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CD28 T CELL CULTURES, COMPOSITIONS, AND METHODS OF USING THERECF

BACKGROUND
[6001] 1. Feld

[0002] The present disclosure provides for methods of improving the efficacy of T cells.
in an aspect, the disclosure further provides for methods of enhancing and predicting final
fold expansion, ratio of CD8:CD4 T cells, the relative final telomere length, and clonal
richness of the T-celf product. The disclosure also provides for methods of treating cancer
in a subject in need thereof as well as T cells populations produced by methods described
herein.

[0003] 2. Background

[0004] Immunotherapy has emerged as a highly promising approach for freating cancer.
immunotherapy can be subdivided into cellular therapies and small molecule/antibodies
therapies. Within the cellular therapy space, chimeric antigen receptor T {CAR-T) cell
therapies have shown strong clinical efficacy in liquid tumors, while T-cell receptor T (TCR-
T) cell-based therapies have shown promising early resulls in various sofid tumor
indications. The efficacy of the clinical products may be driven by thelr in vivo

characlernistics, which may be largely imprinted during the ex vivo manufacturing process.

[0005] US 8,383,099 describes a method of promoting regression of a cancerin a
subyect by, for example, by culturing autclogous T cells; expanding the cultured T cells
using OKT3 antibody, IL-2, and feeder lymphocyles.

[0006] US 9,074,185 describes a method of generating a T cell infusion product for
promoting regression of a cancer in a subject, including culturing autologous T cells;
enfiching the cultured T cells for CD8+ T cells; expanding the number of cultured T cells
using OKT3 antibody, IL-2, and fesder lymphocytes fo provide an expanded number of T
cells.

[0007] There remains a need to improve the efficacy of T cells and the outcome of ACT

in cancer patients. A solution o this technical problem is provided by the embodiments
characterized inthe claims,
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BRIEF SUMMARY

[0008]  The disclosure provides for methods of producing T cells with improved efficacy
including, for example:

»

obtaining a population of T cells from a patient or a donor,

determining a percent of CD28+ CD&+ T cells in the obtained T cell population,

activating the determined T cell population with anti-CD3 antibody and/or an anti-
D28 antibody, and

whergin the determined population comprises at least about 50%, af lsast about
55%, at least about 80%, at least about 65%, at least about 70%, at least about

75%, at least about 80%, at least ahout 85%, at least about 80%, at least about

81%, at least about 92%, at least about 93%, at least about 84%, at least about
85%, at least about 86%, atl least about 97%, at least about 8%, or at {east about
99% of CD28+ CD8+ T calls.
[0008]  The disclosure further provides for methods of producing T cells with improved
efficacy including, for example:
+ obtaining a population of T cells from a patient or a donor,
= determining a percent of CD28+ CD8+ T cells in the obtained T cell population,
s aclivating the determined T celi population with anti-CD3 antibody in the absence of
anii-CD28 antibody, and
= wherein the determined population comprises less than about 50%, less than about
45%, lass than about 40%, less than about 35%, less than ahout 30%, less than
about 25%, less than about 20%, less than about 15%, less than about 10%, less
than about 8% less than about 8%, less than about 7%, less than about 8%, less
than about 5%, less than about 4%, less than about 3%, less than about 2%, orless
than about 1% of CD28+ CD8+ T cells.
[0010]  The disclosure further provides for ex vivo methods of producing T cells with
improved efficacy including, for example:

+ determining in an isolated T celf population a percent of CD28+ CD&+ T cells,

-2.
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[0011)

aotivating the determined T cell population with anti-CD3 antibody andfor an anti-

D28 antibody, and

provided that the determined population comprises at least 50%, at least 55%, at

feast 80%, af least 65%, at least 70%, atleast 75%, atleast 80%, at least 85%, at
least 80%, at least 91%, at least 92%, at least 83%, at least 84%, at least 85%, at
least 96%, at least 97%, at least 98%, or at least 99% of CD28+ CDB+ T cells.

The disclosure further provides for ex-vivo methods of producing T cells with

improved efficacy including, for example:

*

]

[0012)

determining in an isolated T cell population a percent of CD28+ CD8+ T cells,
activaling the determined T cell population with anti-CD3 antibody in the absence of
anti-CD28 antibody, and

provided that the determined poptlation comprises lass than 50%, less than 45%,
less than 40%, less than 35%, less than 30%, less than 25%, less than 20%, less
than 15%, less than 10%, less than 8%, less than 8%, less than 7%, less than 6%,
tess than 5%, less than 4%, less than 3%, less than 2%, or less than 1% of CD28+
CD8+ T calls.

in an aspect, the acltivated T cell population is transduced with a viral vector and

the transduced T cell population is expanded. In a further aspect, the transducing and the

axpanding may be carriad out in the presence of at least one cylokine.

