and fludarabine can be administered. In particular aspects, around 69
mg/kg of cyclophosphamide is administered for two davs after which around 25 mg/m®

25 fludarabine is administered for five days.

{00120} In certain embodiments, a T-cell growth factor that promotes the growth
and activation of the autologous T cells is administered to the subject either concomitantly with
the autologous T cells or subsequently to the autologous T cells. The T-cell growth factor can
be any suitable growth factor that promotes the growth and activation of the autologous T-cells.

30 Examples of suitable T-cell growth factors include mterleukan (TL)-2, 1L-7, 1L-15, and TL.-12,

which can be used alone or in various combinations, such as [L-2 and IL-7, IL-2 and IL-15,
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IL-7 and IL-15, IL-2, IL-7 and 1L-15, IL-12 and IL-7, IL-12 and IL-15, or IL-12 and IL2. IL-

12 15 a preferred T-cell growth factor.

[0ni21} The T cell may be administered intravenously, intramuscularly,
subcutancously, topically, orally, transdermally, intraperitoncally, intraorbitally, by
mmplantation, by inhalation, intrathecally, intraventricularly, or mtranasally. The appropriate
dosage of the T cell therapy mayv be determined based on the type of disease to be treated,
severity and course of the disease, the clinical condition of the individual, the individual's

chinical history and response to the treatment, and the discretion of the attending physician.

[00122] Iatratumoral injection, or injection into the tumor vasculabure is
specifically contemplated for discrete, solid, accessible tumors. Local, regional or systemic
adounistration also may be appropriate. For tumors of >4 cm, the volume to be administered
will be about 4-10 ml (in particalar 10 miy, while for tumors of <4 cm, a volume of about 1-3
mi will be used (in particular 3 mi). Multiple injections delivered as single dose comprise about

0.1 to about 0.5 ml volumes.

A, Pharmaceutical Compositions

{00123} Also provided herein are pharmaceutical compositions and formulations
comprising antigen-specific T cell therapy and a pharmaceutically acceptable carrier. A
vaccine composition for pharmaceutical use 1 a subject may comprise a tumor antigen peptide

{e.g., VGLLI} composition disclosed herein and a pharmaceutically acceptable carmer.

[06124] Pharmaccutical compositions and formulations as described heremn can
be prepared by mixing the active ingredients (such as an antibody or a polypeptide) having the
desired degree of purity with one or more optional pharmaceutically acceptable carriers
{Remington's Pharmaceutical Sciences 22% edition, 2012), in the form of lyophilized
formulations or aqueous solutions. Pharmaceutically acceptable carriers are generally nontoxic
to recipients at the dosages and concentrations emploved, and include, but are not limited to:
buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid
and methiomine; preservatives {such as octadecyldimethylbenzyl ammonium  chlonde;
hexamethomum chlonde; benzalkonium chloride; benzethomum chloride; phenol, butyl or
benzyl alcohol, alkyl parabens such as methyl or propyl paraben; catechol; resorcinok;
cyclohexanol; 3-pentanol; and m-~cresol); low molecular weight (less than about 10 residucs)

polypeptides; proteins, such as serum albumin, gelatin, or mmmunoglobulins; hydrophilic
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polymers such as polyvinyipyrrolidone; amino acids sach as glycine, ghutamine, asparagine,
histidine, arginine, or lvsine, monosaccharides, disaccharides, and other carbohvdrates
mcluding glucose, mannose, or dextrins; chelating agents such as EDTA; sugars such as
sucrose, mannitol, trehalose or sorbitel, salt-formung counter-ions such as sodium; metal
complexes {e.g. Zn- protein complexes); and/or non-ionic surfactants such as polyethylene
glycol (PEG). Exemplary pharmaceutically acceptable carriers herein further include
msterstitial drug dispersion agents such as soluble neutral-active hyaluronidase glycoproteins
{SHASEGP), for example, human soluble PH-20 hyalwonidase glycoproteins, such as
fHoPH20 (HYLENEX®, Baxter International, Inc). Certain exemplary sHASEGPs and
methods of wuse. mncluding rHuPHZ0, are described mn US Patent Publication Nos.
2005/0260186 and 2006/0104968. In one aspect, a sHASEGP 15 combined with one or more

additional glycosaminoglyeanases such as chondroitinases.

B. Combination Therapies

[00125] In certain embodiments, the compositions and methods of the present
embodiments involve an antigen peptide or antigen-specific T cell population in combination
with at least one additional therapy. The additional therapy may be radiation therapy, surgery
{e.g., lampectomy and a mastectomy), chemotherapy, gene therapy, DNA therapy, viral
therapy, RNA therapy, immunotherapy, bone marrow transplantation, nanotherapy,
monoclonal antibody therapy, or a combination of the foregomg. The additional therapy may

be in the form of adjuvant or neoadjuvant therapy.

