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CHIMERIC ANTIGEN RECEPTORS AND METHODS OF USE
THEREOF

FIELD OF THE INVENTION
[0601] The present invention relates generally to personalized chirveric antigen receptor

cells for and methods of using same for treatment cancer and other disorders.

RELATED APPLICATIONS
[0602) This application claims priority to, and the benefit of U.S. Provisional
Application No. 62/295,884 filed on February 16, 2016 and the content of which 15

mcorporated herein by reference in ifs entirety.

INCORPORATION BY REFERENCE OF SEQUENCE LISTING
(3063 The contents of the text file name “DFCI-127-001W0O_ST25.4xt,” which was
created on January 17, 2017 and is 93 KB in size, are hereby incorporated by reference in

their entirety.

GOVERNMENT INTEREST
[0604] This invention was made with government support under CA185151-02 awarded
by the National Cancer Institute and DK 105602-01 awarded by the National Institute of

Heath. The government has certain rights in the invention.

BACKGROUND OF THE INVENTION
[6005] T lymphocytes recognize specific antigens through interaction of the T cell
receptor {TCR) with short peptides presenied by major histocompatibility complex (MHC)
class I or 1l molecules. For initial activation and clonal expansion, naive T cells are
dependent on professional antigen-presenting celis {APCs) that provide additional co-
stimulatory signals. TCR activation in the absence of co-stimulation can resuli in
untresponsiveness and clonal anergy. To bypass immunization, different approaches for the
derivation of cytotoxic effector cells with grafted recognition specificity have been
developed. Chimeric antigen receptors (CARs) have been constructed that consist of
binding domatns derived from natural ligands or antibodies specific for cell-surface

antigens, genetically fused to effector molecules such as the TCR alpha and beta chaiuos, or
1
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components of the TCR-associated CD3 complex. Upon antigen binding, such chimeric
antigen receptors link to endogenous signaling pathways in the effector cell and generale
activating signals strmlar fo those mitiated by the TCR complex. Since the first reports on
chimeric antigen receptors, this concept has steadily been refined and the molecular design
of chimeric receptors has been optimized.

[0606] The most chinically successful CARs use antibodies directed against the CD19
which demonsirates a very narrow expression window (i.e., only on B cells and no other
cell types). These CARs are effective because ali these B cell-derived malignancies express
the B cell specific CD19 surface protein. However, there has been very hittle success in
CAR T cell therapy for solid tumors, as it 1s difficult to wdentfying antigens that are present

on tumors and not on normal cells. The current invention solves this problem.

SUMMARY OF THE INVENTION

(0067 In various aspecis the invention provides a chimeric antigen receptor (CAR)
having an itracellular signaling domain, a transmembrane domain and an extracellular
domain.

[0008] in various aspects the invention provides a chimeric antigen receptor (CAR} for
use in treating a subject in need thereof. The CAR inchudes an intracellular signaling
domain, a transmembrane domain and an exiracellular domain. The extracellular domain
includes 1) the variable region of a T-cell receptor specific for a tumor-associated antigen or
11} the variable region of a T-cell receptor specific for a self antigen. The T-cell receptor is
derived from a T-lymphocyvte obtained from the subject.

(05309} The transmembrane domain further comprises a stalk region positioned between
the exiracellular domain and the transmembrane domain. The transmembrane domain
mcludes CD28.

060161  The CAR further includes one or more additional costimulatory molecules
posttioned between the fransmembrane domain and the mtracellular signaling domain. The
costimulatory molecules s for example, CD28, 4-1BB, 4-1BBL IC05, or OX40.

[06011]  In various aspects the intracellular signaling domain comprises a CD3 zeta
chain,

[66012]  Also provided is a nucleic acid encoding the CAR according to the invention,

veciors including the nucleic acid and cells containing the vector. The cell 1s a T cell such
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as for example, a CD4" T-cell and/or CD8' T-cell a T regulatory cell (Treg)ora T
tollicular regulatory cell (TFR).

[006013]  In other aspects the invention provides a genetically engineered cell which
expresses and bears on the cell surface membrane the chimeric antigen receptor according
to the invention. The cell is 2 T cell such as for example, a CD4" T-cell and/or CD8" T-cell
a T regulatory cell (Treg) or a T follicular regulatory cell (TFR).

[06614]  In other aspects the invention provides a pharmaceutical composition containing
the populaiion of the genetically engineered cells according to the invention.

[06015]  Invet a further aspect, the invention provides methods of treating cancer in a
subject in need thereof comprising administering the composition of the inventions wherein
the extracellular domain of the CAR is a variable region of a T-cell receptor specific for a
tumor-associated antigen derived from the subject.

[06616]  In another aspect, the invention provides methods of treating or preventing an
autotmmmune disorder in a subject in need thereof comprising adnunistering the composition
of the invention, wherein the extracellular domain of the CAR 15 a vartable region of a T-
cell recepior specific for a self antigen denved from the subject.

[06017]  Invet another aspect, the invention provides methods of treating or preventing
graft rejection in a subject in need thereof comprising administering the composition of the
inevntion, wherein the extraceliular domain of the CAR is a variable region of a T-cell
receptor specific for a self antigen derived from the graft tissue.

[06618]  In further aspects the mmvention provides methods of isolating a subject specific
neoantigen by isolating a plurality of class T and class If MHC peptides from a population of
cells obtained from said subject; contacting the plurality of peptide 1solated with a T-cell
receptor {TCR) nultimer, where the TCR was isolated from a single T~cell 1solated from
the subject to form an TCR multimer-MHC peptide complex; and isolating the MHC
peptide from the complex. Optionally, the method further includes sequencing the isolated
MHC peptide to identify the peptide. Isolation of the peptides is accomplished
immumnochemically. The T-cell is a tumor infiltrating lymphocvie, Iymphocyte isolated
from a transplanted organ or a lvmphocyte isolated from an autoimmume site.

(066019  In a further aspect the invention provides a vaccine composition including

neoantigen peptides identified by the methods of the invention.
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[06626]  Unless otherwise defined, all technical and scientific ferms used herein have the
same meaning as cornmonly understood by one of ordimary skill in the art to which this
mvention pertains. Although methods and matenials stoular or equivalent to those described
herein can be used in the practice of the present invention, switable methods and materials
are described below. All publications, patent applications, patents, and other references
mentioned herein are expressly incorporated by reference in their entivety. In cases of
conflict, the present specification, including definitions, wili control. In addition, the
materials, methods, and examples described herein are iliustrative only and are not intended
to be limiting,

[00021]  Other features and advantages of the invention will be apparent from and

encompassed by the following detatled description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
1066221  Fisure 1. Is a schematic of RQ-101a, an auto-reactive autologous regulatory T
cell, expressing recombinant TCRs denved from single, clonally amplified auto-reactive T
cells.
[06623]  Figure 2. Is a schematic of RQ-101b, a tumor-specific antologous T cell
expressing recombinant TCRs denved from single, clonally amplified Tumor infiltrating
lvmphocytes (TTLs).
[03624]  Figure 3. Hlustrates the autologous cell manufactuning process.
[06625]  Figure 4. Is a schematic of the manufacturing process.
[06026]  Figure S, lustrates phase 1 of the manufacturing process, the isolation of CD4
and CD8 T cells from tumors. FACS sort into 384 well plates for single cell sequencing.
[06627]  Figure 6. [lustrates phase 2 of the manufacturing process, the clonally amplified
T cells expressing TCRs that react with auio/tumor antigens.
[006028]  Figure 7. [lustrates phase 3 of the manufacturing process, the recombinant
TCRs that are cloned into CD4 and CD8 T cells. These constructs express naturally
occurring TCRs or chimeric TCRs.
060291  Figure 8. llustrates phase 3 of the manufacturing process, the recombinant
TCRs that are coupled to beads for purification of peptide-MHC complexes.
Immunoprecipitates are subjected to mass spectrometry to identify peptides and alignment

to reference genomes 1o identifies expressed auto/neo-antigens.
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[06638]  Figure 9. Is a schematic illustrating phase 4 of the manufacturing process, the
m-vitro and ex~-vivo killing or suppression assay before transterring the CAR T cells back
nto patients.
[03631]  Figure 10, Schematic representation of the changes that will be applied on
Vignalt's retroviral vector. LEFT. Representation of the construct that will be used to obtain
cvtotoxicity in CD& RIGHT. Representation of the construct used to obtain transplant
acceptance in TREG.
[06632]  Figure 11, Schematic representation of the strategy that will be followed to
obtain the two different plasmid for retroviral mfection.

DETAILED DESCRIPTION OF THE INVENTION
[03633]  The present invention relates to a chimeric antigen receptor (CAR) particularly
adapted to imnune cells used in immunctherapy to treat cancer, autoimmune disease and
graft vs host disease.
[06634]  Recently. a series of clinical trials have demonstrated that cancer
immunotherapies, can induce durable responses in patients with advanced cancers. One of
the most successful cancer immunotherapies uses chimeric antigen receptor {CAR) T cells
to treat B cell derived leukermas and lymphomas. In this therapy, a single cham antibody
specific for CD19 is fused to CD28 (a T cell co-stimulatory protein) and to CD3zeta. T cells
expressing this CD9-specific CAR can provide T cell with potent primary and secondary
signals directed against all cells expressing CD 9, including malignant and normal B cells.
The success of these therapies depends on maxinizing imonmune responses against malignant
cells and minimizing inymune responses on against normal cells {i.e., off target effects).
[06635]  To date, CAR T cell therapies have had modest success agaimst solid tumors, in
part, because it 18 difficult 1o 1dentify antigens that are expressed only on cancer cells but
not on normal cells. Unlike CI219 which is expressed uniguely in normal and malignant B
cells, there are no other known proteins expressed in solid tumors demonstrate a very
narrow window of expression as CD19. Moreover, sequencing has revealed that the
majortty of tumors generate private rautations not frequently shared by patients with the
same tumor type. Indeed, rapidly generating patient-specific immunotherapies is an wnmet
medical need in not only cancer but in autoimmune disease and graft vs host disease.

[006036]  The present invention solves the problems of current CAR T cell therapies.

LA
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[06637]  When T cells enter tumors they typically begin to proliferate but are then
blocked from further growth by the tumor microenvironment._In the present invention,
tumor-nfiltrating hyrophocytes (T1Ls) are i1solated and single cell targeted RN A-~sequencing
{RNA-seq) of their TCRs are performed.

[06638]  TCRs that react to antigens expressed in the tumor by countting the frequency of
specific TCRu and P pairs in the individual cells. In tumor cells, since the T cells began to
clonally amplify within the tumor prior to becoming inhibited, these TCRs are reacting to
antigens in the tumor. TCRs (full-length TCRs or the variable region genes of TCR ¢
/Behains {only) are cloned into a CAR constructs {for example but not limited to variable
domains coupled to CD28 and CD3zetla co-stinulatory domains) used to infect penipheral T
cells, and adnunistered back into the patient as patient-tumor-specific autologous T cell
imnumotherapy.

(0660397  Expressing these recombinant TCRs or CAR-TCRs in effector T cells can
generate personalized autologous T cell-based cancer therapy.

[03848]  To discern which TCRSs recognize self antigens and which recognize unique
non-self (neo-antigens} in the tumor, we will immunocaffinity purify peptide-MHC
complexes using antibodies to MHC Class [ and Class I antigens. Then we will perform
immunoaffinity purification using TCR tetramers generated from the cloned TCR o /3 pairs
tdentified by single cell RNA-seq. Precipitates from tandem tmmunoaffinty purtfication
will be subjected 1o mass spectrometry. By comparing peptides {o reference genes, we will
identify TCRs that recognize peptide necantigens that uniquely react to the tumor and that
do not react 1o normal healthy tissues. This rapid and direct strategy to identify tumor-
specific antigens are used for autologous T cell therapy according to the invention as well as
to generate patient-specific peptide vaccines.

[03841]  Similar to the tumor microenvironment, T cells clonally amphify in other
disorders such as autoimpmumity and graft (transplant} rejection. Performing single cell
targeted RN A-seg of TCRs from sites of autoimmune reactivily and graft rejection can
deternune the identity and frequency of TCR o /P pairs that are promoting disease.
Expressing these recombinant TCRs or CAR-TCRs 1n regulatory T cells and other
regulatory invmune cells can generate personalized T cell-based therapy for autoimmunity

and graft rejection.
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066042}  Genetic engineering of human lvmphocytes to express tumor-directed or setf-
directed chimeric antigen receptors (CAR}) can produce effector cells that bypass immune
escape mechanisms that are due to abnormalities in protein~-antigen processing and
presentation.

[06643] CAR T cell therapies have received much atiention, however this
immunotherapeutic approach has its hmitations. One shortcormng with this strategy 15 that
targeting tumor antigens sometimes comes at the expense of normal cells that are
gxpressing the same proteins, resulting in devastating side effects. Inthe case of CART
cells directed against leukemmas and lymphomas, this includes an imnmune attack on
patients’ normal B cells resulting in the loss of protective antibodies and an increased
susceptibility to infections. Moreover identifying tumor antigens is difficult. Second, T
cells that enter inio the tumor microenvironment are subjecied to several inhibitory signals
which Iimit an effective immune response.

[06644]  The present invention overcomes these challenges by leveraging several
technological innovations to create an effective and personalized CAR T cell therapy.
Specifically, tumor mfilirating tumor-infiltrating Iy mphocytes (TiLs) will be isolated and
the natural T cell receptors (TCRs) on these TILs will be identified and sequenced on a
single cell level. The antigens recognized by the natural TCRs wili be sequences to
determine if they are self-antigens (expressed on normal tissues) or neo-antigens {expressed
only on cancer tissues). To make CAR T cells for cancer immunotherapy, CD4% and/or
{D8" T-celis will be engineered to express TCRs recognizing only the neo-antigens but not
self-antigens. Optionally, to further enhance the CAR T cells” ability to kill tumors, the
cells will be further engineered to turm off genes that inhibit immune responses. By turning
off the inhibttors of immune responses {such as Cbl-b, SOCST and PD-1 onlv in CAR T
cells that recognize cancers, we will vasily improve the anti-cancer effects of CAR T cells
withowt harming normal tissues.

[00645] A simular approach is used to produce CAR T cell therapy for autotmmunity and
graft vs host disease. Specifically, T-lvmphocytes that infiltrate graft tissue or the site of
autotmmune reactivity will be isolated and the natural T cell receptors (TCRs) on these
TILs will be identified and sequenced on a single cell level. To make CAR T cells for
autotmumunity and graft vs host disease, T regulatory cells (Treg) will be engineered to

express the identified TCRs.
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[06646]  Also included in the invention are methods of identifying the necantigen
recognized by the isolated TCR. The necantigen is identified by first isolating MHC class
i and MHC class Il peptides from a cell from the subject. For example, MHC peptides are
pulled down using pan-class { and pan class U antibodies. Isolated peptides that bind the
TCR will be identified by binding to TCR tetramers. The precipitates from this second
pulldown will be subjected 1o mass spectrometry in order to identify the peptide sequences.
[06647]  The CAR according to the invention generally comprises at least one
transmembrane polyvpeptide comprising at least one extracellular ligand-binding domain
and; one transmembrane polypeptide comprising at teast one intracellular signaling dowmain;
such that the polvpeptides assemble together to form a Chimeric Auntigen Receptor.