[0013]

in another aspact, the disclosure relates fo methods for producing T cells with

improved efficacy for immunotherapy including:

obtaining a population of CD8+ T cells from a patient or a donor,

determining the percent of CD28+ CD8+ T cells in the obtained population,
activating the determined population with anti-CD3 antibody and anti-CD28 antibody,
and

wherein the determined population comprises at least about 50%, at least abowt
55%, at least about 60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, 3t least about 90%. at least about

91%, at least about 92%, at least about 93%, at least about 94%, at least about
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95%, at least about 96%, at least about 87%, at least about 98%, or at least about
89% of CD28+ CDB+ T cells,
« fransducing the activated T cell population with a viral vector, and
+ expanding the transduced T cell population.
[0014]  In another aspec!, the disclosure relates to ex vivo methods for producing T cells
with improved efficacy for immunotherapy including:
+ determining in an isolated CD8+ T cell population a percent of CD28+ CD8+ T cells,
« activating the determined population with anti-CD3 antibody and anti-CD28 antibody,
and
= provided that the determined population comprises at least 50%, at least 55%, at
least 80%, at least 65%, at least 70%, at least 75%, at least 80%, st least 85%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, ot least 85%, at
feast B6%, af least 87%, af least 98%, or st least 88% of CD28+ CD8+ T gells.
« fransducing the activated T cell population with a viral vector, and
« expanding the fransduced T cell population.
[6015]  In another aspect, the disclosure relates to methods for producing T cells with
improved efficacy for immunotherapy including:
+ obtaining a population of CD8+ T cells from a patient or a donor,
+ determining the percent of CD28+ CD8+ T cells in the obtained population,
+ activating the determined population with anti-CD3 antibody in the absence of anti-
D28 antibody, provided that the determinad population comprises less than about
50%, less than about 45%, less than about 40%, less than about 35%, less than
about 30%, less than about 25%, less than about 20%, less than about 15%, less
than about 10%, less than about 8%, less than about 8%, less than about 7%, less
than about 8%, less than about 5%, less than about 4%, less than about 3%, less
than about 2%, or less than about 1% of CD28+ CD8+ T calls,
+ fransducing the activated T cell population with a viral vector, and
s expanding the fransduced T cell population.
[0016]  in another asped!, the disclosure relates {0 ex vivo methods for producing T cells
with improvad efficacy for immunotherapy including:

-4 -



WO 2020/191172 PCT/US2020/023585

« Determining in an isolated CD8+ 7T cell population the percent of CDR8+ CD8+ T
cells,

+ golivating the determined population with anti-CD3 antibody in the absence of anti-
CD28 antibody, provided that the determined population comprises less than sbout
50%, less than about 45%, less than about 40%, less than about 35%, less than
about 30%, less than about 25%, less than about 20%, less than about 15%, less
than about 10%, less than ahout 9%, less than about 8%, less than about 7%, less
than about 6%, less than about 5%, less than about 4%, less than about 3%, less
than about 2%, or less than about 1% of CD28+ CDB8+ T cells,

+ transducing the activated T cell population with a viral vector, and

+ expanding the transduced T cell population.

[0017]  In another aspect, the transducing and the expanding may be carried out in the

presance of at least one cytokine,

[0018]  In another aspect, the aclivating may include immobilizing the T cells with the
anti-CD3 antibody and the anti-CDZ8 antibody on a solid phase support.

[0019] In another agpect, the anti-CD3 antibody andior the anti-CD28 antibody each
have a conceniration of from about 0.1 pg/mi to about 10.0 yg/mi, about 0.1 ug/mi to about
8.0 pgfmi, about 0.1 ugfmi to about 8.0 ug/mi, about 0.1 pg/mi to about 4.0 ug/mi. about 0.1
pgird to about 2.0 po/mi, about 0.1 pg/mi to about 1.0 pg/mi, about 0.1 pg/mito about 0.5
pgimi, about 0.5 pg/mi to about 10.0 ug/mi, about 2 pg/mi 1o about B pg/mi, about 3 pgiml
to about 7 pg/mi, about 2 pg/mi to about 5 pg/mi, about 0.5 po/mi to about 2.0 pg/mi, or
about 0.5 pg/mi to about 2.5 pg/mi,

[0020] in another aspect, the activation may be carried out within a period of from about
1 hour to about 120 hours, about 1 hour to about 108 hours, about 1 hour {o about 96
hours, about 1 hour to about 84 hours, about 1 hour to about 72 hours, about 1 hour to
about 60 hours, about 1 how to about 48 hours, about 1 how (o about 36 hours, about 1
hour to about 24 hours, about 2 hours to about 24 hours, about 4 hours to about 24 hours,
about 6 hours to about 24 hours, about 8 hours fo about 24 hours, about 10 hours to about

24 hours, about 12 hours 10 about 24 hours, about 12 hours to about 72 hours, about 24
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hours to abowt 72 hours, about 6 hours (o about 48 hours, about 24 howrs {0 about 48
hours, about 6 houwrs fo about 72 hours, or about 1 hours to about 12 hours.

[0021] In another aspect, the at least one cytokine may be selected from interleukin (iL)-
2,7, 110, 112, 1L-15, 1L-21, or combinations thereof,

[0022] Inanother agpect, the at least one eytokine includes -7, IL-15, or a combination
of {L-7 and {L-15.