{00126} In some embodiments, the additional therapy is the administration of
smadl molecule enzymatic mhibitor or anti-metastatic agent. In some embodiments, the
additional therapy is the administration of side-effect imiting agents {(e.g., agents intended 1o
lessen the occurrence and/or severity of side effects of treatment, such as anti-nausea agents,
efe.). In some embodiments, the additional therapy is radiation therapy. In some embodiments,
the additional therapy is surgery. In some embodiments, the additional therapy is a combination
of radiation therapy and surgery. In some embodiments, the additional therapy is gamma
pradiation.  In  some embodiments, the additional therapy is therapy targeting
PBK/AKT/mTOR pathway, HSP90 inhibitor, tubulin inhibitor, apoptosis inhibitor, and/or
chemopreventative agent. The additional therapy may be one or more of the chemotherapeutic

agents known mn the art.
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{90127} A T cell therapy may be administered before, during, after, or in various
combinations relative to an additional cancer therapy, such as mnroune checkpoint therapy. The
administrations may be in intervals ranging from concurrently to minutes to days to weeks. In
embodiments where the T cell therapy is provided to a patient separately from an additional
therapeutic agent, one would generally ensure that a significant period of time did not expire
between the time of ecach delivery, such that the two compounds would still be able to exert an
advantageously combined effect on the patient. In such instances, it is contemplated that one
may provide a patient with the antibody therapy and the anti-cancer therapy within about 12 to
24 or 72 h of each other and, more particularly, within about 6-12 h of each other. In some
situations it may be desirable to extend the time period for treatment significantly where several
days {2, 3, 4, 5, 6, or 7} 1o several weeks (1, 2, 3, 4, 5, 6, 7, or 8) lapsc between respective

administrations.

{00128} Various combinations may be emploved. For the example below an

antigen peptide or antigen-specific T cell therapy is “A” and an anti-cancer therapy is “B

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A
B/A/B/A B/A/A/B A/A/A/B B/AJ/AIA A/B/A/A AJA/B/A

[00129] Administration of any compound or therapy of the present embodiments
to a patient will follow general protocols for the administration of such compounds, taking into
account the toxicity, if any, of the agents. Therefore, in some cmbodiments there is a step of

monitoring foxicity that is attributable to combmation therapy.

1. Chemotherapy

{001 30} A wide variety of chemotherapeutic agents may be used in accordance
with the present embodiments. The term “chemotherapy” refers to the use of drugs to treat
cancer. A “chemotherapeutic agent” is used to connote a compound or composition that is
administered 1n the treatment of cancer. These agents or drugs are categorized by their mode
of activity within a cell, for example, whether and at what stage they affect the cell cyele.
Alternatively, an agent may be characterized based on its ability to directly cross-link DNA, to
mtercalate into DNA, or to induce chromosomal and mitotic aberrations by affecting nucleic

acid synthesis.
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{00131} Examples of chemotherapeutic agents include alkvlating agents, such as
thiotepa and cyclosphosphamide; alkyl sulfonates, such as busulfan, improsulfan and
piposulfan; aziridines, such as beonzodopa, carboguone, mcturedopa, and uredopa;
cthvlenimines and methylamelamines, including altretamine, tniethvlenemclamine,

5 wrietylenephosphoramide,  triethivienethiophosphoramide, and  trimethyiolomelamine;
acetogenins {especially bullatacin and bullatacinone); a camptothecin (including the synthetic
analogue topotecan); bryvostatin; callystating CC-1065 (including its adozelesin, carzelesin and
bizelesin synthetic analogues); cryvptophveins (particularly cryptophyein 1 and cryptophyein
8} dolastating duccarmycin {including the synthetic analogues, KW-2189 and CBI-TM1};

10 cleuwtherobin; pancratistatin, a sarcodictyin; spongistatin nitrogen mwstards, such as

chlorambucil, chlomaphazine, cholophosphamide, estramustine, ifostamide,
mechlorethamine, mechlorethamine  oxide  hydrochioride, melphalan, novembichin,
phenesterine, prednimustine, trofostamide, and uracil mustard; nitrosureas, such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics, such as the
15 enediyne antibiotics (e.g., calicheamicin, especially calicheamicin gammall and calicheamicm
omegall); dvnemicin, including dynemicin A, bisphosphonates, such as clodronate; an
csperamicin: as well as neocarzinostatin chromophore and related chromoprotein enediyne
antiobiotic chromophores, aclacinomysing, actinomycin, authrarnycin, azaserine, bleomyceins,
cactinomyein, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
20 daonorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin {including morpholino-
doxorubicin, cvanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin),
epirubicin, esorubicin, idarubicin, marcellomycin, mitomyeins, such as mitomvein C,
myeophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromyein, puromycin,
quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, and
25 zorubicm; anti-metabolites, such as methotrexate and 5-fluorouractl (5-FU), fohe acid
analogues, such as denopterin, pteropterin, and trimetrexate, purine analogs, such as
fludarabine, 6-mercaptopurine, thiamiprine, and thioguanine, pyrimidine analogs, such as
ancitabine, azacifidine, 6-azaundine, carmofur, cytarabine, dideoxvuridine, doxifluriding,
enocitabine, and floxundine; androgens, such as calusterone, dromostanolone propionate,