[066048]  The term "extracelular ligand-binding domain” as used herein is defined as an
polvpeptide that is capable of binding aligand. Preferably, the domain will be capable of
interacting with a cell surface molecule. For example, the extracellular higand-binding
domain may be chosen to recognize a ligand that acts as a cell surface marker on target cells
associated with a particular disease state. Most preferably, the extracellular domain is the
variable region of a T-cell receptor. Most preferably, the extracellular domain 1s a variable
region of a T- cell recepior that recognize a tumor antigen.

[03649]  In particular, the extracellular ligand-binding domain comprises the variable
region of a T-cell receptor specific for a tumor associated antigen or a self antigen.
Preferably, the T-cell receptor, the tumor associated antigen or self antigen has been
identified from a single T-cell obtained from a subject. For example. the T-cell recepior is
identified from a tumor nfilirating lvmphocyte, a lymphocyte from an autormmune site or a
tymphocyte from a grafi tissue.

[06050]  In various aspects the extracellular ligand-binding domain 15 a single chain T-
cell receptor.

[06651]  In apreferred embodiment said fransmembrane domain further comprises a stalk
region between said extracetiular ligand-binding domain and said transmembrane domain.
The term "stalk region” used herein generally means any oligo- or polvpeptide that
functions t¢ link the {ransmembrane domain 1o the extraceliuvlar ligand-binding domain. In
particular, stalk region are used to provide more flexibility and accessibility for the
extracethular ligand-binding domain. A stalk region may comprise up to 300 amino acids,

preferably 10 to 100 amino acids, more preferably 25 to 50 amino acids and most preferably
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3 1o 15 amino acids. Stalk region may be derived from all or part of naturally occurring
molecules, such as from all or part of the extracellhular region of CD8, CD4 or CD28, or
from all or part of an antibody constant region. Alternatively the stalk region may be a
synthetic sequence that corresponds 1o a naturally cccurring stalk sequence, or may be an
entirely synthetic stalk sequence. In a preferred embodiment said stalk region is a part of
human CD3 alpha chain

060527  The signal transducing domain or intracellular signaling domain of the CAR of
the mvention is responsible for intracellular signaling following the binding of extracelinlar
ligand bindimg domain to the target resulting in the activation of the immmune cell and
imroune response.  In other words, the signal transducing domain 1s responsible for the
activation of at least one of the normal effector functions of the immune cell in which the
CAR is expressed. For example, the effector function of a T cell can be a cyiolytic activity
or helper activity including the secretion of cytokines. Thus, the term "signal transducing
domain” refers to the portion of a protein which transduces the effector signal function
signal and directs the cell to perform a specialized function.

[06653]  Signal transduction domain comprises two distinet classes of cytoplasmic
signaling sequence, those that imitiate antigen~-dependent primary activation, and those that
act in an antigen-independent manner to provide a secondary or co-stimulatory signal.
Primary cytoplasmic signaling sequence can comprise signaling motifs which are known as
immunoreceptor tyrosine-based activation motits of TTAMs. ITAMSs are well defined
signaling motifs found 1n the intracytoplasmic tail of a variety of receptors that serve as
binding sites for syk/zap70 class tyrosine kinases. Examples of ITAM used in the invention
can include as non limiting examples those derived from TCR zeta, FcR gamma, FeR beta,
FcR epsilon, CD3 gamma, CD3 delta, CD3 epsilon, CD3, CD22, CD79a, CD79 and
CD66d. In a preferred embodiment, the signaling transducing domain of the CAR can
comprise the CD3 zeta signaling domain, or the intracytoplasmic domain of the Fc epsilon
RI beta or gamma chains. In another preferred embodiment, the signaling is provided by
CD3 zeta together with co-stimulation provided by CD28 and a tumor necrosis factor
receptor {TNF1), such as 4-1BB or X40), for example.

[06654]  In particudar embodiment the intracellular signaling domam of the CAR of the
present invention comprises a co-stimulatory signal molecule. In some embodiments the

intracellular signaling domain contains 2, 3, 4 or more co~stimulatory molecules in tandem.
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A co-stimulatory molecule s a cell surface molecule other than an antigen receptor or their
ligands that is required for an efficient iomune response.

[00055]  "Co-stiroulatory ligand" refers to a molecule on an anfigen presenting cell that
specifically binds a cognate co-stimulatory molecule on a T-cell, thereby providing a signal
which, in addition to the prnmary signal provided by, for instance, binding of a TCR/CD3
complex with an MHC molecule loaded with peptide, mediales a T cell response, mcluding,
but not limited to, proliferation activation, differentiation and the like. A co-stimulatory
ligand can include but is not limited to CB7, B7-1 (CD80}, B7-2 (CDRG), PD-L1, PD-L2, 4-
IBBL, OX40L, inducible costimulatory higand (ICOS-L), intercellular adhesion molecule
(ICAM, CD30L, CD40, CDT70, CDE3, HLA-G, MICA, MICB, HVEM, lvmphotoxin beta
receptor, 3/TR6, ILT3, ILT4, an agonist or antibody that binds Toll ligand receptor and a
ligand that specifically binds with B7-H3. A co-stimudatory ligand also encompasses, inter
alia, an antibody that specifically binds with a co-stimulatory molecude present on a T cell,
such as but not imited 1o, CD27, CD28, 4-1BB, OX40, CD30, CD40, PD-1, ICOS,
tvmphocyte fimction-assoctated antigen-1 (LFA-1), CD2, CD7, LTGHT, NKG2C, B7-H3, a
ligand that specifically binds with CD83.

[03056] A "co~stimulatory molecule” refers to the cognate binding partner on a T-cell
that spectfically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory
response by the cell, such as, but not limuted to proliferation. Co-stimulatory molecules
meclude, but are not hinuted to an MHC class 1 molecule, BTLA and Toll ligand receptor.
Examples of costimulatory molecules include CD3{, CD27, CD28, CDS, 4-1BB (CD137).
OX40, CD30, CD40, PD-1, ICOS, Ivimphocyte function-associated anfigen-1 (LFA-1},
CD2, CD7, LIGHT, NKG2C, B7-H3 and a ligand that specifically binds with CD83 and the
like.

[66057]  In another particular embodiment, said signal transducing domain i3 a TNFR-
associated Factor 2 {TRAF2) binding rootifs, intracytoplasnuc tail of costimulatory TNFR.
member family. Cytoplasmic tail of costimutatory TNFR family member contains TRAF2
binding motifs consisting of the major conserved motif (P/S/AYX(GQ/EE) or the minor motif
(PXQXXD), wherein X 1s any amino acid. TRAF proteins are recruited to the intraceilular
tails of many TNFRs in response to receptor trimerization.

[06658]  The distinguishing features of appropriate transmembrane polypeptides comprise

the ability to be expressed at the surface of an immune cell, in particular lymphocyte cells

10
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or Natural killer (NK) cells, and to interact together for directing cellular response of
tmmune cell against 3 predefined target cell. The different transmembrane polvpeptides of
the CAR of the present invention comprising an extracellular ligand-biding dorain and/or a
signal transducing domain interact together to take past in signal transduction following the
binding with atarget ligand and induce an immune response. The transmembrane domain
can be derived either from a natural or from a synthetic source. The transmembrane domain
can be derived from any membrane-bound or transmembrane protein.

[06659]  The term "a part of " used herein refers to any subset of the molecule, thatis a
shorter peptide. Alternatively, amino acid sequence functional variants of the polypeptide
can be prepared by mutations in the DMNA which encodes the polvpeptide. Such variants or
functional variants include. for example, deletions from, or insertions or substitutions of|
residues within the amino acid sequence. Any combination of deletion, insertion, and
substitution may also be made to arrive at the {inal construct, provided that the {inal
congtruct possesses the desired activity, especially 1o exhibit a specific anti-target ceflular
tmmune activity. The functionality of the CAR of the invention within a host cell is
detectable 1n an assay suitable for demonstrating the signaling potential of said CAR upon
binding of a particular target. Such assays are available to the skilled person in the art. For
exarnple, this assay allows the detection of a signaling pathway, triggered upon binding of
the target, such as an assay involving measurement of the increase of calcium ion release,
mitraceltular tyrosine phosphorylation, inositol phosphate turnover, or interleukin (IL) 2,
nterferon .garoma., GM-~CSF, 1L.-3, IL-4 production thus effected.

[00066]  Celis

[06661]  Embodiments of the imvention include cells that express a CAR (1.e, CARTS).
The cell may be of any kind, including an iromune cell capable of expressing the CAR for
cancer therapy or a cell, such as a bacterial cell, that harbors an expression vector that
encodes the CAR. As used herein, the terms "cell.” "cell line." and "cell culture" may be
used mterchangeably. All of these terms also include their progeny, which is any and all
subsequent generations. It is understood that all progeny may not be identical due to
deliberate or inadverient mutations. In the context of expressing a heterologous nucleic acid
sequence, "host cell" refers to a eukaryotic cell that is capable of replicating a vector and/or
expressing a heterologous gene encoded by a vector. A host cell can, and has been, used as

a recipient for vectors. A host cell may be "transfected" or "transformed,” which refersto a

i
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process by which exogenous nucleic acid is transferred or introduced into the host cell. A
transformed cell includes the primary subject cell and its progeny. As used heretn, the terms
"engineered” and "recombinant” cells or host cells are intended to refer to a cell into which
an exogenous nucleic acid sequence. such as, for example, a vector, has been infroduced.
Therefore, recombinant cells are distinguishable from naturally occurring cells which do not
contain a recombinantly introduced nucleic acid. In embodiments of the mvention, a host
cell is a T cell, including a helper T cell {Th}, a cytotoxic T cell {also known as TC,
Cytotoxic T Lymphocvte, CTL, T-Killer cell, cvtolytic T cell, CD8+ T-cells or killer T cell)
aregulatory T cell {Treg), a T follicular regulatory cell (TFR), NK cells and NKT cells are
also encompassed in the invention.

[03662]  Some vectors may employ control sequences that allow i1 to be replicated and/or
expressed in both prokaryotic and eukaryotic cells. One of skill in the art would further
wnderstand the conditions under which to incubate all of the above described host cells to
muatitain them and to permit replication of a vector. Also understood and known are
techniques and conditions that would allow large-scale production of vectors, as well as
production of the nucleic acids encoded by vectors and their cognate polypeptides, proteins,
ot peptides.

[03663]  The cells can be autologous cells, syngeneic cells, allogenic cells and even in
some cases, xenogeneic cells.

(60064} In many situations one may wish to be able to kill the modified CTLs, where
one wishes 1o terminate the treatment, the cells become neoplastic, in research where the
absence of the cells after their presence is of interest, or other event. For this purpose one
can provide for the expression of certain gene products in which one can kill the modified
cells under controlied conditions, such as inducible suicide genes.

[00065]  Armed CARTS

[06666]  The inveniion further includes CARTS that are modified to secrete one or more
polypeptides. The polvpeptide can be for example an antibody or ovtokine. Cytokines
included for example IL-2.

[06667]  Armed CARTS have the advantage of simultaneously secreting a polypeptide at
the targeted site, e.g. tumor site, graft site or autoimymune site.

[00068]  Armed CART can be constructed by including a nucleic acid encoding the

polypeptide of interest after the intracellular signaling domain. Preferably, there is an
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internal ribosome entry site, (IRES), posttioned between the intraceliular signaling domain
and the polvpeptide of interest. One skilled in the art can appreciate that more than one
polypeptide can be expressed by emploving multiple IRES sequences in tandem.

108869  Introduction of Coustructs inte Cells

[06678]  Expression vectors that encode the CARSs can be introduced as one or more
DNA molecules or constructs, where there may be at least one marker that will allow for
selection of host cells that contain the construct(s).
[06671]  The constructs can be preparad in conventional ways, where the genes and
regulaiory regions may be isolated, as appropriate, ligated, cloned in an appropriate cloning
host, analyzed by restriction or sequencing, or other convenient means. Particularly, using
PCR, mdividual fragments including all or portions of a functional unit mayv be isolated,
where one or more mutations may be introduced using "primer repair”, ligation, in vitro
mutagenesis, etc., as appropriate. The construct(s} once completed and demonstrated to
have the appropriate sequences may then be introduced into the cell (e, T-cell) by any
convenient means. The construcis may be integrated and packaged into non-replicating,
defective viral genomes like Adenovirus, Adenc-assoctated virus (AAV), or Herpes simplex
virus (HSV) or others, including retroviral vectors or lentiviral vectors, for infection or
transduction into cells. The constructs may include viral sequences for transfection, if
desired. Altermnatively, the construct may be introduced by fusion, electroporation, biolistics,
transfection, lipofection, or the like. The host cells may be grown and expanded in culture
hefore introduction of the construct(s), followed by the appropriate treatment for
ntroduction of the construct(s) and integration of the construct{s). The cells are then
expanded and screened by virtue of a marker present in the construct. Vartous markers that
may be used successfully include hpri, neomycin resisiance, thymidine kinase, hygromyan
resisiance, eic.
[06672]  In some instances, one may have a target site for homologous recombination,
where 1t is desired that a construct be integrated at a particular locus. For example,) can
knock-out an endogenous gene and replace it (at the same locus or elsewhere) with the gene
encodead for by the construct using materials and methods as are known in the art for
homologous recombination. For homologous recombination, one may use either OMEGA.
or O-~-vectors. See, for example, Thomas and Capecchi, Cell (19873 51, 5303-512; Mansour,
et al., Nature (1988} 336, 348-352; and Joyner, et al., Nature (1989} 338, 153-156.
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06673 The constructs may be introduced as a single BNA molecule encoding at least
the CAR and optionally ancther gene, or different DNA molecules having one or more
genes. Other genes include genes that encode therapeutic molecules or suicide genes, for
example. The constructs may be introduced simultaneously or consecutively, each with the
same or different markers.

[00074]  Vectors containing useful elements such as bacterial or veast ongins of
replication, selectable and/or amplifiable markers, promoter/enhancer elements for
gxpression in prokaryotes or eukaryotes, etc. that may be used io prepare stocks of construct
DNAs and for carrying out transfections are well known in the art, and many are
conmercially available.

00873}  Methods of Use

[08676]  The cells according to the invention can be used for treating cancer, graft vs host
disease or autoimnune disorders in a patient in need thereof. In another embodiment, said
isolated cell according to the invention can be used in the manufacture of a medicament for
treatment of a cancer, graft vs host disease or autoimmune disorders, in a patient in need
thereof.

[006077]  The present invention relies on methods for treating patients in need thereof, said
method comprising at least one of the following steps: {a) providing a chimeric antigen
receptor cells according to the invention and (b} admunistrating the cells to said patient.
[06678]  Said treatment can be ameliorating, curative or prophylactic. It may be either
part of an autologous immumotherapy or part of an allogenic inmunaotherapy treatment. By
autoiogous, it is meant that cells, cell fine or population of cells used for treating patients are
originating from said patient or from a Hurman Leucocyte Antigen (HLA) compatible donor.
By allogeneic 1s meant that the cells or population of cells used for treating patients are not
originating from said patient but from a donor.