[0023] In another aspect, the concentration of 1L-7 is from about 1 ng/mi to S0 ng/mi,
about 1 ng/mi to 80 ng/mi, about 1 ng/mi to 70 ng/mi, about 1 ng/m! to 80 ng/mi, about 1
ng/mt to 50 ngfmi, about 1 ng/mi to 40 ng/mi, about 1 ng/mi to 30 ng/mi, about 1 ng/mito 20
ng/mi, about 1 ng/mito 15 ng/mi, about 1 ng/mi to 10 ng/m, about 2 ngim!l to 10 ng/mi,
about 4 ng/mi to 10 ng/mi, abouwt 6 ng/mi to 10 ng/mi, or abowt 5 ng/mi to 10 ng/mil.

[0024] In another aspedt, the concentration of IL-15 may be from about 5 ng/ml to 500
ng/mi, about 10 ng/mi o 400 ng/mi, about 15 ngfmil to 300 ng/mid, abouwt & ng/mi fo 200
ng/mi, about 5 ng/mi to 150 ng/mi, about 5 ng/mi to 100 ng/mi, about 10 ng/mi to 100 ng/mi,
about 20 ng/mi to 100 ng/mi, about 30 ng/ml to 100 ng/mi, about 40 ng/mi to 100 ng/ml,
about 50 ng/mi to 100 ng/mi, about 80 ng/m! to 100 ng/mi, about 70 ng/mi to 100 ng/ml,
about 80 ng/mi o 100 ng/mi, about 88 ng/mi fo 100 ng/mi, about 10 ng/mi to 50 ng/ml,
about 1 ng/mi to 50 ng/mi, about 5 ng/mi to 50 ng/mi, or about 20 ng/mi to 50 ng/mi.

[0025] In another aspect, the transducing may be carried out within a period of from
about 1 hour to 120 hours, about 12 hour to 96 hours, about 24 hour to 86 hours, about 24
hour to 72 hours, about 10 hour 1o 48 hours, about 1 hour to 36 hours, about 1 hour fo 24
hours, about 2 hour to 24 hours, about 4 hour {0 24 howrs, about 6 hour to 24 hours, about
8 hour to 24 hours, about 10 hour to 24 howrs, about 1 hour to 12 hours, about 14 hour to
24 hours, about 1 hour to 12 hours, about 6 o about 18 hours

[0026]  In another aspecdt, the viral vector may be a retroviral vector expressing a T cell
receptor {TCR).

[00271 In another aspect, the viral vector may be & lentiviral vector expressing a TCR.
[0028] in another aspect, the expanding may be carred out within a period of from
about 1 day to about 30 days, about 5 {0 about 30 days, about 1 day to about 25 days,
about 2 day to about 20 days, about 5 day to about 15 days, shout 2 day to about 10 days,
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about 3 days to about 15 days, abowt 3 days {0 about 20 days, about 4 days {0 about 10
days, about 5 days to about 10 days, about B days to about 10 days, about 7 days to about
25 days, about 8 days to about 25 days, or about 8 days to about 12 days.

[00291  Inan aspect, the present disclosure relates to a method for producing T cells with
improved efficacy for adoptive immunotherapy including, for example, obfaining 8
population of CD8+ T cells from a patient or a donor, isolating CD28+ CD8+ T cells from
the obtained population, in which the isolaled cells contain at least about 50%, at least
about 55%, at least shout 80%, at least about 65%, at least about 70%, at least about 75%,
at least about 80%, at least about 85%, at least about 90%, af least about 91%, at least
about 92%, at least about 93%, at least about 94%, at least about 85%, at least about 86%,
at least about 97%, af least about 98%, or at least about 89% of CD28+ CD8+ T cells,
activating the isolated cells with anti-CD3 antibody and anti-CD28 antibody, transducing the
activated population with a viral vector, and expanding the fransduced population, in which
the transducing and the expanding may be carried out in the presence of at least one
cytokine,

[0030]  in another aspect, the present disclosure relates 1o a T cell produced by the
method of the present disclosure.

[0031] In afurther aspect, the present disclosure relates fo a T cell, preferably a 7 cell
poputlation, more preferably a genetically transduced T cell, obtainable from the methods of
the present disclosure. in a further aspect of the disclosure the T cell, preferably a T cell
population, more preferably a genetically transduced T cell, is directly obtained from the
methods of the present disclosurs.

[0032] In an aspect, genetically transducad 7 cslls containing at least about 50% of
CD28+ CD8+ T cells provided by methods described herein may exhibit at least about 1.2-
fold higher, at least about 1.5-fold higher, at least sbout 2-fold higher, at least about 2.5-fold
higher, at least about 3-fold higher, at least about 3.5-old higher, at least about 4-fold
higher, at least about 4.5-fold higher, or at least about 5-old higher fold expansion than that
produced from the determined population comprising less than about 50% of CD28+ CD8+
T cells.
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[0033]  inan aspedt, genatically transduced T cells containing at least about 50% of
CD28+ CDB+ T cells provided by methods described herein may exhibit at least about 1.2-
fold higher, at least about 1.5-fold higher, at least about 2-fold higher, at least about 2 5-fold
highet, at feast about 3-fold higher, at least about 3.8-fold higher, at least about 4-fold
higher, at least about 4.5-fold higher, or at least about 5-fold higher ratio of CO8:CD4 T
cells than that produced from the determined population comprising less than about 50% of
CD28+ CDB+ T cells.