30 epttiostanol, mepitiostane, and testolactone; anti-adrenals, such as mitotane and trilostane; folic

acid replenisher, such as frolinic acid; aceglatone; aldophosphamide glycoside; aminolevulinic
acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamune; demecolcine;
diaziquone; clformithine; elliptinium acetate; an epothilone; ctoglucid; gallium nitrate;

hydroxyurea; lentinan; lonidainine; mayvtansinoids, such as mayvtansine and ansamitocins;
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mitoguazone;, mitoxantrone; mopidanmol; nitracrine; pentostatin, phenamet; pirarebicin;
losoxantrone; podophyliinic acid, 2-ethvibydrazide, procarbazine; PSKpolysaccharide
complex; razoxane; rhizoxin; sizofiran; spirogermanium, tenuazonic acid; triaziquone; 2,2',27-
trichlorotriethylanune; trichothecenes (especially T-2 toxm, verracurin A, roridin A and
anguiding); uvrethan: vindesine, dacarbazine, mannomaustine; mitobronitol;, mitolactol;
pipobroman; gacytosine: arabinoside (“Ara-C"), cyclophosphamide; taxoids, e.g.. paclitaxel
and docetaxel gemceitabine; 6-thiognanine; mercaptopurine; platinum coordination complexes,
such as cisplatin, oxaliplatin, and carboplatin; vinblastine; platioam; ctoposide (VP-16);
ifosfamide; mitoxantrone, vincnstine; vinorelbine; novantrone; temiposide; edatrexate;
daunomycin; ammopterin; xcloda; ibandronate; irinotecan {e.g.. CPT-11); topoisomerase
mhibitor RFS 2000, diftuorometthylomithine (DMFO); retinoids, such as retinoic acid;
capecitabine; carboplatin, procarbazine plicomyein, gemcitabien, navelbine, farnesyl-protein
tansferase inhibitors, transplatinum, and pharmaceutically acceptable salts, acids, or

derivatives of any of the above,

2. Radiotherapy

{06132} Other factors that cause DNA damage and have been used extensively
mchude what are commonly known as y-rays, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Other forms of BDNA damaging factors are also contemplated,
such as microwaves, proton beam irradiation {U.S. Patents 5,760,393 and 4,870,287}, and UV-
irradiation. It i3 most Hkely that all of these factors affect a broad range of damage on DNA,
on the precursors of DBNA, on the replication and repair of DNA, and oo the assembly and
maintenance of chromosomes. Dasage ranges for X-rays range from daily doses of 50 to 200
roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens.
Dosage ranges for radioisotopes vary widely, and depend on the half-life of the isotope, the

strength and type of radiation emitted, and the uptake by the neoplastic cells.

3. bmmunotherapy

{00133] The skilled artisan will understand that additional invmunotherapies may
be used in combination or in conjanction with methods of the embodiments. T the context of
cancer treatment, immunotherapeutics, gencrally, rely on the use of immune ctfector cells and
molecules to target and destroy cancer cells. Rituximab (RITUXAN®) 1s such an example.
The immune effector may be, for example, an antibody specific for some marker on the surface

of a tumor cell. The antibody alone may serve as an effector of therapy or it may recruit other
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cells to actually affect cell killing. The antibody also may be conjugated to a drug or toxin
{chemotherapeutic, radionuclide, ricin A chain, cholera toxin, pertussis toxin, ete.} and serve
as a targeting agent. Alternatively, the effector may be a lymphocyie carrving a surface
molecule that interacts, either divectly or indirectly, with a tumor cell target. Various effector

cells inclade cvtotoxic T cells and NK cells

{00134} Antibody-drug conjugates have emerged as a breakthrough approach to
the development of cancer therapeutics. Cancer 1s one of the leading causes of deaths in the
world. Antibody—drug conjugates {ADCs) comprise monoclonal antibodics (MAbs) that are
covalently linked to cell-killing drugs. This approach combines the high specificity of MAbs
against thetr antigen targets with highly potent cytotoxic drugs, resulting in “armed”™ MAbs that
deliver the pavioad (drug} to turnor cells with enriched levels of the antigen. Targeted delivery
of the drug also minimizes its exposure in normal tissues, resulting in decreased toxicity and
mproved therapeutic imndex. The approval of two ADC drugs, ADCETRIS® (brentuximab
vedoting 1o 2011 and KADCYLA® (trastuzumab emtansine or T-DM1) in 2013 by FDA
validated the approach. There are currently more than 30 ADC drug candidates in various
stages of climical trials for cancer treatment (Leal er ol 2014). As antibody engineering and
hinker-pavicad optimization are becoming more and more mature, the discovery and
development of new ADCs are increasingly dependent on the identification and validation of
new targets that are suitable to this approach and the generation of targeting MAbs. Two
criteria for ADC targets are upregulated/high levels of expression in tumor cells and robust

mternalization.

{00135} In one aspect of immunotherapy, the tumor cell must bear some marker
that 1s amenable o targeting, i.e., is not present on the majority of other cells. Many tumor
markers exist and any of these may be suitable for targeting in the context of the present
embodiments. Common tumor markers include CD20, carcinoembryonic antigen, tyrosinase
{p97}, gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, laminin receptor,
erb B, and p155. An alternative aspect of immunotherapy is to combine anticancer effects with
munune stimulatory effects. Immune stimulating molecules also exist meluding: cytokines,
such as 1L-2, HL-4, 1L-12, GM-CSF, gamma-IFN, chemokines, such as MiP-1, MCP-1, [L-8,

and growth factors, such as FLT3 ligand.