[06679]  The inveniion is particularly suited for alfogenic immunotherapy, insofar as it
enables the transformation of T-cells, typically obtaned from donors, mto non-alloreactive
cells. This may be done under standard protocols and reproduced as many times as needed.
The resulted modified T calis may be pooled and administrated to one or several patients,
being made available as an "off the shel{" therapeutic product.

[00086]  Cells that can be used with the disclosed methods are described i the previous

section. Said treatment can be used to treat patients diagnosed with cancer, autoimmune
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disorders or Graft versus Host Disease (GvHD). Cancers that may be treated include tumors
that are not vascularized, or not yet substantially vasculanized, as well as vascularized
tumors. The cancers mav comprise nonsolid tumors (such as hematological tumors, for
example, leukenuas and lvmphomas}) or may comprise solid tumors. Types of cangers to be
treated with the CARs of the invention include, but are not limited to, carcinoma. blastoma,
and sarcoma, and certain leukemia or lymphoid malignancies, benign and malignant tumors,
and malignancies €.g., sarcomas, carcinomas, and melanomas. Adult tumors/cancers and

pediatric tumors/cancers are aiso included.

00081} It can be a treatment in combination with one or more therapies against cancer
selected from the group of antibodies therapy, chemotherapy, cvtokines therapy, dendritic
cell therapy, gene therapy, hormone therapy, laser hight therapy and radiation therapy.
(066082}  According to a preferred embodiment of the invention, said treatment can be
admunisirated into patients undergoing an immunosuppressive treatment. Indeed, the present
mvention preferably relies on cells or population of cells, which have been made resistant to
at least one imumunosuppressive agent due to the inactivation of a gene encoding a receptor
for such immumosuppressive agent. In this aspect, the immunosuppressive treatment should
help the selection and expansion of the T-cells according to the imvention within the patient.
[06683]  In a further embodiment, the celi compositions of the present invention are
adminisiered io a patient in conjunction with {e.g.. before, simultaneously or following)
bone marrow transplantation, T cell ablative therapy using either chemotherapy agents such
as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or antibodies
such as OKT3 or CAM PATH. In another embodiment, the cell compositions of the present
invention are administered foliowing B-cell ablative therapy such as agents that react with
D20, e.g., Rituxan. For example, in one embodiment, subjects may undergo standard
treatment with high dose chemotherapy followed by peripheral blood stem cell
transplantation. In certain embodiments, following the transplant, subjects receive an
mnfusion of the expanded immune cells of the present mvention. In an additional
embodiment, expanded cells are administered before or following surgery. Said modified
cells obtained by any one of the methods described here can be used in a particular aspect of
the invention for treating patients in need thereof against Host versus Graft (Hv(G) rejection
and Graft versus Host Disease (GvHD); therefore in the scope of the present inventionis a
method of treating patients in need thereof against Host versus Graft (HvG) rejection and
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Graft versus Host Prsease (GvHD)} comprising ireating said patient by administering {o said
patient an effective arnount of modified cells comprising inactivated TCR alpha and/or TCR
beta genes.

[00884)  Administration of Cells

[06685]  The inveniion is particularly suited for allogenic immunotherapy, insofar as it
enables the transformation of T-cells, typically obtained from donors, mnto non-alloreactive
cells. This may be done under standard protocols and reproduced as many times as needed.
The resulted modified T calis may be pooled and administrated to one or several patients,
being made available as an "off the shel{" therapeutic product.

[(03086] Depending upon the nature of the cells, the cells may be introduced into a host
organism, e.g. a mammal, in a wide variety of ways. The cells may be introduced at the site
of the tumor, i specific embodiments, although in altermative embodiments the cells hone
1o the cancer or are modified (o hone to the cancer. The number of cells that are emploved
will depend upon a number of circumsiances, the pwrpose for the introduction, the hifetime
of the cells, the protocol 1o be used, for example, the number of administrations, the ability
of the cells to muldtiply, the stability of the recombinant construct, and the like. The cells
may be applied as a dispersion, generally being injected at or near the site of interest. The
cells may be in a phvsiologicallv-acceptable medium

[06687]  In some embodiments, the cells are encapsulated to inhibit immune recognition
and placed at the site of the tumor.

[06688]  The ceils may be administered as desired. Depending upon the response desired,
the manner of adminisiration, the life of the cells, the number of cells present, various
protocols may be employed. The number of administrations will depend upon the factors
described above at least in part.

[03689]  The adnmunistration of the ceils or population of cells according to the prasent
mvention may be carried out in anv convenient manner, including by aerosol inhalation,
mjection, ingestion, transtusion, implantation or transplantation. The compositions
described herein may be adnunistered to a patient subcutaneously, intradermaly,
intratumorally, imtranodally, intramedullary, intramuscularly, by intravenous or

mitraly mphatic injection, or intraperitoneally. In one embodiment, the cell corposttions of

the present invention are preferably adnunisiered by intravenous injection.
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[06696]  The admunisiration of the cells or population of cells can consist of the
administration of 10% -10% cells per kg body weight, preferably 10° to 10° celis/kg body
weight including all integer values of cell numbers within those ranges. The cells or
population of cells can be administrated in one or more doses. In another embodiment, said
effective amount of cells are administrated as a single dose. In another embodiment, said
effective amount of cells are admunistrated as more than one dose over a period time,
Timing of administration is within the judgment of managing physician and depends on the
clinical condition of the patient. The cells or population of cells may be obtained from any
source, such as a blood bank or a donor. While individual needs vary, determination of
optimal ranges of effective amounts of a given cell type for a particular disease or
conditions within the skill of the art. An effective amount means an amount which provides
a therapeutic or prophviactic benefit. The dosage administrated will be dependent upon the
age, health and weight of the recipient, kind of concurrent treatment, if any, frequency of
treatment and the nature of the effect desired.

[06691] [t should be appreciated that the system is subject to many variables, such as the
cellular response to the ligand, the efficiency of expression and, as appropriate, the level of
secretion, the activity of the expression product, the particular need of the patient, which
may vary with time and circumstances, the rate of loss of the cellular activity as aresult of
loss of cells or expression activity of individual cells, and the like. Therefore, it is expected
that for each individual patient, even if there were uruversal cells which could be
admimstered to the population at large, each patient would be momitored for the proper
dosage for the individual, and such practices of monitoring a patient are routine in the art.
{06692  Nucleic Acid-Based Expressinn Sysfems

[06093]  The CARs of the present invention may be expressed from an expression vector.
Recombinant techniques to generate such expression vectors are well known in the ait.
{00094} Yectors

[6095] The term "vector” 18 used to refer to a carrier nucleic acid molecule into which a
nucleic acid sequence can be inserted for introduction into a cell where it can be replicated.
A nucleic acid sequence can be "exogenous,” which means that it is foreign to the cell into
which the vector is being introduced or that the sequence 13 homologous 1o a sequence in
the cell but in a position within the host cell nucleic acid in whuch the sequence 15 ordinarily

not found. Vectors include plasnuds, cosmids, viruses (bacteriophage, amimal viruses, and
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plant viruses), and artificial chromosomes (e.g., YACs). One of skill in the art would be
well equnpped to construct a vector through standard recombinant techniques {see, for
example, Maniatis ef al., 1988 and Ausubel et al., 1994, both incorporated herein by
reference).

(60096} The term "expression vector” refers to any tvpe of genetic construct comprising
anucleic acid coding for a RNA capable of being {ranscribed. In some cases, RNA
molecules are then translated into a protein, polypeptide, or peptide. In other cases, these
sequences are not translated, for example, in the production of antisense molecules or

H

riborymes. Expression vectors can contain a variety of "control sequences,” which refer to
nucleic acid sequences necessary for the transcription and possibly translation of an
operably linked coding sequence in a particular host cell. In addition to control sequences
that govern transcription and translation, vectors and expression vectors may contain
nuclete acid sequences that serve other functions as well and are described infra.

[06697]  _Promgoters and Enhancers

(06698 A "promoter” is a control sequence that is a region of a nucleic acid sequence at
which initiation and rate of transcription are controlled. It may contain genetic elements at
which regulatory proteins and molecules may bind, such as RNA polvmerase and other
transcription factors, to mitiate the specific transcription a nucleic acid sequence. The

phrases "operatively positioned,” "operatively linked,” "under control,” and "under
transeriptional control” mean that a promoter 1s in a correct functional location and/or
orientation in relation to a nucleic acid sequence to control transcriptional initiation and/or
expression of that sequence.

(36099} A promoter generally comprises a sequence that functions to position the start
site for RNA svothesis. The best known example of this 1s the TATA box, but in some
promoters lacking a TATA box, such as, for example, the promoter for the mammalian
terminal deoxyvnucleotidyl transferase gene and the promoter for the SV40 late genes, a
discrete element overlying the start site iiself helps to fix the place of mifiation. Additional
promoter elements regulate the frequency of transcriptional irutiation. Typically, these are
focated in the region 30 110 bp upstream of the start site, although a number of promoiers
have been shown to contain functional elements downsiream of the start site as well. To
bring a coding sequence "under the control of a prorooter, one positions the 5' end of the

transcription initiation site of the transcriptional reading frame "downstream” of (i.e.. 3' of)
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the chosen promoter. The "upstream” promoter stimulates transcription of the BNA and
promotes expression of the encoded RNA.

[060100] The spacing between promoter elemenis frequently is flexible, so that promoter
function is preserved when elements are inverted or moved relative to one another, In the tk
promoter, the spacing between promoter elements can be increased to 50 bp apart before
activity begins to decline. Depending on the promoter, it appears that individual elements
can function either cooperatively or independently o activate transcription. A promoter may
or may not be used in conjunction with an "enhancer,” which refers to a cis-acting
regulatory sequence involved in the transcriptional activation of a nucleic acid sequence.
[660101] A promoter may be one naturally associated with a nucleic acid sequence, as
may be obtained by isolating the 5 prime' non-coding sequences located upstream of the
coding segment and/or exon. Such a promoter can be referred to as "endogenous.”
Simalarly, an enhancer may be one naturally associated with a nucleic acid sequence,
tocated either downstream or upstream of that sequence. Altematively, certain advantages
will be gained by positioning the coding nucleic acid segment under the control of a
recombinant or helerologous promoter, which refers to a promoter that 1s not normally
associated with a nucleic acid sequence in 1ts natural enviromment. A recombinant or
heterologous enhancer refers also to an enhancer not normally associated with a nucleic
acid sequence in its natural environment. Such promoters or enhancers may include
promoters or enhancers of other genes, and promoters or enhancers isolated from any other
virus, or prokaryotic or eukaryotic cell, and promoters or enhancers not "naturally

L

occurring.” 1.e., containing different elements of different transcriptional regulatory regions,
and/or mutations that alier expression. For example, promoters that are most conmmonly
used m recombinant DNA construction include the lactamase (penicillinase), lactose and
tryptophan (trp) promoter svstems. In addition to producing nucleic acid sequences of
promoters and enhancers svnthetically, sequences may be produced using recombinant
cloning and/or nucleic acid amplification technology, including PCR.TM., 1n connection
with the compositions disclosed herein (see U 8. Pat. Nos. 4,683,202 and 3,928,906, each
incorporated herein by reference). Furthermore, it is contemplated the control sequences
that divect transcription and/or expression of sequences within non-nuclear organelles such

as mitochondria, chioroplasts, and the hike, can be employed as well.
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[066162]  Naturally, it will be important {0 employ a promoter and/or enhancer that
effectively directs the expression of the DN A segment in the organelle, cell type, tissue,
organ, or organism chosen for expression. Those of skill in the art of molecular biology
generally know the use of promoters, enhancers, and cell type combinations for protein
expression, {see, for example Sambrook et al. 1989, incorporated herein by reference). The
promoters employed may be constitutive, tissue-specific, inducible, and/or useful under the
appropriate conditions to direct high level expression of the introduced DNA segment, such
as is advantageous in the large-scale production of recombinant proteins and/or peptides.
The promoter may be helerologous or endogenous.

[060103]  Additionally anv promoter/enhancer combination could also be used to drive
expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another possible
emnbodiment. Eukarvotic cells can support cyioplasmic transcription from certain bacterial
promolers if the appropriate bacterial polymerase is provided, either as part of the delivery
complex or as an additional genetic expression consiruct.

[066164] The identity of tissue-specific promoters or elements, as well as assays (o
characterize thetr activity, 15 well known to those of skill in the art.

[060105] A specific titiation signal also may be required for efficient translation of
coding sequences. These signals mnclude the ATG initiation codon or adjacent sequences.
Exogenous translational control signals, including the ATG initiation codon, may need to be
provided. One of ordinary skill in the art would readily be capable of determining this and
providing the necessary signals

[066166]  In certain embodiments of the invention, the use of intemal ribosome eniry sites

used 10 the invention,

[036187]  In other embodiments of the invention, the use of ZA self cleaving peptides are
used to create multigene, or polycistronic, messages, and these may be used in the
mvention,

[066168]  Vectors can include a multiple cloning site (MCS), which is a nucleic acid
region that contains multiple restriction enzyme sites, any of which can be used in
conjunciion with standard recombinant technology to digest the vector. "Restriction enzyme
digestion” refers to catalytic cleavage of a nucleic acid molecule with an enzyme that

functions onldy at specific locations in a nucleic acid molecule. Many of these restriction
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enzyvmes are commercially available. Use of such enzvmes is widely understood by those of
skill in the art. Frequently, a vector is hinearized or fragmented using a restriction enzyme
that cuts within the MCS to enable exogenous sequences to be ligated to the vector.
"Ligation® refers to the process of forming phosphodiester bonds between two nucleic acid
fragments, which may or may not be contiguous with each other. Techniques involving
restriction enzymes and ligation reactions are well known to those of skill i the art of
recombinant technology.

[066169]  Splicing sites, termination signals, origins of replication, and selectable markers
may also be ernployed.

[060110]  Plasrmd Vectors

[036111]  In certain embodiments, a plasmid vector 1s contemplated for use to transform a
host cell. In general, plasmd vectors containing replicon and control sequences which are
derived from species compatible with the host cell are used in connection with these hosts.
The vector ordinanly carries a replication site, as well as marking sequences which are
capable of providing phenotvpic selection in transformed cells. In a non-limiting example,
E. coli is often transformed using derivatives of pBR322, a plasmid derived from an E. coli
species. pBR322 contains genes for ampicillin and tetracycline resistance and thus provides
easy means for identifying transformed cells. The pBR plasmid, or other microbial plasmid
or phage must also contain, or be modified to contain, for example, promoters which can be
used by the microbial organism for expression of its own proteins.