[0034] in an aspect, genetically transduced T cells containing at least about 50% of
CD28+ CD8+ T cells provided by methods described herein may exhibit at least about 1.2
fold longer, at least about 1.5-fold longer, at least about 2-fold longer, at least about 2.5-fold
longer, at least about 3-fold longer, at least about 3.5-fold longer, at least about 4-fold
fonger, at least about 4.5-fold longer, or at least about 5-fold longer telomere length than
that produced from the determined population comprising less than about 50% of CD28+
CD8+ T cells.

[00358] In an aspect, genetically transduced T cells containing at least about 50% of
CD28+ CD8+ T cells provided by methods described herein may exhibit at least about 1.2-
fold higher, at least about 1.5-fold higher, at least sbout 2-fold higher, at least about 2.5-fold
higher, at least about 3-fold higher, at least about 3.5-fold higher, at least about 4-fold
higher, at least about 4.5-fold higher, or at least about 5-fold higher clonal richness than
that produced from the determined population comprising less than about 50% of CD28+
CD8+ T calls.

[00368] in another aspect, genstically transduced T cells produced by a method
described herein exhibit one or more of a higher fold expansion, & higher ratio of CD8:.CD4
T cells, a longer telomere length, andfor a higher clonal richness as compared to those T
cells T cells produced from a determined population containing less than about 50%, less
than about 45%, lass than about 40%, less than about 35%, less than about 30%, less than
about 20%, less than about 20%, less than about 15%, less than about 10%, less than
about 8%, less than about 8%, less than about 7%, less than about 6%, less than about
5%, less than about 4%, less than gbout 3%, less than about 2%, or less than about 1% of
CD28+ CDB+ T cells.
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[0037]  invyet ancther aspedt, genetically transduced T cells selected from the
determined population containing at least about 50%, at least about 55%, at least about
60%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at
isast about 85%, at least about 80%, at least about 91%, at least about 92%, at least about
93%, at least about 94%, at least about 95%, at least about 96%, at least about §7%, at
least about 98%, or at least about 89% of CD28+ CD8+ T cells exhibit one or more of a
higher fold expansion, a higher ratio of CD8:.CD4 T cells, a longer telomere length, and/or a
higher clonal richness as compared {o those T cells produced from a determined population
containing less than about 50%, less than about 45%, less than about 40%, less than about
35%, less than about 30%, less than about 725%, less than about 20%, less than about
15%, less than about 10%, less than about 8%, less than about 8%, less than about 7%,
jess than about 6%, less than about 5%, less than about 4%, less than about 3%, less than
about 2%, or less than about 1% of CD28+ CD8+ T cells.

[0038] in another agpect, the present disclosure relates to a composition, for example a
pharmaceutical composition, comprising the genetically fransduced T cell obtainable by the
herein described methods and a pharmaceutically acceptable carrier. In an aspect, the
present disclosure relates to methods of treating a patient who has cancer, including
administering to the patient an therapeutically effective amount of T cells produced by the
method of any one of the afore-mentioned aspects, in which the cancer is selected from the
group consisting of hepatoceliular carcinoma (HC(C), colorectal carcinoma {CRC),
glioblastoma (GB), gastric cancer {GC), esophageal cancer, non-small cell lung cancer
{NSCLC), pancreatic cancer (PC), renal celf carcinoma (RCC), benign prostate hyperplasia
(BPH), prostate cancer {PCA), ovarian cancer (OC), melanoma, breast cancer, chronic
lymphoeytic leukemia {CLL), Merkel cell carcinoma (MCC), small cell lung cancer (SCLC),
Non-Hodgkin lymphoma (NHL), acute myeloid feukermia (AML), galibladder cancer and
cholangiocarcinoma {GBC, CCC), urinary bladder cancer (UBC), acute lymphoblastic
leukemia (ALL}, multiple myeloma (MM), and uterine cancer (UEQ).

[0039]1 in a further aspect, the present disclosure refers {0 a composition, for example a
pharmaceutical composition, comprising the genetically transduced T cells obtainable by
the method of any one of the afore-mentioned aspects, for use as a medicament,

-9-
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[00407  ina furdher asped!, the present disclosure refers (o a composition, for example a
pharmaceutical composition, comprising the genetically transduced T cells obtainable by
the method of any one of the afore-mentioned aspects, for use in the treatment of cancer,
in which the cancer is selected from the group consisting of hepatoceliular carcinoma
(HCG), colorectal carcinoma (CRC), glioblastoma {GB), gastric cancer (GC), esophageal
cancer, non-small cell lung cancer (NSCLC), pancreatic cancer (PC), renal cell carcinoma
(RCC}, benign prostate hyperplasia (BPH), prostate cancer (PCA), ovarian cancer (O0),
melanoma, breast cancer, chronic lymphocytic leukemia (CLL), Merkel cell carcinoma
(MCC3, small cefl lung cancer {SCLC), Non-Hodgkin iymphoma (NHL), acute myeloid
leukemia (AML), galibladder cancer and cholangiocarcinoma (GBC, CCC), urinary bladder
cancer (UBQ), acute lymphoblastic leukemia {ALL), multiple myeloma (MM), and uterine
cancer (UEC).