{00136} Examples of immunotherapies currently under mvestigation or in use

are immune adjuvants, eg., Mycobacteriom bovis, Plasmodium falciparum,
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dinitrochlorobenzene, and aromatic compounds (U.S. Patents 5,801,005 and 5,739,169; Fha
and Hashimoto, 1998; Christodoulides ef a/., 1998); cyiokine therapy, e.g., interferons o, B,
and vy, IL-1, GM-CSF, and TNF (Bukowski er /., 1998, Davidson ef af., 1998; Hellstrand ef
al., 1998y, gene therapy, e.g., TNF, IL-1, 1L-2, and p53 (Qin ef o/, 1998, Austin-Ward and
5 Villaseca, 1998; U.S. Patents 5,830,880 and 5,846,945); and monoclonal antibodics, e g., anti-
CD20, anti-ganglioside GM2, and anti-pl85 (Hollander, 2012; Hambuchi er af., 1998; 1S,
Patent 5,824,311}, It 1s contemplated that one or more anti-cancer therapics may be emploved

with the antibody therapies described herein.

{00137} In some cmbodiments, the immunotherapy may be an immune

10 checkpoint inhibitor. Tmmune checkpoints cither tum up a signal {e.g., co-stumulatory
molecules) or tum down a signal. Inhibitory tmomume checkpoints that may be targeted by
mmune checkpoint blockade include adenosine A2A receptor (A2ZAR), B7-H3 (also known as
CD276), B and T lymphocyte attenvator (BTLA), cytotoxic T-lymphocyte-associated protein

4 (CTLA-4, also known as CDI152), indoleamine 2 3-dioxygenase (ID0O), killer-cell

15 mmmunoglobulin (KIR), lymphocyte activation gene-3 (LAG3), programmed death | (PD-1),
T-cell immunoglobulin domain and macin domain 3 (TIM-3) and V-domain Ig suppressor of

T cell activation (VISTA}. In particular, the immune checkpoint inhibitors target the PD-1 axis

and/or CTLA-4.

{00138} The mmmune checkpoint inhibitors may be drugs such as small

26 molecules, recombinant forms of ligand or receptors, or, in particular, are antibodies, such as
human antibodics (e.g., International Patent Publication WO2015016718; Pardoll, 2012; both
mecorporated herein by reference). Known mhibitors of the immune checkpoint proteins or
analogs thereof may be used, in particular chumerized, humanized or human forms of antibodies

may be used. As the skilled person will know, alternative and/or equivalent names may be in

25  use for certain antibodies mentioned in the present disclosure. Such altemative and/or
equivalent names are interchangeable in the context of the present disclosure. For example it

is known that lambrolizamab is also known under the altemative and equivalent names MK-

3475 and pembrohizumab.

{00139] In some embodiments, the PD-1 binding antagonist is a molecule that
30 inhibits the binding of PD-1 to its ligand binding partners. In a specific aspect, the PD-1 ligand
binding partners are PDLI and/or PDL2. In another embodiment, a PDL1 binding antagonist

is a molecule that mhibits the binding of PDL1 to its binding partoers. In a specific aspect,
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PDL1 binding partners are PD-1 and/or B7-1. In another embodiment, the PDL2 binding
antagonist is a molecule that inhibits the binding of PDL2 to its binding partners. In a specific
aspect, a PDL2 binding partoer 1s PD-1. The antagonist may be an antibody, an antigen binding
fragment thereof, an immunocadhesin, a fusion protein, or oligopeptide. Exemplary antibodies
are described 1 U.S. Patent Nos. US8735553, US8354509, and US8008449, all incorporated
herein by reference. Other PD-1 axis antagonists for use in the methods provided herein are
known in the art such as described in US. Patent Application No. US20140294898,
US2014022021, and US20110008369, all incorporated herein by reference.

{00140} In some embodiments, the PD-1 binding antagonist is an anti-PD-1
antibody {e.g., a human antibody, a humanized antibody, or a chimeric antibody). In some
embodiments, the anti-PD-1 antibody is selected from the group consisting of mivolumab,
pembrolizimab, and CT-011 To some embodinments, the PD-1 binding antagonist is an
mmunoadhesin {e.g., an immunoadhesin comprising an extracellular or PD-1 binding portion
of PDLI or PDL2 fused to a constant region {e.g., an Fc region of an immunoglobulin
sequence). In some embodiments, the PD-1 binding antagonist is AMP- 224, Nivolumab, also
known as MDX-1106-04, MDX-~1106, ONO-4538, BMS-936558, and OPDIVO®, is an anti-
PD-1 antibody described in WO2006/121168. Pembrolizamab, also known as MK-3475,
Merck 3475, lambrolizumab, KEYTRUDA®, and SCH-900475, is an anti-PD-1 antibody
described 1 WO2009/114335. CT-011, also known as hBAT or hBAT-1, 1s an anti-PD-1
antibody described in W0O2009/101611. AMP-224, also known as B7-DClg, is a PDL2-Fe
fusion soluble receptor described in W(O2010/027827 and W02011/066342.