[066112] In addition, phage veciors containing replicon and control sequences that are
compatible with the host microorganism can be used as {ransforming vectors in connection
with these hosts. For example, the phage lambda GEM.TM. 11 may be utilized in making a
recornbinant phage vector which can be used fo transform host cells, such as, for example,
E. coli LE392

[066113] Further useful plasmid vectors include pIN vectors (Inouve et al., 1985}, and
pGEX vectors, for use in generating glutathione S transferase (GST) soluble fusion proteins
for later purification and separation or cleavage. Other suitable fusion proteins are those
with galactosidase, ubiquitin, and the like.

[060114] Bactenal host cells, for example, E. coli, comprising the expression vector, are
grown in any of a number of suitable media, for example, LB. The expression of the

recombinant protein in certain vectors may be induced, as would be understood by those of
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skill in the art, by contacting a host cell with an agent specific for certain promoters, e.g., by
adding IPTG to the media or by switching incubation to a higher temperature. Afier
culturing the bacteria for a further period, generally of between 2 and 24 h, the cells are
collected by centrifugation and washed to remove residual media.

[066115]  Viral Vectors

[066116]  The ability of certain viruses to infect cells or enter cells via receptor mediated
endocytosis, and to integrate into host cell genome and express viral genes stably and
efficiently have made them atiractive candidates for the transfer of foreign nucleic acids into
cells (e.g., mammalian cells). Components of the present invention may be a viral vector
that encodes one or more CARs of the invention. Non-limiting examples of virus vectors
that may be used to deliver a nucleic acid of the present invention are described below.
[06117)  Adenoviral Vectors

[060118] A particular method for delivery of the nucleic acid involves the use of an
adenovirus expression vector. Although adenovirus vectors are known to have a low
capacity for integration into genomic DNA, this feature is counterbalanced by the high
efficiency of gene transfer afforded by these vectors. "Adenovirus expression veclor” is
meant to include those constructs contaiming adenovirus sequences sufficient to (a) support
packaging of the construct and (b} to ultimately express a tissue or cell specific construct
that has been cloned therein. Knowlaedge of the genetic organization or adenovirus, a 36 kb,
linear, double stranded DNA virgs, allows substitution of large pieces of adenoviral DNA
with foreign sequences up to 7 kb {(Grunhaus and Horwitz, 1992).

[000119F AAV Vectors

[066128]  The nucleic acid may be miroduced into the cell using adenovirus assisted
transfection. Increased transfection efficiencies have been reported i cell systems using
adenovirus coupled systems (Kelieher and Vos, 1994; Cotten et al., 1992; Curiel, 1994),
Adeno associated virus {AAV} is an attractive vector system for use in the cells of the
present invention as it has a high frequency of integration and it can infect nondividing
cells, thus making it useful for delivery of genes into maromalian cells, for example, in
tissue culture (Muzyczka, 1992) or in vivo. AAV has a broad host range for infectivity
{Tratschin et al., 1984; Laughlin et al., 1986; Lebkowski et al., 1988; McLaughlin et al,
1988). Details concerning the generation and use of rAAV vectors are described in U.S. Pat.

Nos. 5,139,941 and 4,797,368, each incorporated herein by reference.
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1068121} Retroviral Vectors

[066122] Retroviruses are useful as delivery vectors because of their ability (o integrate
their genes into the host genome, transferring a large amount of foreign genetic material,
infacting a broad spectrum of species and cell types and of being packaged in special cell
lines (Miller, 1992}

[066123] In order to construct a retroviral vector, a nucleic acid (e.g., one encoding the
desired sequence) is inserted into the viral genome in the place of certain viral sequences to
produce a virus that is replication defective. In order o produce virions, a packaging cell
line containing the gag, pol, and env genes but without the LTR and packaging components
is constructed (Mann et al ., 1983). When a recombinant plasmid containing a cDNA,
together with the retroviral LTR and packaging sequences is infroduced into a special cell
line (e.g., by calcium phosphate precipitation for example}, the packaging sequence aliows
the RNA transcript of the recombinant plasmid o be packaged into viral pariicles, which
are then secreted into the culture media (Nicolas and Rubenstein, 1988; Temin, 1986; Mann
et al., 1983} The media containing the recombinant retroviruses is then collected, optionally
concentrated, and used for gene transfer. Retroviral vectors are able o infect a broad vanety
of cell types. However, integration and stable expression require the division of host cells
(Paskind et al., 1973).

[066124] Lentiviruses are complex retroviruses, which, in addition o the common
retrovival genes gag, pol, and env, contain other genes with regulatory or structural fumction.
Lentiviral vectors are well known i the art (see, for example, Naldini et al., 1996; Zufferey
gtal., 1997, Blomer et al., 1997, U.5. Pat. Nos. 6,013,516 and 5,994,136). Some examples
of lentivirus include the Human Tmmunodeficiency Viruses: HIV-1, HIV-2 and the Simian
Immunodeficiency Virus: SIV. Lentiviral vectors have been generated by roultiply
attenuating the HIV virulence genes, for example, the genes env, vif, vpr, vpu and nef are
deleted making the vector biologically safe.

[066125] Recombinant lentiviral vectors are capable of infecting non-dividing cells and
can be used for both in vivo and ex vivo gene transfer and expression of nucleic acid
sequences. For example, recombinant lentivirus capable of infecting a non-dividing cell
wherein a suitable host cell 1s transfected with two or move vectors carrving the packaging
functions, namely gag. pol and env, as well as rev and tat is described 10 U.S. Pat. No.

5,994,136, incorporated herein by reference. One may target the recombinant virus by
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linkage of the envelope protein with an antibody or a particular ligand for targeting to a
receptor of a particular cell-iype. By inserting a sequence (including a regulatory region) of
mnterest into the viral vector, along with another gene which encodes the ligand for a
receptor on a specific target cell, for example, the vector is now target-specific.

0001267  Other Viral Vectors

060127} Other viral vectors may be employed as vaccine constructs in the present
nvention. Vectors derived from viruses such as vaccinia virus (Ridgeway, 1988; Baichwal
and Sugden, 1986; Coupar et al., 1988), sindbis virus, cylomegalovirus and herpes simplex
virus may be employed. Theyv offer several attractive features for various marmalian cells
(Friedmann, 1989; Ridgeway, 1988; Baichwal and Sugden, 1986; Coupar et al., 1988
Horwich et al., 1990).

[006128] Delivery Using Modified Viruses

[066129] A nucleic acid to be delivered may be housed within an mfective virus that has
been engineered to express a specific binding ligand. The virus particlte will thus bind
specifically to the cognate receptors of the target cell and deliver the contents to the cell. A
novel approach designed to allow specific targeting of retrovirus vectors was developed
based on the chemical modification of a retrovirus by the chemical addition of lactose
residues to the viral envelope. This modification can permit the specific infection of
hepatocyies via sialoglvcoprotein receptors.

[000130]  Another approach to targeting of recorbinant retroviruses was designed in
which biotinylated antibodies against a retroviral envelope protein and against a specific
cell recepior were used. The antibodies were coupled via the biotin components by using
streptavidin (Roux et al., 1989). Using antibodies against major histocompatibility complex
class T and class 11 antigens, they demonstrated the infection of a variety of human cells that
bore those surface antigens with an ecotropic virus in viiro {Roux et al, 1989}

[0081311  Vector Delivery and Cell Transformation

[066132]  Suitable methods for nucleic acid delivery for transfection or transformation of
cells are known to one of ordinary skill in the art. Such methods include, but are not limited
to, direct delivery of DNA, RNA or mRNA such as by ex vivo iransfection, by injection,
and so forth. Through the application of techuniques known in the ari, cells may be stably or
transiently transformed.

[088133] Ex Vive Transformation
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[066134] Methods for transfecting eukarvotic celis and tissues removed from an organism
1 an ex vivo setting are known 1o those of skill in the art. Thus, it 1s contemplated that cells
or tissues may be removed and transfected ex vivo using nucleic acids of the present
invention. In particular aspects, the transplanted cells or tissues mayv be placed into an
organism. In preferred facets, a nucleic acid is expressed in the transplanted cells.

Kits of the Invention

[066135]  Anv of the compositions described herein may be comprised in a kit. In a non-
fimiting example, one or more cells for use in cell therapy and/or the reagents to generate
one or more cells for use in cell therapy that harbors recombinant expression vectors may be
comprised n a kit. The kit comaponents are provided in suitable container means.

[036136] Some components of the kits may be packaged etther in aqueous media or in
Ivophihized form. The container means of the kits will generally include at least one vial,
test tube, flask, bottle, svringe or other container means, into which a component mav be
placed, and preferably, suitably aliquoted. Where there are more than one component in the
kit, the kit also will generally contain a second, third or other additional contatner into
which the additional components may be separately placed. However, various combinations
of components may be comprised in a vial. The kits of the present invention also will
tvpically include a means for containing the components in close confinement for
commercial sale. Such containers may include injection or blow molded plastic containers
into which the desired vials are retamned.

[066137] When the components of the kit are provided in one and/or more liquid
solutions, the ligind solution is an aqueous solution, with a sierile aqueous sohution being
particularly veful. In some cases, the confainer means may itself be a syringe, pipetie,
and/or other such like apparatus, from which the formulation may be applied to an infected
area of the body, injected into an animal, and/or even appliad to and/or mixed with the other
components of the kit.

[066138] However, the components of the kit may be provided as dried powder(s). When
reagents and/or components are provided as a dry powder, the powder can be reconstituted
by the addition of a suitable solvent. It is envisioned that the solvent may also be provided
in another container means. The kits may also comprise a second container means for

containing a sterile, pharmaceutically acceptable buffer and/or other diluent.
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[066139]  In particular embodiments of the invention, cells that are o be used for cell
therapy are provided in a kit, and 1n some cases the cells are essentially the sole component
of the kit. The kit may conprise reagents and materials to make the desired cell In specific
embodiments, the reagents and materials include primers for amplifving desired sequences,
nucleotides, suitable buffers or buffer reagents, salt, and so forth, and in some cases the
reagents inchude vectors and/or DNA that encodes a CAR as deseribed herein and/or
regulatory elements therefor.

[066140]  In particular embodiments, there are one or more apparatuses in the kit suitable
for extracting one or more samples {rom an individual. The apparatus mayv be a syringe,
scalpel, and so forth

[036141]  In some cases of the invention, the kit, in addition to cell therapy embodiments,
also includes a second cancer therapy, such as chemotherapy, hormone therapy, and/or
immunotherapy, for example. The kit(s} may be tatlored to a particular cancer for an
mndividual and comprise respective second cancer therapies for the individual.

[006142] Idendification of Neoansigens

[066143]  One of the critical barriers to developing curative and tumor-specific
wmunotherapy s the identification and selection of hughly restricted tumor antigens {o
avoid autoimmunity. Tumor neoantigens, which arise as a result of genetic change within
malignant cells, represent the most tumor-specific class of antigens. Neoantigens have
rarely been used i vaccines due to technical difficulties in identifying them. Our approach
to identify tumor-specific neoantigen mvolves. (1) identification of T cell receptor
sequences that react with antigens expressed in the tumor obtained from the patient patient;
(2} cloning the patient specific T cell receptors; (3} isolating class I and class 1 peptides
from the patient; {4) contacting the MHC peptides with the TCR to (5} identifving what
MHC peptides for a complex with the T cell receptor.

[066144] The MHC peptides (necantigen peptides} are identified for example by direct
protein sequencing. Protein sequencing of enzymatic digests using multidimensional MS
techniques (M8n} including tandem mass spectrometry (MS/MS)) can also be used o
identify neoantigens of the invention. Such proteomic approaches permit rapid, highly
automated analysis (see, e.g, K. Gevaert and I Vandekerckhove, Electrophoresis 21:1145-

1154 (2000)).
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&



WO 2017/143076 PCT/US2017/018188

[066145]  Accordingly, the present invention also provides to methods for identifying
and/or detecting T-cell epitopes of an antigen. Specifically, the invention provides method
of identitying and/or detecting tumor specific neoantigens that are useful in inducing a
tumor specific immune response in a subject.

[066146] The inveniion further includes the isolated peptides that comprise the neoantige
identified by the methods of the invention. The size of the neoantigenic peptide molecule
may comprise, but is not limited to, about 3, about 6, about 7, about &, about 9, about 10,
about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19,
about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27, about 28,
about 29, about 30, about 31, about 32, about 33, about 34, about 35, about 36, about 37,
about 38, about 39, about 40, about 41, about 42, about 43, about 44, about 45, about 46,
about 47, about 48, about 49, about 50, about 60, about 70, about 80, about 90, about 100,
about 110, about 120 or greater amino molecule residues, and any range denvable therein.
In specific embodimenis the neoantigenic peptide molecules are equal to or less than 50
amino acids. In some embodimenis the particular neoantigenic peptides and polypeptides
of the invention are: for MHC Class [ 13 residues or less in length and usually consist of
between about 8 and about 11 residues, particularly 9 or 10 residues; for MHC Class I, 15-
24 residues. The neoantigenic peptides and polyvpeptides bind an HLA protein.. The
nepantigenic peptide has an IC50 of at least less than 5000 nM, at least less than 500 nM, at
least less then 250 nM, at feast less than 200 nM, at least Tess than 150 nM, at feast less than
100 nM, at least less than 50 nM or less. The neocantigenic peptides and polvpeptides does
not induce an autoimomune response and/or invoke immunological tolerance when
admunistered 1o a subject.

[000147]  One of skill i the art from this disclosure and the knowledge n the art will
appreciate that there are a variety of ways in which to produce such tumor specific
neoantigens suitable for adminisiration as a vaccine to a patient. In general, such tumor
specific neoantigens may be produced either in vitro or in vive. Tumor specific neoantigens
may be produced in vitro as peptides or polypeptides, which may then be formulated into a
personalized neoplasia vaccine or immunogenic composition and administered to a subject.
Such in vitro production may occur by a variety of methods known to one of skill in the art
such as, for example, peptide synthesis or expression of a peptide/polypeptide from a DNA

or RNA molecule in any of a variety of bacterial, eukaryotic, or viral recombinant
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expression systems, followed by purification of the expressed peptide/poiypeptide.
Alternatively, tumor specific neoantigens may be produced in vivo by miroducing
molecules (e.g.. DNA, RNA, viral expression systems, and the like} that encode tumor
specific neoantigens into a subject, whereupon the encoded tumor specific necantigens are
expressed.

[000148]  The imvention further provides a method of vaccinating or treating a subject by
administering the necantigen peptides identified by the methods of the invention {o the
subject.

[060149]  The vaccine composition can further comprise an adjuvant and/or a carrier.. The
peptides and/or polypeptides in the composition can be associated with a carnier such as e.g.
a protein or an antigen-presenting cell such as e g. a dendritic cell (DC) capable of
presenting the peptide to a T-cell.