[0041]  In a further aspect, the present disclosure refers to the use of a composition, for
example a pharmaceutical composition, comprising the genetically transduced T cells
obtainable by the method of any one of the afore-mentioned aspects, for the treatment of
the cancer, in which the cancer is selected from the group consisting of hepatoceliular
carcinoma (HCC), colorectal carcinoma {CRC), glicklastoma {GB), gastric cancer (GC),
esophageal cancer, non-small cell lung cancer (INSCLC), pancreatic cancer (PC), renal cell
carcinoma (RCC), benign prostate hyperplasia (BPH), prostate cancer (PCA), ovarian
cancer (OC), melanoma, breast cancer, chronic lymphocylic leukemia (CLL), Merkel cell
carcinoma (MCC), small cell lung cancer (S8CLC), Non-Hodgkin lymphoma (NHL), acute
myeloid leukemia (AML), galibladder cancer and cholangiocarcinoma {(GBC, CCC), urinary
bladder cancer {(UBC), acute lymphoblastic leukemia {ALL), muitiple myeloma (MM}, and
uterine cancer (UEC).

[0042] In afurther aspect, the present disclosure refers to a method of treating a patient
who has cancer, including obtaining @ population of CD8+ T cells from the patient,
determining & % of CD28+ CD8+ T cells in the obtained population, activating the
determined population with anti-CD3 antibody and anti-CD28 antibody, provided that the
determined population comprises at least about 50% of CD28+ CD8+ T cells, or activating
the determined population with anti-CD3 anfibody in the absence of anti-CD28 antibody,
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provided that the determined population comprises less than about 50% of CD28+ CD8+ T
cells, transducing the aclivated T cell population with a viral vector, expanding the
transduced T cell population, and administering to the patient the expanded T cell
popuiation, in which the cancer is selected from the group consisting of hepatoceliudar
carcinoma {HCO), colorectal carcinoma {CRC), ghioblastoma {GB), gastric cancer (GC),
esophageal cancer, non-small cell lung cancer (NSCLC}, pancreatic cancer (PC), renal cell
carcinoma {(RCGC), benign prostate hyperplasia (BPH), prostate cancer (PCA), ovarian
cancer (QC}, melanoma, breast cancer, chronic lymphocytic leukemia (CLL), Merkel cell
carcinoma (MCC), small cell lung cancer (SCLC), Non-Hodgkin lymphoma {NHL), acute
myeloid leukemia (AML), galibladder cancer and cholangiocarcinoma (GBC, CCC), urinary
biadder cancer (UBC), acute lymphoblastic leukemia (ALL), muttiple myeloma (MM), and
utering cancer (UEC).

[0043]  In afurther aspect, the present disclosure refers to a TCR binding fo & peplide in
a complex with a major histocompatibifity complex (MHC) molecule, in which the peptide
comprises the amino acid sequence selected from the group consisting of SEQ 1D NOG: 1-
188,

[0044] In another aspedt, the viral vector may be a refroviral vector expressing a
chimeric antigen receptor (CAR)

[0045]  In another aspect, the viral vector may be a lentiviral vector expressing a CAR.
[0046]  In another aspect, the CAR may be a CD18 CAR.

[0047] In afurther aspect, the present disclosure refers to a method of treating a patient
who has cancer, comprising obiaining a population of CD8+ T cells from the patient,
determining a % of CD28+ CD8+ T cells in the oblained population, activating the
determined population with anti-CD3 antibody and anti-CD28 antibody, provided that the
determined population comprises at least about 50% of CD28+ CD8+ T cells, or activating
the determined population with anti-CD3 anfibody in the absenca of anti-CD28 antibody,
provided that the determined population comprises less than about 50% of CD28+ CD8+ T
cells, transducing the activated T cell population with a wral vector, expanding the
transduced T celf population, determining a fold expansion of the expanded T cell
poputation, administering o the patient the expanded T cell population, provided that the
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fold expansion is greater than 10-fold, wherein the cancer is selected from the group
consisting of hepatoceliular carcinoma (HCC), colorectal carcinoma (CRC), glioblastoma
(GB), gastric cancer {GC), esophageal cancer, non-smalt cell lung cancer (NSCLC},
pancreatic cancer {PC), renal cell carcinoma (RCC), benign prostate hyperplasia (BPH),
prostate cancer (PCA), ovarian cancer (OC), melanoma, breast cancer, chronic
lymphocytic feukemia (CLL), Merkel cell carcinoma (MCC), small cell lung cancer (SCLC),
Non-Hodgkin lymphoma (NHL), acute myeloid feukemia (AML), galibladder cancer and
cholangiocarcinoma {GBC, CCC), urinary bladder cancer (UBC), acute lymphoblastic
feukemia (ALL), multiple mysloma {(MM), and uterine cancer {UEC).