{00141} Another mmmune checkpoint that can be targeted in the methods
provided herein is the cytotoxic T-lymphocyic-associated protein 4 (CTLA-4), also known as
CD152. The complete ¢DNA sequence of human CTLA-4 has the Genbank accession number
115006, CTLA-4 is found on the surface of T cells and acts as an “off” switch when bound to
D83 or D86 on the surface of antigen-presenting cells. CTLA4 is a member of the
mmmunoglobulin seperfamily that is expressed on the surface of Helper T cells and transmits
an inhibitory signal to T cells. CTLA4 is similar to the T-cell co-stimulatory protein, CD28,
and both molecules bind to CD80 and D86, also called B7-1 and B7-2 respectively, on
antigen-presenting cells. CTLA4 transmits an inhibttory signal to T cells, whereas CD28

transmits a stimulatory signal. Intracellular CTLA4 is also found m regulatory T cells and may
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be important to their function. T cell activation through the T cell receptor and D28 leads to

mereased expression of CTLA-4, an inhibitory receptor for B7 molecules.

{00142} In some embodiments, the tmmune checkpoint inhibitor is an anti-
CTLA-4 antibody {(e.g., a human antibody, a humanized antibody, or a chimeric antibody), an

5 antigen binding fragment thereof, an immunoadhesin, a fusion protein, or oligopeptide.

{00143} Anti-human-CTLA-4 antibodies {or VH and/or VL domains derived
therefrom} suitable for use in the present methods can be generated using methods well known
in the art. Alternatively, art recognized anti-CTLA-4 antibodies can be used. For example, the
anti-CTLA-4 antibodies disclosed in: US 8,119,126, WO 01/14424, WO 98/42752; WO

16 00737504 (CP675,206, also known as tremelimumab; formerly ticilimumab), U.S. Patent No.
6,207,156, Hurwitz et ol ,1998; Camacho ef al., 2004; and Mokyr er of., 1998 can be used in
the methods disclosed herein. The teachings of each of the aforementioned publications are
bereby incorporated by reference. Antibodies that compete with any of these art-recognized
antibodies for binding to CTLA-4 also can be used. For example, a humanized CTLA-4

15 antibody is described 1n  Intermational Patent Application No. WO2001014424,
WO2000037504, and U5, Patent No. US8017114; all incorporated herein by reference.

{00144} An exemplary anti-CTLA-4 antibody is ipilimumab (also known as

1001, MDX- 010, MDX- 101, and Yervoy®) or antigen binding fragments and variants thereof

(see, e.g., WOO 1/14424). In other embodiments, the antibody comprises the heavy and Light

20 chain CBRs or VRs of ipilimumab. Accordingly, in one embodiment, the antibody comprises
the COR1, CDR2, and CDR3 domains of the VH region of ipilimumab, and the CDR1, CDR2

and CDR3 domains of the VL region of iptuinumab. fo another embodiment, the antibody
competes for binding with and/or binds o the same epitope on CTLA-4 as the above-

mentioned antibodies. In another embodiment, the antibody has at least about 90% variable

[N
¥4

region amine acid sequence identity with the above-mentioned antibodics {e.g., at least about

90%, 95%, or 99% varable region identity with ipilimumab).

{00145} Other molecules for modulating CTLA~4 include CTLA-4 higands and
receptors such as described in U.S. Patent Nos. US3844905, US5885796 and International
Patent Application Nos. WO1995001994 and WO1998042752; all incorporated herein by

30 reference, and immunoadhesing such as described in U.S. Patent No. US8329867, incorporated

herein by reference.
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4. Surgery

[00146] Approximately 60% of persons with cancer will vndergo surgery of
some tvpe, which includes preventative, diagnostic or staging, curative, and palliative surgery.
Curative surgerv mcludes resection in which all or part of cancerous tissue is physically
removed, excised, and/or destroyed and may be used in conjunction with other therapies, such
as the treatment of the present embodiments, chemotherapy, radiotherapv, hormonal therapy,
gene therapy, immunotherapy, and/or altemative therapies. Tumor resection refers to physical
removal of at least part of a tumor. In addition to tumor resection, treatment by surgery inclades
laser surgery, cryosurgery, ¢lectrosurgery, and microscopically-controlled surgery (Mohs’

SUrgery).

{00147} Upon excision of part or all of cancerous cells, tissue, or tumor, a cavity
may be formed in the body. Treatment may be accomphished by perfusion, direct injection, or
local application of the area with an additional anti-cancer therapy. Such freatment may be
repeated, for example, every 1, 2,3, 4.5, 6, or 7 days, orevery 1, 2, 3, 4, and & weeks or every
1,2,3,4,5.6,7,8,9, 10, 11, or 12 months. These treatments may be of varying dosages as

well.