[066158]  Adjuvants are any substance whose admixture into the vaccine composition
increases or otherwise modifies the immune response to the mutant peptide. Carriers are
scaffold structures, for example a polypeptide or a polysaccharide, to which the
neoantigenic peptides, ts capable of being associated. Optionally, adjuvants are conjugated
covalently or non-covalently to the peptides or polypeptides of the invention,

[036151]  The ability of an adjuvant o increase the inunune response 1o an antigen is
tvpically manifested by a significant increase in immume-mediated reaction, or reduction in
disease sympiloms. For example, an increase in humoral immumity is typically manifestied
by a significant increase in the titer of antibodies raised to the antigen, and an increase in T-
cell activity is typically manifested in increased cell proliferation, or cellular cyiotoxicity, or
cytlokine secretion. An adjuvant may also alter an immune response, for example, by
changing a primarily humoral or Th response into a primnarily cellular, or Th response.
[036152]  Switable adjuvants include, but are not limited to 1018 185, aluminium salts,
Amplivax, A515, BCG, CP-870,893, Cp(G7909, CvaA, dSLIM, GM-CSF, IC30, IC31,
Imiguimod, IuFact IMP321, IS Patch, ISS, ISCOMATRIEX, Juvlmmune, LipoVac, MF39,
mounophosphoryl ipid A, Montanide IMS 1312, Montamde ISA 206, Montanide ISA 50V,
Montanide ISA-51, OK-432, OM-174, OM-197-MP-EC, ONTAK, PepTel RTM. vactor
system, PLG microparticles, resiquimod, SRL 172, Virosomes and other Virus-like particles,
YF-17D, VEGF trap, R848, beta~glucan, Pam3Cvs, Aquila's Q821 stimulon (Aquila

Biotech, Worcester, Mass, USA) which is derived from saponin, mycobacterial extracts
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and synthetic bacterial cell wall mimics, and other proprietary adjuvants such as Ribi's
Detos. Quil or Superfos. Adjuvants such as incomplete Freund's or GM-CSF are preferred.
Several inwnunological adjuvants (e.g., MF39} specific for dendritic cells and their
preparation have been described previously (Dupuis M, et al., Cell Immunol. 1998;
186(11:18-27; Allison A C;. Dev Biol Stand. 1998, 92:3-11). Also cyiokines may be used.
Several cvtokines have been directly linked to influencing dendritic cell migration to
lvmphoid tissues {(e.g., TNF-alpha)}, accelerating the maturation of dendritic cells into
efficient antigen-presenting cells for T-lymphocytes (e.g., GM-CSF, IL-1 and IL-4} (U.S.
Pat. No. 5,849,589, specifically mcorporated herein by reference in its entirety) and acting
as immunoadjuvants (e.g., HL.~-12) (Gabrilovich D |, et al., J nmunother Emphasis Tumor
Immunol. 1996 (63:414-418}.

[000133]  CpG vmmunostimnulatory oligonucleotides have also been reported to enhance
the effects of adjuvants in a vaccine setting. Without being bound by theory, CpG
oligonucleotides act by activating the innate (non-adaptive) tmmumne system via Toll-like
receptors (TLR), mainly TLRS. Up(G triggered TLRY activation enhances antigen-specific
humoral and cellular responses 1o a wide variety of antigens, including peptide or protein
antigens, hive or killed viruses, dendritic cell vaccines, autologous cellular vaccines and
polysaccharide conjugates in both prophylactic and therapeutic vaccines. More importantly,
it enhances dendritic cell maturation and differentiation, resulting in enhanced activation of
TH1 cells and strong cyiotoxic T-lymphocyte (CTL) generation, even in the absence of
CD4 T-cell help. The TH1 bhias induced by TLRY stimulation is maintained even in the
presence of vaccine adjuvants such as alum or incomplete Freund's adjuvant (IFA) that
normally promote a TH2 bias. CpG oligonucleotides show even greater adjuvant activity
when formulated or co-administered with other adjuvants or in formulations such as
microparticles, nano particles, lipid emulsions or similar formulations, which are especially
necessary for inducing a strong response when the antigen is relatively weak. They also
accelerate the timmune response and enabled the antigen doses 1o be reduced by
approximately two orders of magnitude, with comparable antibody responses to the full-
dose vaccine without CpG in some experiments (Arthur M. Krieg, Nature Reviews, Drug
Drscovery, §, Jun. 2006, 471-484). U.S. Pat. No. 6,406,705 B describes the combined use
of Up(G oligonucleotides, non-nucleic acid adjuvants and an antigen to mduce an antigen-

specific immume response. A commercially available CpG TLRY antagonist is dSLIM
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{double Stem Loop Immunomodulator) by Mologen (Berlin, GERMANY), which is a
preferred component of the pharmaceutical composition of the present invention. Gther
TLR binding molecules such as RNA binding TLR 7. TLR 8 and/or TLR 9 may also be
used.

[066154] Other examples of useful adjuvants include, but are not limited to, chemically
modified CpGs (e.g. CpR, Idera), Poly(l:C) {e.g. polvi:CI2U), non-CpG bactenal DNA or
RNA as well as immunoactive small molecules and antibodies such as cyclophosphamide,
suntiinib, bevacizumab, celebrex, NUX-4016, sildenahl, tadalafil, vardenahl, sorafinib, XL-
999, CP-547632, pazopanib, ZD2171, AZD2171, ipthmumab, tremelimumab, and
SCS8175, which may act therapeutically and/or as an adjuvant. The amounts and
concentrations of adjuvants and additives useful in the context of the present mvention can
readily be determined by the skilled artisan withowt vndue experimentation. Additional
adjuvants mclude colony-stimulating factors, such as Granulocyte Macrophage Colony
Stimulating Factor (GM-CSF, sargramostim),

[066158] A carrier mav be present independently of an adjuvant. The function of a carrier
can {or example be to increase the molecular weight of i particular mutant in order to
merease their activity or immunogenicity, to confer stability, to increase the biological
activity, or to increase serum half-life. Furthermore, a carrier may aid presenting peptides to
T-cells. The carrier may be any switable carrter known to the person skilled i the art, for
example a protein or an antigen presenting cell. A casrier protein could be but 1s not limited
to kevhole limpet hemocyanin, serum proteins such as transferrin, bovine serum albunun,
human serum albumin, thyroglobulin or ovalbumin, immunoglobulins, or hormones, such as
msulin or palmitic acid. For ummunization of humans, the carrier must be a physiologically
acceptable carmier acceptable 1o humans and safe. However, tetanus toxoid and/or diptheria
toxoid are suitable carriers in one embodiment of the invention. Alternatively, the carrier
may be dextrans for example sepharose.

[066136] Combination Therapy

[066157]  In certain embodiments of the invention, methods of the present invention for
clinical aspects are combined with other agents effective in the freatment of
hyperproliferative disease, such as anti-cancer agents. An "anti-cancer” agent is capable of
negatively affecting cancer in a subject, for exaraple, by killing cancer cells, inducing

apoptosis in cancer cells, reducing the growth rate of cancer ceils, reducing the incidence or
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number of metastasas, reducing tumor size, mhibiting tumor growth, reducing the blood
supply to a tumor or cancer cells, promoting an immune response against cancer cells or a
tumor, preventing or inhibiting the progression of cancer, or increasing the lifespan of a
subject with cancer. More generally, these other compositions would be provided in a
combined amount effective to kill or inhibit proliferation of the cell. This process may
mvolve contacting the cancer cells with the expression construct and the agent(s) or
multiple factor(s) at the same time. This may be achieved bv contacting the cell with a
single composition or pharmacological formulation that includes both agents, or by
contacting the cell with two distinet compositions or formulations, at the same time,
wherein one composition includes the expression construct and the other includes the
second agent{s}.

[006158] Tumor cell resistance to chemotherapy and radiotherapy agents represents a
major problenm in clinical oncology. One goal of current cancer research is to find ways to
improve the efficacy of chemo- and radiotherapy by combining it with other therapies. In
the context of the present invention, it is contemplaied that cell therapy could be used
simifarly in conjunction with chemotherapeutic, radiotherapeutic, or immunotherapeutic
mtervention, as well as pro-apoptotic or cell cvcle regulating agents.

[066159]  Alternatively, the present inventive therapy may precede or follow the other
agent treatment by intervals ranging from mimues {o weeks. In embodiments where the
other agent and present invention are applied separately to the mdividual, one would
generally ensure that a significant period of time did not expire between the time of each
delivery, such that the agent and inventive therapy would still be able 1o exert an
advantageously combined effect on the cell. In such instances, il 1s conlemplaled that one
may contact the cell with both modalities within about 12-24 h of each other and, more
preferably, within about 6-12 h of each other. In some situations, it may be desirable to
extend the time period for treatment significantly, however, where several d (2,3, 4, 5, 6 or
7y to several wk (1, 2, 3, 4, 5, 6, 7 or §) lapse between the respective administrations.
[066160] It is expected that the treatment cycles would be repeated as necessary. it also is
contemplated that various standard therapies, as well as surgical intervention, may be
applied in combination with the inventive cell therapy.

[000161]  Chemotherapy
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[066162] Cancer therapies also inchude a variety of combination therapies with both
chemical and radiation based treatments. Combimation chemotherapies include, for
example, abraxane, aliretanine, docetaxel, herceptin, methotrexate, novanirone, zoladex,
cisplatin (CDDP), carboplatin, procarbazine, mechlorethamine, cyclophosphamide,
camptothecin, ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomyein,
davmorubicin, doxorubicin, bleomycm, plicomycin, mitomycin, etoposide (VP16),
tamoxifen, raloxifensg, estrogen receptor binding agents, taxol, gemeitabien, navelbine,
farnesyl-protein tansferase inhibitors, transplatinum, 3-flucrouracil, vineristin, vinblastin
and methotrexate, or any analog or derivative variant of the foregoing and also
combinations thereof.

[0660163] In specific embodiments, chemotherapy for the individual i1s emploved in
conjunction with the invention, for example before, during and/or after administration of the
mvention

[066164]  Radictherapy

[066165]  Other factors that cause DNA damage and have been used extensively include
what are commonly known as  gamma. -rayvs, X-rays, and/or the directed delivery of
radioisotopes to tumor cells. Gther forms of DN A damaging factors are also conternplated
such as microwaves and UV-irradiation. It 1s most likelv that all of these faciors effect a
broad range of damage on DNA, on the precursors of DNA, on the replication and repair of
DNA, and on the assembly and maintenance of chromosomes. Dosage ranges for X-rays
range from daily doses of 56 to 200 roentgens for prolonged pertods of titne (3 to 4 wk), to
single doses of 2000 to 6000 roentgens. Dosage ranges for radinisotopes vary widely, and
depend on the half-life of the isolope, the sirength and type of radiation emitted, and the
uptake by the neoplastic cells.

[038166]  The terms "contacted" and "exposed,” when applied 0 a cell, are used herein to
describe the process by which a therapeutic construct and a chemotherapeutic or
radiotherapeulic agent are delivered to atarget cell or are placed in direct juxtaposition with
the target cell. To achieve cell killing or stasis, both agents are deliveredtoacellma
combined amount effective to kill the cell or prevent it from dividing,

[066167]  Immunotherapy

[000168]  Immunotherapeutics generally rely on the use of imynune effector cells and

maolecules o target and destroy cancer cells. The immune effector may be, for example, an
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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 cells o actually effect cell killing. The
antibody alsoe mav be conjugated to a drug or toxin (chemotherapeutic, radionuchde, ricin A
chain, cholera toxin, pertussis toxin, eic.} and serve merely as a targeting agent.
Alternatively, the effector mav be a lymphocvie carrying a surface molecule that interacts,
either directly or indirectly, with a tumor cell target. Various effector cells include cyiotoxic
T cells and NK cells.

[066169] Immunotherapy other than the inventive therapy described herein could thus be
used as part of a combined therapy, in conjunction with the present cell therapy. The
general approach for combined therapy is discussed below. Generally, the tumor cell must
bear some marker that is amenable to targeting, i e, is not prasent 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 invenlion. Common tumor markers include PI-1, PD-L1, CTLA4,
carcinoembryonic antigen, prostate specific antigen, urinary tumor associated antigen, fatal
antigen, tyrosinase {p97), gp68, TAG-72, HMFG, Sialyl Lewis Antigen, MucA, MucB,
PLAP, estrogen receptor, laminin receptor, erb B and p155.

0081701 Genes

[036171]  In vet another embodiment, the secondary treatment is a gene therapy in which
a therapeutic polynucleotide is administered before, after, or at the same time as the present
mvention clinical embodiments. A variety of expression products are encompassed within
the invention, including mnducers of cellular proliferation, inhibitors of cellular proliferation,
or regilators of programmed cell death.

[008172]  Swrgery

[000173]  Approximately 60% of persons with cancer will indergo surgery of some type,
which includes preventative, diagnostic or staging, curative and palliative surgerv. Curative
surgery is a cancer treatment that mav be used in conjunction with other therapies, such as
the treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene
therapy, inwnunotherapy and/or alternative therapies.

[066174] Curative surgery inchudes resection in which all or part of cancerous tissue is
physically removed, excised, and/or destroyed. Tumor resection refers to physical removal
of at least part of a tumor. In addition fo tumor resection, treatment by surgery includes laser

surgery, cryosurgery, electrosurgery, and miscopically controlied surgery (Mohs' surgery ).
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it is further contemplated that the present mvention may be used in conpunction with
removal of superficial cancers, precancers, or incidenial amounts of normal tissue.

[060175]  Upon excision of part of all of cancerous cells, tissue, or tumor, a cavily may be
formed in the body. Treatment may be accomplished by perfusion, direct injection or local
application of the area with an additional anti-cancer therapy. Such treatment may be
repeated, for example, every 1, 2, 3,4, 5, 6, or 7 days, orevery 1, 2, 3, 4, and 5 weeks or
everv 1,2.3.4,5,6,7, 8,9, 10, 11, or 12 months. These treatments may be of varying
dosages as well.

[0606176]  Other Ageuts

[060177) It is conternplated that other agents may be used in combination with the present
invention to improve the therapeutic etficacy of treatment. These additional agents include
immunomodulatory agents, agents that affect the upregulation of cell surface recepiors and
GAP junctions, cyiostatic and differentiation agents, inhibitors of cell adhesion, or agents
that increase the sensitivity of the hyperproliferative cells to apoptotic inducers.
Immunomodulatory agents include tumor necrosis factor; interferon alpha, beta, and
gamima; [L-2 and other cytokines; F42K and other cytokine analogs; or MIP-1, MIP-1beta,
MCP-1, RANTES, and other chemokines. 1t 15 further contemplated that the upregulation of
cell surface receptors or their igands such as Fas/Fas ligand, DR4 or DR53/TRAIL would
potentiate the apoptotic inducing abililties of the present invention by establishment of an
autocrine or paracrine effect on hyperproliferative cells. Increases imtercelhular signaling by
elevating the number of GAP junctions would increase the anti-hyperproliferative effects on
the neighboring hyperproliferative cell population. In other embodiments, cytostatic or
differentiation agents can be used in combination with the present invention to improve the
anti~hverproliferative efficacy of the treatments. Inhibitors of cell adhesion are
contemplated to improve the efficacy of the present invention. Examples of cell adhesion
inhibitors are focal adhesion kinase (FAKs) mhibitors and Lovastatin. | is further
contermnplated that other agents that increase the sensitivity of a hyperproliferative cell to
apoptosis, such as the antibody ¢225, could be used in combination with the present

invention to improve the treatment efficacy.