[0048] in afurther aspect, the fold expansion may be about 2 to about 50 fold, about 5
to about 50 fold, about 10 fo about 50, about 2 to about 30 fold, about 10 to about 20 fold,
about 2 to about 25 fold, about & to about 25 fold, about 7 to about 20 fold, about 2 fo about
10 fold, about 2 to about 5 fold. In ancther aspect, the fold expansion may be more than 2
fold, more than 3 fold, more than 4 fold, more than 5 fold, more than 8 fold, more than 10

fold, or more than 20 fold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048]  For a further understanding of the nature, objects, and advantages of the present
disclosure, reference should be had to the following detailed description, read in
conjunction with the following drawings, wherein like reference numerals denote like

slements.

[00501  FIG. 1A shows the percentage of CD28 sxprassion within the CDE8 compariment
of healthy human PBMUCs across a large age gap in accordance with one embodiment of
the presant disclosure. Donors were analyzed by flow cytometry for CD28 expression. The
finear correlation (R2 = 0.7124), as determined by linear regression in Graphpad Prism 7,

betwaen starting CD28 expression in CD8 T-cells was observed.

[0051] FIG. 1B shows final percentage of CD&-positive cells within the CD3
compartment, i.e., CDS8-positive and CD4-positive compartment, at the end of

manufacturing for 7 days in accordance with one embodiment of the present disclosure.
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Starting CD28 percentage and final CD8 percentage were calculated by flow cytomelry.
There is an R2 correlation of 0.8121, as determined by linear regression in Graphpad Prism
7, between the starting percentage of CD28 and the final CD8%.

[0052] FIG. 1C shows the fold expansion accomplished by 7 days in accordance with
one embodiment of the present disclosure. Starting CD28 percentage was calculated by
flow cytometry. Total fold expansion was calculated from the day of transduction to the day
7 in the culturing period. There is an R? correlation of 0.8579, as determined by linear
regression in Graphpad Prism 7, between the starting percentage of CD28 and the final

fold expansion,

[0053] FIG. 1D shows the final telomere length as measured by flow cytometry in
accordance with one embodiment of the present disclosure. There is an R® correlation of
0.9581, as determined by linear regrassion in Graphpad Prism 7, between the starting
parcentage of CD28 and the final telomere length.

[0054] FIG. 2 shows characterization of T-cell expansion kinetics in accordance with
one esmbodiment of the present disclosure. From 3 healthy donors, donor with higher (Hi),
8.q., 93.4%, CD28 expression in the CD& compariment of PBMCs contain more T-celf
clones that can undergo an early expansion as defined by the cell number at day 4 vs the
cell number at day 2 (2-day post activation with CD3/CD28) as compared with donors with
medium (Mid), e.g., 54.3%, and low {Low), e.g., 31.1%, CD28 expression in the CD8
compartment of PBMCs.

[0055]  FIG. 3 shows coniraction and expansion of clones correlate with starting CD28
percentage in accordance with one embodiment of the present disclosure. From 3 healthy
donors, single molecule DNA sequencing was performed, and individual T-cell clones were
tracked over time. The percent differentially abundant represents the fraction of all T-cell
clones by day 10 in expansion that either expanded or contracted of the total number of
evaluable T-cell clones relative to post-activation. Percentage of CD28 expressing cells
was calculated by flow cytometry from the starting PBMCs. There is an R? correlation of
0.8726, as determined by linear regrassion in Graphpad Prism 7, betwean the starting

percentage of CD28 and the percent differentially abundant.
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[0056] FIG. 4 shows low CD28 expressing donors exhibiting delayed T-cell expansion
with negative clonal divisions in accordance with one embodiment of the present
disclosure. Population growth may be calculated based on total viable cells and may
represent fold growth, Clonal divisions were calculated as the log2(clonal fold expansion)
and reprasent the madian value oblained, negative values, Le., below the dashed line, are
obtained when clonal frequency contract in a cullure, whereas positive values, i.e., above
the dashed line, are obtained when clonal frequencies expand i a culture. All points are
relative to the post-activation baseline and calculated {o day 4 in the T-cell expansion

process.

[0057] FIG. 5 shows characterization of T-cell expansion kinetics in accordance with
another embaodiment of the present disclosure. T-cell clones were binned based on the
number of divisions they had undergone, estimated by logz{fold growth) for each T-cell
clona. Early, mid, and late expansion correspond to day 4, 7, and 10 in the manufacturing
process, Inserts contain the median {(Med) and average (Avg) clonal division along with the
total {Tot) number of cells at the time.

[0088] FIG. 6 shows characterization of T-cell expansion kinetics in accordance with
another embodiment of the present disclosure. The number of divisions required to reach
100 million cells was calculated based on the average divisions by the late expansion
timepoint.