5. Other Agents

{00148} It 13 contemplated that other agents may be used in combination with
certain aspects of the present embodiments to improve the therapeutic efticacy of treatment.
These additional agents inchade agents that affect the upregulation of cell surface receptors and
GAP junctions, eytostatic and differentiation agents, inhibitors of cell adhesion, agents that
increase the sensitivity of the hyperproliferative cells to apoptotic inducers, or other biological
agents. Increases in imterccllular signaling by clevating the number of GAP junctions would
merease the anti-hvperproliferative effects on the neighboring hyperproliferative cell
popudation. In other embodiments, cvtostatic or differentiation agents can be used
combination with certain aspects of the present embodiments to improve the anti-
hyperproliferative efficacy of the treatments. Inhibitors of cell adhesion are contemplated to
mmprove the efficacy of the present embodiments. Examples of cell adhesion inhibitors are
focal adhesion kinase (FAKs) inhibitors and Lovastatin. [t is further contemplated that other
agents that merease the sensitivity of a hyperproliferative cell to apoptosis, such as the antibody
¢225, could be used in combination with certain aspects of the present embodiments to improve

the treatment efficacy.
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V. Articles of Manufacture or Kits

[00149] An article of manufacture or a kit is provided comprising antigen-
specific T cells or antigen peptides (e.g.. VGLLI peptide) is also provided herein. The article
of manufacture or kit can further comprise a package insert comprising instructions for using
the antigen-specific T cells to treat or delav progression of cancer in an individual or to enhance
mmmune fonction of an individual having cancer. Any of the antigen-specific T cells described
herein may be included 1o the article of manufacture or kits. Suitable containers include, for
cxample, bottles, vials, bags and syringes. The container may be formed from a vanety of
materials such as glass, plastic {(such as polyvinyi chloride or polyolefin}, or metal alloy {such
as stainless steel or hastelloy). In some embodiments, the container holds the formulation and
the label on, or associated with, the container may indicate directions for use. The article of
manufacture or kit may further include other materials desirable from a commercial and user
standpoint, including other buffers, dilucnts, filters, needles, syringes, and package mnserts with
mstructions for use. In some embodiments, the article of manufacture further includes one or
more of another agent {(e.g., a chemotherapeutic agent, and anti-ncoplastic agent). Suitable

containers for the one or more agent include, for example, botiles, vials, bags and svringes.
¥YiI. Examples

{00150} The following examples are included to demonstrate preferred embodiments
of the invention. It should be appreciated by those of skill in the art that the techmigues
disciosed in the examples which follow represent techniques discovered by the inventor to
function well in the practice of the invention, and thus can be considered to constitute preferred
modes for ts practice. However, those of skill m the art should, in hight of the present
disclosure, appreciate that many changes can be made in the specific embodiments which are
disclosed and still obtain a like or similar result without departing from the spirit and scope of

the invention.
Example 1 - Ldentification and Characterization of Tumor Antigen-Specific Peptides

{00151} A pancreatic patient-derived tumor organoid cell line (hMIA-2d) was
obtained (Cold Spring Harbor Laboratories) to wdentify HLA -restricted peptides in pancreatic
tumors. HLA class T was immunoprecipitated and peptides were acid-eluted and analvzed by
tandem mass spectrometry. About 1800 peptides were detected from the tumor cell line and,

of these. 10 peptides were potentially targetable (7.e., demonstrated low or absent expression
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i essential normal tissues). The top eluted peptide from the pancreatic cancer paticnt MPO15
was VGLLI (Table 1) which is predicted to bind to multiple HLA class I allotypes (Table 2).
The same peptide was also detected in a second HLA-A*0101-positive pancreatic organoid
tumor cell line derived from a different patient MPOR1 (Table 1}, The VGLL1 peptide identity
was verified by targeted mass spectrometric detection comparing the mass spectra of the natural

peptides with an isotope-labeled (7 .e., heavy lysine, C13 + N3y peptide (FIGS. 1A-1D).
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{00152} The expression of the VGLL1 gene was evahuated 1n normal tissue and
tumor cell lines using RNA sequencing (FIG. ZA). According the Cancer Genome Atlas, the
vast majority of normal tissucs have ceffectively no expression of VGLL L, while tumor cells,
particularly pancreatic, bladder, ovarian, uterine, breast, and cervical cancer, have elevated

5 expression of VGLLL. The prevalence of VGLLI overexpression in these TGCA cancers is
summarized in FIG. 2B Thus, VGLL1 is a tumor-associated, co-transcriptional activator with

hmited cxpression i normal tissucs.

{00153] Clinical grade peptide and peptide-HLA-A*0101 tetramers were

synthesized and used to gencrate VGLL I-specific CTL (FIG. 4A). VGLL-speaitic CD8Y T

16 cells were generating by stimulating autologous patient PBMCs with VGLLI peptide-pulsed
dendritic cell treated with 1L-21. CDE&™ T cells were sorted using tetramer-based sorting and
expanded by the Rapid Expansion Protocol (REP) to generate ~107 million T cells of which

91.7% were CD8 and tetramer positive (FIG. 4B).

[00154] To determine the ability of VGLL1-specific CD8" T cells to recognize

15 and kill VGLLI-expressing cells, a standard 3'Cr release assay was performed using HLA-
A*0101-positive pancreatic tumor cell lines. The VGLL -expanded T cells showed about 70%
kitling of paticut tumor cell line hMIA-2D and slightly lower killing of one other HLA-AT"
pancreatic cell Hine Capan-| by 3 Cr release assay (FIG. 5). This showed that VGLL 1-specific
D8 T cells could recognize the VGLLI epitope endogenousty processed by pancreatic cells,

20 As controls, HLA-A*0101 positive melanoma cells negative for VGLLI expression (A375)

were used.