EXAMPLES
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(060178 Exampre §: CLONING T CELL RECEPTORS FROM SINGLE TUMOR

ENFILTRATING LYMPHOCYTES (TILS) FOR CANCER IMMUNOTHERAPY

{00179 Phase {: Purification and Sorting of Single CD4 and CDE T cells from Tumors
[0660180] The goal of this phase is to isolate CD4 and CD8 T cells from tumors. The
central idea of this phase is to recover as many CD4 and CD8 TILs as possible.
Identification and cloning of individual CD4 TCRs can provide T cell help against antigens
in tumors. Identification and cloning of individual CD8 TCRs can provide antigen-specific
T cell kithing of tumors.

{68181 Phase 2: Seguencing TCRs RNA from CD4 AND CD8 TiLs

[060182] The goal of this phase is to array and sequence individual CD4 and CDS T cells
from tumors. The central idea is that T cells that proliferate in the tumor are reacting to
antigens present in tumors. At single cell resolution, the T cell receptors that are clonally
amplified are likely to be tumor reactive as compared to individual T cells that might
happen to be present in blood vessels or near a tumor but not reacting against tumor cells.
[066183] We have developed a novel TCR sequencing strategy for single cells. Unlike
current methods, our approach 1s unbiased and does not require complex primer sets against
the variable region:

[008184] TCRo and TCRP vaniable regions will be reverse transcribed using an oligo dT
primer and an MMLY strand switching reverse transcriptase. This enzyvme appends a
universal primer site to the 3’ end of the first strand ¢DNA via the strand switching
mechanism, thus allowing amplification of all TCR ¢BNA molecules using only the
universal primer and a nested seed primer complimentary to the constant region.

[066185] cDNAs will be barcoded during amphification, which enables pooling of
hundreds of cells in a single sequencing reaction and marks TCRa/b reads from individual
cells with the same barcode. Identification of o/ pairing is critical because antigen
recognition depends on the formation of a specific o/} dimer.

[006186]  We will perform Hlumina paired end sequencing with 300 base reads. Hiumina is
the most cost-effective and efficient platform for providing deep coverage of TCR vanable
regions in many cells. However, 1f 300 base reads are insufficiently long to cover the entire
variable region, we will use the Pacific Biosystems platform which produces reads that
average over 10 kilobases in length.

[008187] FPhase 3. Cloning TCRs into Retroviral Fxpression Constructs
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[066188] The goal of this phase 13 to design a universal vector that allows cloning of
recornbinant TCRs nto CD4 and CD8 T cells. These construets allow transduction of T
cells with naturally occurring TCRs or with engineered chimeric antigen receptor (CAR) T
cell receptors specific for tumors.

[066189] The retroviral vector we have chosen for proof of concept is based on the vector
described by Holst et al., which allows stoichiometric expression of TCRuo and TCRf in
multi-cistronic vectors. Fxpression of the single proteins is enabled by the 2A awo-cleaving
signals. We will clone this construct by Gibson assembly. To improve TCR signaling and T
cell proliferation, the variable portion TCRs that recognizes peptide-MHC 1s fused in cis 1o
the fusion chumera CD28/CD3L This CAR design in a T cell receptor contest has not been
previously reported. We anticipate that this context will increase T cells’ cytotoxicity and
proliferation at tumor sites. Chimeric TCRs reduce the chance that recombinant TCRs will
patr with endogenous TCRs expressed in transduced T cells. We will express natural and
chimeric TCRs in both CD4 and CD% T celis.

[066190)  Phase 4. Fx vivo and in vivo festing for Recombinant TCRs

600191}  The goal of this phase 1s to express CD4 and CD38 TCRs cloned from individual
TiLs in T cells. The central idea of this phase is “personalized” TCR therapy against
specific tumors. We anticipate that clonally amplified TCRs react to antigens present in
tumors. The TCRs that amplify in the tumor react against tumor antigens. These will be
tested for activity m an i vitro killing assay. However, it is also possible that TCRs cloned
from TlILs can cross-react with non-tumor (self) antigens. To reduce the chances that TCRs
cloned from TILs cross-react with self (non-tumor) peptides, we will perform an in vitro
killing assay using normal cells {rom the tissue that led to the tumor.

[000192]  In vitro killing assay: T cells will be mixed with 4% 103 tumor cells (lymphoma B
cellsy or normal B cells from genetically matched mice at various effectortarget ratios in U-
bottom 96-well plates, spun at 200 rpm for 2 min before being transferred into incubator.
Afier 4 hr incubation, cultures will be stained with antibodies for CD19 and active Caspase-~
3(BD), and analyzed by FACS. Active Caspase-3 positive CDD19+ cells represent apoptotic
target cells. % specific killing = % apoptotic target cells of cultures with both effectors and
targets - % apoptotic target cells of cultures with targets alone. This assay 15 easier and safer

than traditional chromium release assay and has been well accepted 1 the field.
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[060193] In vivo tumor protection: 1 x 10% tumor cells will be transferred {i.v.) into Rag2-
/-ye~/- mice either alone or together with 1 x 10° T cells. Recipients will be sacrificed on dav
30 after transplantation to examine tumor sizes.

[006194] Examprr 2: CLonNinG T ot RECEPTORS FROM SINGLE INFILTRATING
LYMPHOCYTES FROM AUTGIMMUNE SITES AND TRANSPLANTED ORGANS

[06001958]  Phase ! Purification and Sorting of Single CD4 and CDS8 T cells from

Inflammatory Sites or Transplanted Organs

[066196]  The goal of this phase 18 {0 isolate populations CD4 and CDB T cells from siles
of autoimoune reactivity or from transplanted organs. The central idea of this phase is to
recover as many auto-reactive CD4 and CD8 cells or host CD4 and CD8 cells that infiltrate
the donor organ as possible. Individual TCRs that have clonally amplified in these sites can
identify the relevant TCR sequences that when expressed i suppressor T cells can generate
patient-specific suppression of T cells reacting against antigens in sites of auto-immune
reactivity or transplanted organs.

081971 Phase 2 Sequencing TCRs RNA from CD4 AND CDS Lymphocvies from Auto-

Immune Sites or Transplonted Oreans

[060198] The goal of this phase is to array and sequence individual CD4 and CDE T cells
mfittrating sites of autoimmune reactivity and transplanted organs. The central ideais that T
cells infiltrating these sites react against antigens relevant {o autoimmunity or transplant
rejection. The clonally amplified TCRs react against self peptides or donor peptides and can
be distinguished from random individual T cells that rmght happen to be present in blood
vessels which do not react against self or donor peplides

[066199] We have developed a novel TCR sequencing sirategy for single cells. Unlike
current methods, our approach 1s unbiased and does not require complex primer sets against
the variable region:

(606200 TCRo and TCRP variable regions will be reverse transcribed using an oligo dT
primer and an MMLYV strand swiiching reverse transcriptase. This enzvme appends a
universal primer site o the 37 end of the first strand ¢cDNA via the strand swilching
mechanism, thus allowing amplification of all TCR ¢DNA molecules using only the
universal primer and a nested seed primer complimentary to the constant region.

[006281]  cDNAs will be barcoded during amphification, which enables pooling of

hundreds of cells in a single sequencing reaction and marks TCRa/b reads from individual
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cells with the same barcode. Identification of o/ pairing is critical because antigen
recognition depends on the formation of a specific o/} dimer.

000202  We will perform Humina paired end sequencing with 300 base reads. Hlunmina is
the most cost-effective and efficient platform for providing deep coverage of TCR vanable
regions in many cells. However, if 300 base reads are insufficiently long to cover the entire
variable region, we will use the Pacific Biosystems platform which produces reads that
average over 10 kilobases in length.

008283]  FPhase 3. Cloping TCRS into Retroviral Expression Constructs

[000204] The goal of this phase 1s to design a universal vector that allows cloning of CD4
and CD8 TCRs that were identified from fissues with autoimomune reactive T cells or from
transplanted organs with donor-specific T cells. Sequences from clonally amaplified TCRs
reacting against self peptides or donor peptides will be inserted into constructs that allow
transduction of D4 and CDR T regulatory cells (TREGs) and other imimune inhibitory
cells. Recombinant TCRs can be naturally occurring TCRs or engineered chumeric antigen
receptor (CAR) T cell receptors specific for self or donor antigens. This strategy will enable
personalized TCR imumunotherapy to repress self- or donor-reactive T cells in an antigen
specific fashion.

[0602058] The retroviral vector we have chosen for proof of concept is based on the vector
described by Holst et al., which allows stoichiometric expression of TCRax and TCRB in
multi-cistronic vectors. Expression of the single proteins is enabled by the 2A auto-cleaving
signals. We will clone this construct by Gibson assembly. To improve TCR signaling and T
cell proliferation, the variable portion TCRs that recognizes peptide-MHC 1s fused in cis 1o
the fusion chimera CD28/CD3( This CAR design inn a T cell receptor context has not been
previously reported. We anticipate that this context will increase T cells’ cyvtotoxicity and
profiferation at tumor sites. Chimeric TCRs reduce the chance that recombinant TCRs will
pair with endogenous TCRs expressed in transduced T cells. 'We will express natural and
chimeric TCRs in both CD4 and CD8 T cells.

[008206]  Phase 4; Fx vive and in vive testing for Recombinant TCRs

[060207)  The goal of this phase 1s to express CD4 and CD8 TCRs cloned from individual
T cells infiltrating autoimmune sites or graft rejection sites. The central 1dea of this phase is
“personalize” TCR therapy by reducing function of auto-reactive T cells or host cells

directed agamst graft antigens. We anticipate that clonally amplified TCRs that react agaist
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self or donor antigens can be ectopically expressed in immune suppressor cells such as
TREGs, induced TREG ('TREGs), and T follicular regudatory cells {TFR}. These T cells
will be tested for suppressor activity in an in vitro assay and i vivo in mouse models of
cartilage-induced autoimmunity. To demonstrate antigen specific suppression by Treg
expressing recombinant TCRs, antigen presenting cells {APC, prepared from spleens) will
be incubated with synovial tissue lysate to load APC with peptides. Activated T cells
isolated from synovial tissue will be incubated with Treg expressing recombinant TCRs
which are expected suppress activated T cells.

[066268] We will express natural and chimeric TCRs in CD4 Treg, CD8 Treg, and in Ty
[000209]  We will express natural and chimeric TCRs in iTregs. This will be accomplished
by expressing either FOXP3 and/or Helios in CD4 and CD3 effector cells.

[066218]  We will perform i vitro TREG suppression assay using a protocol in which
suppression of anti-CD3/CD28 activated T cell will be incubated with TREG expressing
recombinant TCR and measuring the level of activated T cell proliferation.

[066211] Ablthough Tregs can suppress imivine responses in an antigen-non-specific
fashion, Tregs suppress ~1000 fold more efficiently in an antigen-specific fashion. Thus, the
Treg suppression assay will deternune sensitivity of antigen-specific Treg~-mediated
suppression. The OT-II TCR transgenic system will be used as a proof-of-concept for the
efficiency of antigen-specific Treg suppression. In this system, using OT-H-peptide coated
APC in vitro, we will measure the level of suppression by polyclonal Treg and compare this
level to the level of suppression by Tregs expressing the OT-H TCR.

[006212] EXAMPLE 3: GENERAL TCR CLONING STRATEGY

[066213]  Choice of the vecior

[000214] A retroviral vector was chosen because of the existence of a publication (Holst ¢f
ai., 2006}, which focused on the expression of TCR-¢ and TCR-f. The authors use a single
vector to express simultaneously both TCR chains. This expression system presents some
advantages: {1} the system works with any mouse sitrain and it was already applied o test
TCRs in vivo, {2) tt 18 faster (6 weeks vs. & months) than making transgenic mice; (3) he
expression of TCR-o and TCR-J 1s stoichiometric; (4) the vectors are available at Addgene.
Dhsadvantages of the system include: (1) the 2A tag remains on the C-terminus of the

protein located upstream of its sequence. Nevertheless, the authors do not observe
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alterations in the TCR s expression or function and (2) T cells develop in adult mice with a
memory-hike phenotype.
[000215] The publication 1s connected to two different constructs in the Addgene
database: murine TCR OTI-2A pMIG 1 (#52111) and murine TCR OTH-2A pMIG I}
#52112) and the former will be used as scaffold. In particular, in order 1o respect the
correct positioning of the elements (o be included the ORF2 contaiming Vignah's TCRs will
be completely substituted by our construct (figure 1 and 2). (Holster /., 2006}
[660216] Finally, the Vignali groups reports that “because retroviruses are known to
recornbine vector sequences that contain duplications of homwologous regions ... different
2A peptide sequences with silent mutations were used within the constructs containing three
or four 2A peptide-linked cistrons™. Therefore, the same design was reproduced at the
plasmid level (Szvmezak er /., 2004): the o and the P chains share the CD28:CD3( co-
stimulatory domain sequences. o reduce the chances of recombination, the nucleotides that
codify for the CD28:CD3{ on the TCRP were manually chosen to generate a fragment the
most possible diverse from the one that codifies for the same residues on the TCRo chain.
660217} To perform the expression of four different proteins through a multi-cisironie
vector it 15 required the use of maximum three different awtocleaving 2A sequences. Kim
and coworkers compare fouwr different cleaning signals which seem to have different
cleaving efficiency. Among the four presented, P2ZA, T2 A and E2A are the most active
{Kimetal, 2011).
[066218]  Vecior Tempioie Design

[066219] Plasmud #52111 translated sequence (frame 2) was compared with the sequences
found in the IMGT database. The correct expression of TCRa and TCR chain was ensured
by using the elements shown 1o Table 1. This design will be used as template for the
construction of our vector. All the sequences that are used as template are compatible to

our host (C37BL/6 x BALB/OF 1 mouse (hiip./www imgt org/vauest/relsegh himl).

[06622¢]  Table 1 - Desoription of the compenents that form the vecter used by
Vignall and cowovkers (Holst of of , JBG8).