[0059] FIG. 7 shows characterization of T-cell expansion kinetics in accordance with
another embodiment of the present disclosure. The average final clonal divisions between
T-cell clones that underwent a positive or negative early expansion {day 2 to day 4) were
calculated. “P<0.05, “*P<.0001.

[0060] FIG. 8 shows characterization of T-cell expansion kinetics in accordance with
another ambodiment of the present disclosure. Following the burst in unigue clones after
stimulation, there is a continual reduction in unique clones in donors with lower CD28, e.g.,
Mid CD28+ and Low CD28+. Unique T-cell clones may be derived from the number of

unigue DNA molacule reads of the T-cell recaptor (TCR) CDR3 region. Dotted line at value

of 1 marks the point where there are fewer T-cell clones than existed post-activation, Clonal
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diversity (number of unique clones) was measured across the T-cell manufaciuring
procedure at early (day 4), mid (day 7), and late {day 10}. All values are normalized {o the

number of unique T-cell clones at post-activation {day 2} timepoint.

DETAILED DESCRIPTION

[0081]  Adoptive T-cell therapy using genetically modified T cells has emerged as a
potential therapeutic option for several malignancies. Central to the production of the
cellular therapy is the manufacturing using a combination of stimulation, genetic
engineering, and expansion methodology. Within this framework, there may be a delicate
balance between expansion of the cells to a therapeutically relevant dosage and the need

to retain the profiferative potential of the “living drug.”

[0082] As described herein, the disclosure provides for methods of improving the
gfficacy of T cells and for methods of enhancing and predicting final fold expansion, ratio of
CD8:CD4 T cells, the relative final telomere length, and clonal richness of the T-cell
product. The disclosure also provides for methods of treating cancer in a subject in need

thereof as well as T cells populations produced by methods described herein.

[6063] CD28 is one of the molecules expressed on T cells that provide co-stimulatory
signals, which are required for T cell activation. CD28 is the recepior for B7.1 (CDB0} and
B7.2 (CD86). When activated by Toll-like receptor ligands, the B7.1 expression is
upregulated in antigen presenting cells (APCs). The B7 2 expraession on antigen presenting
cells is constitutive. CD28 is the only B7 receptor constitutively expressed on naive T cells.

to T cells for the production of various interleukins (IL-2 and IL-8 in particular),

[0064] When T-cells were expanded for elongated periods of time, they may lose their
profiferative potential and becoms functionally senascent despite the prasence of multiple
profiferative cytokines. in addition, expression of CD28 may correlate with muitiple
manufacturing metrics, including final T-cell fold expansion. Thus, the loss of CD28
expression may create a T-cell expansion bottleneck, in which certain T-cell clones may be
heavily favored as compared to others during manufacturing. Compounding the muitiple
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correlations, metg-analysis of available clinical trial data shows that younger patients
appear to respond better to T-cell manufacturing involving CD28 costimulation, while older

patients appear to respond better to T-cell manufacturing lacking CD28 costimulation.

[0065] In an aspect of the present disclosure, the starting percentage of CD28-positive
CD8+ T cells may be used as a biomarker to enable accurate pradiction of 1) fold T-cell
expansion, 2} ratio of CD8:CD4 T-cells {or %CD8-positive cells of CD3-positive cells), and
3} relative telomere length of the final T-cell product. Additionally, CDR3 DNA sequencing
may be used to track clonal populations from donors with varying starting CD28 expression
levels. From this analysis, different CD28 starting expression levels may result in significant
differences in clonal expansion kinetics throughout the T-cell manufacturing process.

[0066] The process of T-cell manufacturing relies on the isolation, activation, and
expansion of PBMC derived T-cells. The activation may be accomplished via immobilized
agonistic antibodies against CD3 and CD28 followed by the expansion in a cytokine milieu.
Duning manufacturing, product characteristics, such as fold T-cell expansion and the ratio
of CD8+ to CD4+ cells, may be tracked as they may impact therapeutic efficacy and mest
minimal thresholds. Therefore, it may be desirable to have a deeper knowledge of the
factors that can influence these metrics and affect the outcome of clinical manufacturing.

[0067]  For example, the process of making the T-cell product may be generally divided
into five steps: (1) leukapheresis to isolate the patients peripheral blood mononuclear cells
(PBMCs), {2) activation, {3) genetic modification of the T cells from the PBMCs with a non-
viral or virally encoded TCR/CAR vector, (4) expansion of the T cells {o create a clinically
relevant dose, and (&) optional lymphodepletion of the patient before T-cell infusion, and
infusion of the modified T cells into the patient. The activation of the T-cell compartment
may be primarily achieved via the use of agonistic aCD3 antibody with or without
costimulatory stimulation via aCD28 antibody, followad by the expansion in, usually, IL-2,

though IL-7 + {L-15 may vield a naive T-call final product.