[00155] In addition, other cancer ccll types were cultured with VGLL 1-specific
{TLs and the cyiotoxicity was measured by chromium release assay. It was observed that the

VGELI-specific CTLs were capable of recogmzing and killing multiple HLA-A*0101-

[N
¥4

positive tumor cell types including breast, ovarian, and bladder tumor cell lines (FIG. 6). An
HLA-A¥0101-negative gastric cell line was not recognized by VGLLI-specific T cclls, but
upon transduction to express HLA-A*0101 the cell line was recognized and killed. This
showed that gastric cancer cells also expresses VGLLI, and CTl-specific killing could be

further enhanced by prior treatment with interferon-gamma (FIG. 7).

30 {00156} Following further T-cell expansion (FIG. 4B). the pancreatic cancer

patient MPO15 was infused with 19.8 billion expanded VGLL1-specific T cells in conjunction
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with anti-PD1 antibody pembrolizamab every three weeks and low dose subcutaneous 1L-2
{250,000 U/m? every 1Zh) (FIG. 4C). No clinical response was observed due to VGLLI
antigen loss (FIG. 4D) and the patient expenenced hittle or no treatment-related toxicity.

importantly, no celi-infusion-associated adverse events were obscrved.

[00157) T cell receptor analysis of the sorted T el product which was more than
95% tetramer positive for the target antigen, revealed that 99% of the TCR sequences were
restricted to 21 clonotypes, with the domunant clone representing 43% of all sequences. HTTCS
tracking of peripheral blood samples revealed a cumulative frequency {representing all 21
clonotypes} of 1.7% of total T cells in the PBMC with the dominant clonotype comprising
more than 1% of total T cells. One month later, the transterred antigen-specific T cells were
present at very low but detectable levels (03%} in the periphery: however theyv had
accumulated in the pleural effusion biopsy (0.37%). No infiltration into the fung tumor tissue

was detected.

{00158} Overall, these results suggest that a relevant tumor-associated antigenic
epitope can be identified from patient tumor sample, and was of sufficient immumnogenicity to
elicit antologous pancreatic tumor-reactive, antigen-specific T cells from patient peripheral
blood. Isolation and expansion of such T cells for adoptive transter was feasible and the
transferred T cells achieved relatively high froquency m the peripheral blood with apparent
enrichment in the pleural effusion where they were detected at high frequency more than a
month later. Thus, the antigen-specific peptides identified, such as VGLLI, can be used to
generate antigen-specific T cells for adoptive T cells transfer in the treatment of solid cancers,

such as pancreatic and other cancer types.

{00159} Further, an analysis was performed using The Cancer Genome Atlas
database to correlate survival rates of pancreatic cancer paticnts based on VGLLT transcript
expression (FIG. 3} as well as other cancers. It was observed that overall survival rate
significantly correlated with VGLL1 expression as the patients with the highest VGLLL
expression {top quartife) had the worst overall survival rate. Conversely, patients with the
towest VGLL T expression {bottom quartile) showed the longest overall survival, Thus, VGLLI
is a tumor marker that may be used as a prognostic marker in cancer patients, specifically

pancreatic cancer patients.
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Example 2 — Materials and Methods
{00160} Cell lings: hMEA-2d cell were maintained in RPMIT640 with 4mM L-

glutamine, ImM non-essential amino acids, 10mM sodium pyruvate and SOU/mi penicillin,
50mg/mi streptomycin and 10% FBS (TCB). LCL used as feeder cells and cultured with RPMI
1640 containing 10% FBS, 50U/mi penicillin, 50mg/ml and streptomyein. CTL media for T
cell culture contained 10% FBS, 2mM L-glutamine, B-mercaptocthanol, 30U/ml penicillin and

S0mg/ml streptomycin.

{00161} MPOIS patient-derived tumor cells (hMIA-2d) were expanded to
approximately 10E8 cells (10 x 10 em confluent plates), then lvsed using Triton X-100. Cell
bvsates were incabated overnight at 4°C with gentle agitation with 1 pg HLA-A B, C specific
mAb W6/32 for every 10 mg protein.  Protein A/G Ultralink resin beads were used to
mmunoprecipitate HEA molecules, which were then directly eluted along with tumor-
assoctated peptides using 0.1N acetic acid in five consecutive 1 mL claates. Purification of
HLA was confirmed by Western Blot analysis and HLA-positive elutes were pooled and

analyzed by tandem mass spectrometry (MS/MS).

{00162] Mass_spectrometiy: For discovery phase tandem mass spectrometry

(MS/MS), eluted MHC class [-bound peptides were mjected onto a high-sensitivity HPLC
system {Dionex 3600 RSLC), separated by reversed-phase chromatography in 0.1% formic
acid water-acetonitrile on 1.8 micron C18 (Agilent Technologies} and analyzed on an Orbitrap
Elite mass spectrometer {Thermo Scientific) using data-dependent acquisition.  The Mascot
algorithm searched acquired MS/MS spectra against the SwissProt complete human protein
database vsing 10 ppm parent mass tolerance, (.8 d fragment ion tolerance, Met oxidation, no
enzvme selectivity. Scarch resulis were cross~referenced with the appropriate MHC-binding
specificities using NetMHC 34 Approxamately 1800 peptides were detected in Discovery
phase MS/MS, all corresponding to wild-type sequences matching proteins within the human

proteome.