Segment Length Aming-acid sequence

TCRa - L 28 MDKILTASFLLLCLHLAGVNGQQOEKRD

GOOVRGSPOSLTVWEGETAILNCS Y EDSTFNY FPW Y QUEPGEG
TCRa -V 93 PALLISIRS VSDKREDGRITIFFNKREKKLSLATTDSOPGDSATYT
CALS
TCRu - J 17 DNYOLIWGSGTKLIKP
TCRo - 135 DIONPEFAVYQLKDPRSODSTLCLF THFDSQINYPR TMESGTEIT
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DEKTVLDMEAMDSKSNGATAWSNQTSFTCQDIFKETNATYPSSD
VPCDATLTEKSFETDMNLNFONLSVMGLRIELLKVAGFNLLMT

LRLW
SPACER 3 GSG
P2A i9 ATNFSLLKOQAGDVEENP(HP
TCRE-L 29 MENTVLADSAWGITLLSWYVTVFLLGISSA
DSGVVOSPRHIKEK GGRSVLTCIPISGHSNVVWY QQTLGKELK
TCRE -V 94 FLIGHYEKVERDKGFLPSRFSVOQOQFDDYHSEMNMSALELEDSA
MYFCASS
TCR3-D 2 RA (deduced - not in IMGT)
TCRE -1 15 NYEQYFGPGTRLTVL

EDLRNVTPPKVSLFEPSKARIANKQKATLVCLARGFFPDHVELS

WWVNGKEVHSGVSTDPQAYKESNYSY CLSSRLRVSATFWEINP

TCRE-C 173 RNHFRCOVQFHGLSEEDKWPEGSPKFVTONISAEAWGRADICGE

TSASYHQGVLSATILYEILLGKATLYAVLVSGLVLMAMVEKKN
S E3

[000221]  Elements to be included in the yector

The vector will include the following entities in the following order (See, Figure 3):
~ LV Ha28:30
- (GSGP2A
- {LVDIB:28:3(
- (GSG)T2A
- 4-iBBL
- (HELIOS)
- ({(GSGIEZA)
- (FOXP3)

[086222]  Template sequences

(6602231 The Sadelain group reports the sequences of CD28 and D3 used to clone a
human chimeric TCR in a recent publication {(Maher ef /., 2002). To define the
homologous regions of these proteins in mouse the sequences were aligned with the help of

a standard alignment tool (blast? fitps:/blast nebinlmunib gov)). The seed sequences are

shown below in the FASTA format. The homologous regions were used for the constructs.
[066224]  The part to be described in the literature 1s highlighted in vellow and the parts
that will be cloned are highlighted in green (Maher er @/, 2002; Sadelain er ¢/, 2004).
Unfortunately, the majority of the publications do not include a detailed description of the
chimeric protein, therefore, no more recent publication could be used as reference.
[060225] CD28 mouse (UniProtkB - P31041)

[066226] Human template

(660227}  >splP10747|CD28 HUMAN T-cell-specific surface glycoprotein CD28
O5=Homo sapiens GN=CD28 PE=1 §V=]
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(066228 MLRLLEAINLFPSIQVTGNRILVREQSPMLVAYDNAVNLSCKYSYNLFSR
EFRASLHKGLDSAVEVCVVYOGNYSQQLOVYSKTOGFNCDGRLGNESVTFYLOQNLYV
NOTDIYFCKIEVMYPPPY LDNEKSNGTHHVEKGKHLCPSPLFPGPSKPFWYVLVVVGG
VLEACYSLLVTVAFHFWYVRSKRSRLLHSDYMNMTPRRPGPTRKHYPYAPPRDFAA
YRS

[666229] Mouse analog (106 aa)

>spiP31041CD28 MOUSE T-cell-specific surface glycoprotein CD28 OS=Mus musculus
GN={d28 PE=2 SV=2

[066230] MTLRLLFLALNFFSVOVTENKILVEQASPLLVVDSNEVSLSCRYSYNLLAK
EFRASLYKGVYNSDVEVCVGNGNFTYQPOFRSNAEFNCDGDFDNETVTFRLWNLREY
NHTDIYFCKIEFMYPPPYLDNERSNGTHHIKEKHLCHTQSSPKLFWALYVVVAGVLE
CYGLLVTVALCVIWTNSRERNRLLOSDYMNMTPRRPGLTREPYQPYAPARDFAAYR
p

[066231]  CD3{ mouse {(UniProtkKB - P24161-1)

[066232] Human template

6002331 >splP20963|CD3Z HUMAN T-cell surface glveoprotein CD3 zeta chain
(OS=Homo sapiens GN=CD247 PE=1 SV=2

088234 MEKWEKALFTAATLQAQLPITEAQSFGLLDPIICYLLDGILFIYGVILTALFL
RVKFSRSADAPAYQOQGONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRREN
POEGLYNELOKDKMAEAYSEIGMEGERRRGRGHDGLY QGLSTATRDTYDALHMG
ALPPR

[006235] Mouse analog (113 aa)

[0600236]  >spiP24161CD3Z MOUSE T-cell surface glycoprotein CD3 zeta chain
O8=Mus musculus GN=Cd247 PE=1 §V=|

0002377 MEKWKVSVLACILHVRFPGAEAQSFGLLDPKLCYLLDGILFIYGVIITALY
LRAKFSRSAETAANLQDPNQLYNEENLGRREEYDVLEKKRARDPEMGGKOQQRRR
NPOQEGVYNALQKDKMARAYSEIGTRGERRRGRGHDGLYQGLSTATRDTYDALHM
QTLAPR

[060238] The following sequences will be cloned completely

[006239]  4-1BB ligandmeouse (UniProtkB - P23334)
[060240] Mouse teroplate (256 aa)
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(0660241} >sp/P20334|TNRS MOUSE Tumor necrosis factor receptor superfammly
mermber 9 O8=Mus musculus GN=TnofrstY PE=] 8V=]

[066242] MONNCYNVVVIVLLLVGCEKVGAVONSCDNCQPGTFCRKYNPYCKSCP
PSTFSSIGGOPNCNICRVCAGYFRFKKFUSSTHNAECECIEGFHULGPQCTRCEKDCR
PGQELTKQGUKTCSLGTINDOQNGTGVCRPWTNCSLDGRSVLKTGTTEKDYVCGPP
VVSFSPSTTISVTPEGGPGGHSLOVETLFLALTSALLLALIFITLLFS VLK WIRKKFPHI
FROPFKKTTGAAQEEDACSCRCPOEEEGGGGGYEL

[000243] HELIOS mouse (UniProtKB - P81183-1)

[0866244] Mouse template (526 aa)

[060245]  >spiPRIIB3|IKAF2Z MOUSE Zinc finger protein Helios OS=Mus musculus
GN=ikz{2 PE=1 §V=2

086246 METDAIDGYITCDNELSPEGEHANMAIDLTSSTPNGOHASPSHMTSTNS Y
KLEMOSDEECDROPLSREDEIRGHDEGSSLEEPLIESSEVADNREKVODLQGEGGIRL
PNGRLKCDYCGMVCIGPNVLMVHKRSHTGERPFHUNQCGASFTOKGNLERBIKLH
SGEKPFEKCPFCSYACRRRDALUTGHLRTHSVGKPHKCNY CGRSYKQRSSLEEHKERC
HNYLONVSMEAAGQVMSHHVPPMEDCKEQEPIMDNNISLVPFERPAVIEKLTANM
GERKSSTPORFYVGERLMRFSYPDIHFDMNLTYEKEAFLMQSHMMDOQAINNAITYL
GAFALHPLMGHAPSTIAEVAPVISSAYSQVYHPNRIERPISRETSDSHENNMDGPISLI
RPKSRPOEREASPSENSCLDSTRSESSHDDRQOSYQGNPALNPKRKOQSPAYMKEDRDVKA
LDATKAPKGSLEDIYRVENGEGEQIRAFKCEHCRVLFLDHVMYTIHMGCHGYRDP
LECNICGYRSQDRYEFSSHIVRGEHTFH

[060247] OXP3 _mouse (UniProtKB - Q%9JB6)

[066248] Mouse template (429 aa)

[000249]  >splQ90IBGFOXP3 MOUSE Forkhead box protein P3 OS=Mus musculus
GN=Foxp3 PE=1 §V=1

[006230] MPNPRPAKPMAPSLALGPSPGVIPSWKTAPKGSELLGTRGSGGPFQGRD
LRSGAHTSSSLNPLPPSQLOQLPTVPLVMVAPSGARLGPSPHLOQALLQDRPHEFMHOQLS
TVDAHAQTPVLOVRPLDNPAMISLPPPSAATGVFSLKARPGLPPGINVASLEWVSRE
PALLCTFPRSGTPREKDSNLLAAPQGSYPLLANGYVCKWPGCEKVFEEPEFFLKHC QA
DHLLDEKGRAQCLLOREVVOSLEQQLELEKEKLGAMOQAHLAGKMALAKAPSVAS
MDKSSCCIVATSTQGSVLPAWSAPREAPDGGLFAVRRBLWGSHGNSSFPEFFHNM
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DYFRKYHMNMRPPFTYATLIRWAILEAPERQRTLNEIYHWFTRMFAYFRNHPATWKN
AIRHNLSLHKCFVRVESEKGAVWTVDEFEFREKKRSQRPNKCSNPCP

[060251]  Documented 2A autocleaving sequences

Name | Length | Sequence
p2A 2 aa | GSG ATNFSLLKQAGDVEENPGP

T2A 21 aa GSG RGSLLTCGDVEENPGP
EZA 23 aa GSG QCTNYALLKLAGDVESNPGP

[066252] EXAaMPLE 4: TCR CLONING CONTROL
[036253]  Description of Vignali’s murine TCR OTi-2A.pMIEG 1] (Plasrmd #8211 1)
[080254]  vavied-

Segment Length Aming-acid sequence
TCRa-L 28 R ]
— ‘%’\\*““Q“?’s‘l“«“&‘t\‘\QWQ\‘S‘\“Q‘Q\I\‘\‘\\‘@\\?“\Q\“&‘\*&‘Q‘@

23

TCRa -V 93

R
TCRa - | 17 DR
§I QNPEPAVYQLKDPRSQDSTLCLFTDFDSQINVPK TMESGTFIT
TCRa - C 135 DETVLDMEAMDSKSNGAIAWSNQTSFTCQDIFKETNATYPSSD
- VPCDATLTEKSFETDMNLNFONLSVMGLRILLLEVAGFNLLMT
LRLW

:\\ NN
TCRB-L 29

N
S T T e

o

TCRE -V 94

TCRB-D 2 Bli(Geduced — not in IMGT)
TCRB -1 i3 TR
EDLRNVTPPK VSLFEPSKAFIANKQKATLVCLARGFFPDHVELS
WWVNGKEVHSGVSTDPQAYKESNYSY CLESRLRVSATFWHNP
TCRB-C 173 BNAFRCQVOFHGLSEEDKWPBGSPKPVTQNISAEAWGRADCGT

[080255]  Table d -

Sepment | Length Aming-acid sequence

TCRa - L 2 MDKILTASFLLLGLHULAGYNGQQOQEKRD
TCRo -V 93 QQOVROSPOS . DSATYFCAAR
TCRa -J 16 GNRIFFODGTOQLYVKP

TCRo - C 136 NIQNPEPAVY . NLLMTLRLWS
SPACER 3 GSG

PIA 19 ATNFSLLKQAGDVEENPGIP

TCRS - L 29 MSNTAFPDPAWNTTLLSWYVALFLLGTSSA
TCRB -V 95 MNSOVVQEPRYIL.. SAVYFCASSL
TCRB -D 3 GGE (deduced - not in IMGT)

TCRB -1 16 SONTLYFGAGTRLSVL
TCRE-C 173 EDLRNVTPPK ... LMAMVERKNS*
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Sepment | Length Aming-gcid seguence New/Gld
MKIL T ABFLLLOL AL AGYNGEOORE B OO VRIS POSL T VW RGE T ALNC Y BDS TEN
alVY 139 YFPWYQOQFPGEGPALLISIRS VSDKKEDGRFTIFF NKREKKLSLHITDSOPGDSATYFCAAS Old
DNVOLIWGSGTKLITKPD
CEIEIMY PEF YL DMER MG THHIR DR IL CHTOBSPE LW AL VY VA GYLICYOLL VT VAL C
287 VIWTNSRRNRLLOSDY MNMIPRRPGLTRKPYOQPY APARDFAAYRPRAKFSRSAETAANL
241 IDPNOLYNELNLGRREEYDVLEKKRARDPEMGGKOORRRNPOEGVY NALOKDEKMAEA Mew
P2a YSEIGTK GERRRGKGHDGLYOGLSTATRDTYDALHMOTLAPRGSGATNESLLKOAGDY
MSNTVLADSAWGITLLSW VIVEFLLGTSSAD SOV VOSPRINIKER GORSVLT CIPISGIISNY
BLVBJ 140 VWYQOTLGKELKFLIGHYEE VERDKGFLPSRFSVOOF DD Y HSEMNMSALELEDS AMYF Old
CASSRANYEQYFGPGTRLTVL
CRIEFMYPPPYLDNERSNG THHIK EKHL CHTOS SPREFWALVYVAGVLFCYGLLVIVALC
VIWTNSRRNRLLOSDYMNMTPRRPGLTREPYOPY APARDEAAYRPRAKFSRSARTAANL
28 ODPNQLY NELNLGRREEYDVLEKKR ARDPEMGGKOORRRNPOEGVYNALOK DK MAEA
. YSEIGTRGERRRGKGHDGL Y QGLSTATKDTYDALHMOTLAPRSS GEGR GSLLTCGDVES
5 496 NPGEMGNNCY NYYVIVLLLY GCEK VGAVONSCDNCQPGTECRKYNPVCKSCPPSTFSSE New
T2a GOOPNONICRYVCAGYFRFKKPCSSTHN ABCECIEGFHCLGPOUTRCEK DCRPGOELTKQ
41BBL CKTCSLGTENDONGTGVCRPWINCSLDGRS VLK TGTTEKDVVCGERVVSESPSTTISVTP
BGGPGGHSLOVLTLFLALTSALLLALIFITLLFS VEKWIRK KFPRIFKQPFKK TTGA AQEED
ACSCRC "’() TEEGGGGGYERL*

Buﬂi constrnet

HLAGVNGOOOEKRDOOOVROSFOSL TV W
; /A.Amwo: IWGSTGTKLIKPDCKIEEMY

Y QOFPGEGPALLE
X HTOSSPELEWALVVVAGVLEC v B
KEYQPYAPARDFAAYT AANLQDE'NQ JLGRREEYDVLEKKRARDE EM(‘UKQQRKE\

RRGKGHDGLYOQGLETAT IMQTLA { LEKQAGDVEENPGEMENTVLADSAWGIT
LLSW V TVFLLUT SAD”»GV \/ Qb R}'IL FKGGREVLTCIPISGHENVVWYQOQTLGKEL KI'LAQ' Y EKVERDEGFLPSRFRVQOQFDDYHSEMNMSALELED
SAMYFCASSRANYEQYF ﬁ(EP(}TQI,m KIEFMYPPPYLDNERSNGTHHIKEKHLCHTQSSPRKLFWALVYVAGYLFCYGLLVTVALCVIWTNSRRN
SDYMNMIPRRPGLTRKPYQPYAPARDFAAYRPRAKFERSAETAANLODPNQLYNELNLGRREEYDVLEKKRARDPEMGGKQORRRNPQEGYYNALQ
KDKMAEAY SEIGTRGERRRGKGHDGLYQGLSTATKDTYDALHMOQTLAPRGEGEGRGSLLTCGDVEENPGEMGNNCY NV VVIVLLLVGCEKVGAVON
SCDNCOPGTE KYNPYCKSCPE FSSI()GQPNCPVI(,R‘V(, AGYFPRFKKFCSSTHNAECECIEGFECLGPOQCTR: (DCRPGOELTKQGCKTCELGTFNDG
NGIGVCRPWIN DGRESVLKTGYTER DVYVCGPPYVSERPETIISVTEPEGGEGUHSLO VL TLFLALTSAL LLALI TLLES VLK WIRKKFPHIFK QKK
TGAAQEEDACSCRCPQEEREGGGGGYE L