{00163} Based on the results of Discovery MS/MS, whole exome sequencing,
and biocinformatics analysis considering target gene expression in normal tissues (GTex
RNAseq databases), human pancreatic twmors {TCGA RNAseq database), and the patient’s
own RNAseq analvsis, 11 isotope-labeled high-confidence peptides of interest (8 mutated and
3 non-mutated) were synthesized and used as standards in a more sensitive targeted MS/MS

analysis. In this analysis, retention-time windows for the synthetic peptide standards of interest
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were pre-deternuned by MS analysis of the synthetic peptides, then targeted methods for
searching tumor-associated peptides were constructed using mass windows of 3 Da arcund
cach m/z. The targeted MS/MS experimenis verified the presence of all 3 non-mutated

peptides, but convincing MS evidence was not found for any ofthe predicted mutated peptides.

{00164} Generation_and_cxpansion_of VGLL 1-specific CD8 T cells: Tumor

antigen-specific CTLs were generated with a mammer previously described (Li, 20085).
Leukapheresis PBMCs positive for HLA-A*0101 were stimulated by autologous DC pulsed
with tumor antigen peptide. For mduction of dendritic cells, adherent PBMCs were cultured
with GM-CSF and HL-4 in AIM-V mediom (Invitrogen Life Technologies) for 6 days and then
added IL1b, IL-6, TNF-¢ and PGE?2 for maturation. After | day, mature PCs were pulsed with
40ug/ml peptide at 2X10° cells/mi of 1% human serum albumin (HASY/PBS i the present of
3ug/ml beta-microglobulin for 4br at room temperature. After washing with [%HSA/PBS,
DCs were mixed with PBMCs at 1.3X10° cell /mi/well in 48 well plate. 1L-21 (30ng/ml) was
added initially and 3-4 days after culture. IL-2 and IL-7 were added I day after secondary

stumulation to expand activated antigen—specific T cells.

{00165} 6 days after secondary stimulation, cells were stained with VGLLI
peptide /MHC-PE-conjugated tetramer and CDE-APC antibody, and then CDR and tetramer-
positive cells were sorted by OWL sorting. The sorted VGLL L-specific CDE T cells were
expanded by Rapid Expansion Protocol (REP) with feeder cells of PBL and LCL under IL-21.

{00166} Peptide-MHC tetramer staining: VGLLI-specific CD8 T cells were
confirmed by staining with tetramer of VGLLI peptide/ HLA A*0101. CD8 T cells were

mcubated with PE-conjugated tetramer for 20 ouns, washed and then staived with APC-
conjugated CD8 antibody for 15 mins in room temperature. After washing, cells were analyzed

by flow cytometry (LSRFortessa X-20 Analyzer).

{00167} S'Chromium release assay: VGLL1-specific CD8 T cells were assayed

for specific lysis of VGLL1-expressing or not expressing targets using standard siChromium
(51Cr) release assay. Targets were labeled with 100 uCi of 5:Cr for 2hrs and after three times
washing, the labeled targets plated triphicated well at a 2000 targets per well. Effector celis
were incubated with targets as various effector: target (E:T) ratio. After 4hous, 30ul of
supernatant was collected from cach well and the 51Cr was measured by a gamma counter. The

percentage of specific fysis was caleulated.
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{00168} RNAseq Analysis: Whole Transcriptome Seq (RNA-Seq) was

performed by the Avera Institute for Homan Genetics on tumor samples using the Humina
TruSeq Stranded Total RNA kit with Ribo-Zero Gold. Approximately 200 million Paired-End
reads were used for cach tumor RNA sample. BCL (raw output of [umina HigSeq) files was
processed using ISES v2.4.60 for demultiplexing and conversion to FASTQ format. FASTQ
files and sequence reads were aligned to the genome (Hg19) using BWA using parameters
suitable for a specific run (for example, 3 mis-matches with 2 in the first 40 sced regions for a
51 bases sequencing run). The aligned BAM files were then subjected to mark deplication, re-
alignment, and re-calibration using Picard and GATK programs before any dowunstream
analyses. ENAScq data was processed using TopHat, TopHat-Fusion, and Cufflinks

algorithms.

{00169} Statistical analvsis; Data analysts was performed using GraphPad prism

version 6.0¢. Normally distributed data were analyzed using parametric fests (Anova or

unpaired t-test}. Statistical test differences were considered significant if p values were <0.03.

{00170}  All of the methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applicd to the methods and in the
steps or in the sequence of steps of the method described herein without departing from the
concept, spirit and scope of the invention. More specifically, it will be apparent that certain
agents which arc both chemically and physiologically related may be substituted tor the agents
described berein while the same or similar results would be achieved. All such similar
substitutes and modifications apparent to those skilled in the art are deemed to be within the

spirtt, scope and concept of the invention as defined by the appended claims.
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