Nucleptides chosen to be part of the most diverse CD28:CD3T region

TETAAGATCGAGTY TATOTATCCACCACCATACCTCGATAACGAALGUTCCAATGGAACCATC ATACATATCAAAGAGAAGCATCTCTGLCATACACAATCCTCCCCTAAATTGTT
CTGEGCCCTGGTTGTCETGGCLGGAGTCCTCTT T TGCTACGGCTTGCTCGTCACCOTRGCCCTCTGTOTGATT TGGACAAATAGLCGGLGLAALCGGTTGTYGCAAAGTGALTAT
ATGAATATGALCCCAAGACGCOLTGGGUTCACCAGAAAGLCTTATCAACCGTATGUTCCCELLCGLGATTITGLLGCTTATAGG CLAAGGGCTAAATICAGLAGATICGCTGARA
CAGCCGUTAACTYGCAAGATCCTAACCAATTGTACAATGAATTGAALCTCGGUCGGUGUGAAGAATACGATGTCITGGARAAGAAAAGAGCCAGGGACCCTGAGATOGGAGG
CAAGCAACAGAGAAGALGLAATCCCCAAGAGGGGGTGTATAACGICTTGLAGAAGGACASGATEGLTGAAGLLTATAGTGAAATTGGAACAAAAGGLGAALGGAGGAGAG
GCAAAGGLCACGACGGACTCTATCAAGGATYTGTCAACCGCAACAAAAGACACATATG ATGUACTCCATATGLAGALCCTGGCACCGLGGRGAAGLGGL

[0006257F  sRlocks & Primens

[006258]

s o . P P SR ft A A ERY
{hitos Vwweadidna comyCodon Ot
05 - AN27 - gBLOCKT. - CCTCCCTTTATCCAGCLCTCA CTTCTCTAGGCGCCGGAATTCAGATCT, GATAAGATACTGACCGCAAGCTTTCTG GGEEACTS
aP2A CACCTGGCCGGLGTGAATGETCAACAGCAGG AAAAGAGAGATCAACAGCAGGTTCGGCAGTCACCACAATCACTGACAGTTTGGGAGGGAGA

AACCGCTATTTTGAACTGCTCATATGAGGATTCCACTTTCAA (_TAT?TCCC(_TGGTACCAA AGTTCCCLGGAGAGGGA
CATACGGAGTH CCGATAAAAAGGAGGACGORCAGGTTCACCATCTTT SGACTCC
CAGCCT GG\,CAT'CAFC"'AC"TA"TT” GTGCCGCCTCAGACAACTACCAGT CA i CTCG\JCATLAG\,CALCAAAL i GA i nTCAf'\CCka: ATTG
TAAGATCGAGTITATGTATCCACCACCATALCTCOATAACGAACGCTCLAATGGAACCATCATACATATCAAAGAGAAGCATCTCTGLCATACA
AT YOO T AAATT G T TG GG UCCT G R TYG TG TR GCCGGAGTCCTCTIV TG CTACO GCTY GCTCATLACCGTGGCCCTCTGTGTGATITG
GACAAATAGLLGGCGCAALTGGTTGTTGCAAAGTGACTATATGAATATGACCCCAAGACGLLCTGGGLTCACCAGAAAGTCTTATCAALCGT
ATGLICCCGLCLGCGATTITTGLCGCTTATAGGLCAAGGGCT A ATTCAGCAGATCCE CTGAAACAGOLGCTAALTIGUAAGATCCTAALCAATT
GTACAATGAATTGAALCTCGGCLGGCOCGAAGAATACGATOTCTTGGAAAAGAAAAGAGLLAGGGACCCTGAGATGGRAGGLAAGCAALCA
GAGAAGACGCAATCCCCAAGAGGGGRTGTATAALGLCTTGCAGAAGGALAAGATGGLTGAAGLLTATAGTGAAATTGGAACARABGGLGA
ACGGAGGAGAGGLAAAGGCLATGALGRACTCTATCAAGGATTG TCAACCGLAACAAAAGACACATATGATGCACTCCATATO CAGACCCTG
GLACCGCGGGGAAGCGGCGCTACCAATTTTTCCCTGCTGAAGCAAGCCGGCGACGTGGAAGAGAATCCTGGCCCAATGAGTAACACTGTTCTG

CCCGCCTTGCTGATTTC
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GETGACAGCGCCTGGEGCATTACTCTTCTGTCCTGGGTCACCGTATTCTTGCTGGGCACATCTAGTGLCGACTCTGGGGTGATTCAGTCLCCALG
\CATCATCAAGGAAAAGHE GCAGGCGAAGCGTCCTCACCTGTATTCCAATTAL [k AACGTCGTGETOGTACCAACAGACTTIGGGA

A A
AAGGAACTTAAATTTCTGATACAGCACTATGAGAAGG TAGAGAGAGACAAGGGLTTTCTCCCTTCTAGGTTITCCETGCAACAGT TCRACGATTA
TCACTCAGAGATGAACATGAGCECACTGGAGCTGGAAGACTCTGLCATETACTTT CATCAAGTAGAGCTAATTACGAGCAATACTTCGGA
CCTGGOACACGCCTTACCGTCCTCTGCAAAATAGAATTCATG TACCCTCCGLCTTATTTGGAT AACGAGAGG AR TAACGGCACAATTATCCACATY
AAGGAAAAACACCTGTGTCACACCCAGAGTAGCCCCAAGCTGTTTTGGGCACTTGTGG

05k - AN28 - gBLOCK? -
BT2442881

COTGTETCACACCCAGAGTAGCCCCAAGCTGTITIGGGCACTIGTGGTGGTCOCAGGCGTGCTGTICTGTTATGGGCTGTTGGTGACGGTTGCAL
TETGCETAATCTGEACCAACTCTAGAAGGAATAGACTGCTCCAGTCCUATTACATGAACATSALT (3¢ SACTGACTCGCAAALT
GTACCAGCCCTACGCCCCTGCTAGAGACT TCOCAGCCYACCGCCLCCGCGLCAAGTTTTCACGCAGT GCCGAGACTGCTGCCAATCTGCAGG ACC
CCAATCAGCTCTATAACGAGCTTAATCTGG GAAGAAGGGAGGAGTATGACGTGLTTGAGAAAAAG LG GGTTCGCEATCCAGAAATGGGIGEE
AAACAGEAACGGCGCAGGAACCLT GAAGGCGTTTACAATGCTCTTCAAAAAGATAAAAT GGCCCAGGCATACTCCCAGATCGGCACCAAG
GGAGAGAGAAGACGGGGAAAGGGACATGATGGCTTGTACCAGGG GUTCAGCACAGCTACCAAGGATACCTACGACGCTCTGCACATGCAAAL
ACTCECTCCCAGAGGETCAGGGGAAGGLCGGGEAAGTITGCTCACATG TGGCGACGTGCAGGAGAATCCCGGGCCCATG GG TAATAALTGLT
ATAACGTGGTCGTGATCATCTTACTGLTCETAGGATETGAG AAGGTGGGAGCTGTECAGAACAGTTGCCGACAACTETCAACCTGGTALTTTITIG
CCGGAAATACAACCCCGTCTGCAAGAGTTGTCCTCCAAGTACATTTTCATCTATCG GG GGCCAGCCTAALT CTGCAGGGTGTGTGL
SETATTTCCGCTTTAAGAAGTTTTGTTCCTCAACACACAACGCTGAGTE COAGTETATCGAG TTCCATTGTCTGGGGCCICAGTGCACTAL
TGCGAGAAGOATTGTCECCCAGGGCAAGAACTCACAAAGCAGGGCTGTAAGACGTATTCTTTGGGCACCTYCAATOATCAGAACGGA G0
GTCTGCCCACCTTGRACCAACTGTAGTCTCGATGGGLGCTCTETGCTCAAGACAGGIACGACCGAGAAAGACGTGGTGTGTGGACCACTTETG
GTTTCCTYCTCCCCTTCTACAACCATTTCCAT TACCCCTGAAGGAGG GCCCAGCAGGCCACTCTCTGCAAGTGCTCACTCTGTTTTTGGCCCTCALCA
GTGCTCTGTTGCTCGLCCTGATCTTCATCACACTGCTGTTCAGTGTECTGAAGT GGATCAGAAAGAAGTTCCCACATATCTTCAAGCAALCTTTCA
AAAAGACCACGGGAGCAGICCAGGAGGAGGACGCTTGTTCATGCAGATGCCCICAGGAGGAAGAGGGAGGTGGCGETGGATATGAATTGTAA
GOATCCCANTTGCTCOAGGATCAATTCCACCCCTCTCCCTEC

05¢ - AN23 - gBLOCKS -
282P2A

TGTAAGATCOAGTTTATGTATCCACCACCATACCTOGATAALG AACGCTCCAATGGAACCATCATACATATCAAAGAGAAGTATCTCTGLCATA
CACAATCCTCCCCTAAATTGTTCTGGGLCCTGGTTG TCG TG GCCAGAGTCCTUTTT IGCTACGGCTTGUTCOTCACIGTGGLCCTCTGTGTGATTT
GGACAAATAGCLGGCGCAACCGGTTGTTGCAAAGTGACTATATGAATATGACCCCAAGACGCCLTGGGLTCACCAGAABGTCTTATCAALCE
TATGCTLCCGLCCGCGATTTTGCORCTTATAGGUCAAGGGLTAAATTCAGCAGATCLGCTGAAACAGLLGCTAACTY GCAAGATCCTAACCAAT
TGTACAATGAATTGAACCTUGGLIGGLGLGAAGAATACGATOTCTTGGAAAAGAAAAGAGLCAGGGACLUTGAGATGGGAGGCAAGCAAL
AGAGAAGACGCAATLCCCAAGAGGGGGTGTATAACGLCTIGCAGAAGGACAAGATEGCTGAAGCCTATAGTGALATTGGAALAALAGGCG
AACGGAGGAGAGGLAAAGGCLACGALGGACTCTATCAAGGATTOTCAACCGLAACAAAAGATACATATGATGCACTCCATATOCAGALCCTY
GGECACLGUGGGEAAGLGGLGCTACCAATTTTTCLCTGCTGAAGCAAGCCEGGCGACGTGGAAGAGAATCCTGGLLCA

G6a - AN30 - GikVec RY -
PREInsert

GOTAGATCTGAATTCCGGCGLCTAGAGAAGG

POSTinsert

C6h - AN31L - GibVec FW -

GGATCCCAATTGCTCGAGGATCAATTCCG

G6c - AN32 - GibVecFW -
{atePOSTinsart

TECAAAATAGAATTCATCTACCCTCCGCCTTATTIGE

073 - AN33 - SEQP_1

CCTCCRCCTCCTCITCCTCCATU

SEQP 2

CTGCCATACACAA

S SEQP 3

CTGAAGCAAGC

(7d - AN36 - SEQOP 4

G

C7e - AN3T - SEGE 5

C
07f- AN3R - SEQP &

GCAACCTTTCAAAAAGACCACGGGAGT

OTHER EMBODIMENTS

[066259]  While the invention has been described in conjunction with the detatled

description thereof, the foregoing description is intended to ilustrate and not lirnit the scope

of the invention, which is defined by the scope of the appended claims. Other aspects,

advantages, and modifications are within the scope of the following claims.
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We Claim:
1. A chimeric antigen receptor (CAR) for use in trealing a subject in need thereof
comprising an intracetivlar signaling domain, a transmembrane domain and an
extraceliular domain comprising 1) the variable region of a T-cell receptor specific fora
tumor-associated antigen or i) the variable region of a T-cell receptor specific for aself
antigen, wherein said T-cell receptor is derived from a T-lvrophocvie obtained from said
subject.

2. The CAR of claim 1, wherein the {ransmembrane domain further comprises a stalk

region positioned between the extracellular domain and the transmembrane domain,

3. The CAR of claim |, wherein the transmembrane domain comprises CD28,
4. The CAR of claim 1, further comprising one or more additional costinmilatory

molecules positioned between the transmembrane domain and the intracellular signaling
domain

5. The CAR of claim 4, wherein the costimulatory molecules is C[328, 4-1BRB, 4-1BBL
HCOS, or GX40.

6. The CAR of claim 1, wherewn the mtracellular signaling domain comprises a CD3

zeta chain.

7. A nucleic acid encoding the CAR of any one of the preceding claims.
8. A vector comprising the nucleic acid claim 7.

9. A cell comprising the vector of claim 8,

10. The cell of claim 9, wherein the cell is a1 cell.

1l The cell of claim 10, wherein the T-cell is a CD4" T-cell and/or CD8Y T-cell.

12. The cell of claim 10, wherein the T-cell 15 2 T regulatory cell (Treg) or a T {ollicular
regulatory cell (TFR).

13, A genetically engineered cell which expresses and bears on the cell surface
membrane the chimeric antigen receptor of any one of claims 1-6.

14. The cell of claim 13, wherein the cell 15 a T cell.

15. The cell of claim 14, wherein the T-cell is a CD4' or CD8Y T-cell.

16. The cell of claim 14, wherein the T-cell is a T regulatory cell {Treg) or a T follicular
regulatory cell (TFR).

17. A pharmaceutical composition comprising a population of the genetically

engineered cell of any one of claims 13 -16.
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18. A method of treating cancer in a subject in need thereof comprising administering
the composition of claim 17, wherein the extracellular domain of the CAR 13 a variable
region of a T-~cell receptor specific for a tumor-associated antigen denved from the subject.
9. A method of treating or preventing an autoimmune disorder in a subject in need
thereof comprising administering the composition of claim 17, wherein the extraceilular
domain of the CAR 1s a vanable region of a T-cell receptor specific for a self antigen
derived from the subject.
24 A method of trealing or preventing graft rejection in a subject in need thereof
comprising admunistering the composition of claim 17, wherein the extraceliular domain of
the CAR 1s a varable region of a T-cell receptor specific for a self antigen derived from the
graft tissue.
21 A method of isolating a subject specific neoantigen comprising:

a) tsolating a plurality of class T and class H MHC peptides from a population of
cells obtained from said subject;

b) contacting the plurality of peptide 1solated from step (a} with a T-cell receptor
{TCR) multimer, wherein said TCR was isolated from a single T-cell 1solated {rom said
subject to form an TCR multimer-MHC peptide complex;

¢) 1solating the MHC peptide from said complex.
22. The method of claim 21, further comprising sequencing said isolated MHC peptide

to identify sard peplide.

23. The method of claim 21, wherein said isolation of the plurality of peptide 1s
imnumochemically.
24, The method of claim 21, wherein said T-cell 1s a tumor infilirating lvmphocyie,

lvmphocyte isolated from a transplanted organ or a lymphocyte isolated from an

autormmune site.

25. A neoantigenic peptide identified by the method of claim 22
26. A vaccine composition comprising the peptide identified in the method of claim 22.
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FIGURE 7.
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FIGURE 10.
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FIGURE 11
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