[o088] During the expansion process, T cells may be in balance between growth and

towards terminally-differentiated effector cells, and this process may be dependent on the
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starting differentiation status of the PBMC. PBMCs from older donors may be enriched for
CD28-negative CD8+ T cells. Additionally, non-apoptotic extrinsic Fas-based T celi-T cell
interactions may drive differentiation of naive T cells. These cbservations indicate that
certain T cells may outcompete others during T-cell ex vivo expansion. Thus, the dynamics
of this contraction and expansion may need to be elucidated at a clonal level.

[0088]  In cerain aspects, the T cells of the present disclosure may include primary
human T cells, such as T cells derived from human peripheral blood mononuciear cells
{PBMC), PBMC collected after stimulation with G-CSF, bone marrow, or umbilical cord
blood. Conditions may include the use of mRNA and DNA and eleciroporation. Following
transfection, cells may be immediately infused or may be stored. In cerfain aspects,
following transfection, the cells may be propagated for days, weeks, or months ex vive as a
bulk population within about 1, about 2, about 3, about 4, or gbout & days or more following

gene transfer into cells.

[0070]  Ina further aspect, following transfection, the transfectants may be cloned and a
clone demonstrating presence of a single integrated or episomally maintained expression
cassette or plasmid, and expression of the TCR may be expanded ex vivo. The clone
selected for expansion may demonstrate the capacity to specifically recognize and lyse
paptide-expressing target cells. The recombinant T cells may be expanded by stimulation
with iL-2, or other cytokines that bind the common gamma-chain {e.g., IL-7, 1L-10, iL-12, 1L~
15, IL-21, and others). The recombinant T cells may be expanded by stimulation with
artificial antigen presenting cells. The recombinant T cells may be expanded on antificial
antigen presenting cell or with an antibody, such as OKT3, which cross links CD3 onthe T
cell surface. Subsets of the recombinant T cells may be delsted on artificial antigen
presenting cell or with an antibody, such as Campath, which binds CD52 on the T cell
surface. In a further aspedt, the genetically modified cells may be cryopreserved,

[0071]  The term “aclivation” refers to the state of a T cell that has been sufficiently
stimulated to induce detectable cellular profiferation. In particular embodiments, activation
can also be associated with induced cylokine production, and detectable effector functions.

The term “activated T celis” refers to, among other things, T cells that are proliferating.
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Signals generated through the TCR alone are insufficient for full activation of the T cell and
one or more secondary or costimulatory signals are also required. Thus, T cell activation
comprises a primary stimulation signal through the TCR/CD3 complex and one or more
secondary costimulatory signals, Go-stimulation can be evidenced by proliferation and/or
cytokine production by T cells that have received a primary activation signal, such as
stimulation through the CD3/TCR complex or through CD2.

[0072] In certain aspecis, the present disclosure may include a method of making and/or
expanding the antigen-specific redirected T cells that comprises transfecting T cells with an
axpression vector containing & DNA construct encoding TCOR, then, optionally, stimulating
the celis with antigen positive cells, recombinant antigen, or an antibody to the receptor fo
cause the cells to proliferate.

[0073] in another aspect, a method is provided of stably transfecting and re-directing T
cells by electroporation, or other non-viral gene transfer {such as, but not limited to
sonoporation) using naked DNA or RNA. Most investigators have used viral vectors to carry
heterologous genes into T cells, By using naked DNA or RNA, the time required {o produce
redirected T cells can be reduced. “Naked DNA or RNA" means DNA or RNA encoding a
TCR contained in an expression cassette or vector in proper orientation for expression. The
glectroporation method of this disclosure produces stable transfectants that express and

carry on their surfaces the TCR.

[0074]  In certain aspects, TCR construct may be introduced into the subjects own T
cells as naked DNA or in a suitable vector. Methods of stably transfecting T cells by
glectroporation using naked DNA in the art. See, 2.¢., U.S. Pat. No. 6,410,319, the content
of which is incorporated by reference in its entirety. Naked DNA generally refers fo the DNA
encoding a TOR of the present disclosure contained in a plasmid expression vector in
proper orientation for expression. Advantageously, the use of naked DNA reduces the time

required {0 produce T cells expressing the TCR of the present disclosure.

[0075]  Alternatively, a viral vector {e.q., a retroviral vecior, adenoviral vecior, adeno-

T cells. Suitable vectors for use in accordance with the method of the present disclosure
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are non-replicating in the subject’s T cells. A large number of vectors are known that are
based on viruses, where the copy number of the virus maintained in the cell is low gnough
to maintain the viability of the cell. lustrative vectors include the pFB-neo vectors
(STRATAGENE®) as well as vectors based on HIV, SV40, EBV, HSV, or BRV.

[0076] Once it is established that the transfected or fransduced T cell is capable of
expressing the TCR construct as a surface membrane profein with the desired regulation
and at a desired level, it can be determined whather the TCR is functional in the host cell to
provide for the desired signal induction. Subsequently, the transduced T celis are

reiptroduced or administered o the subject {0 activate anti-tumor responses in the subject,

[0077] To facilitate administration, the transduced T cells according to the disclosure
can be made into a pharmaceutical compaosition or made into an implant appropriate for
administration in vivo, with appropriate carriers or diluents, which further can be
pharmaceutically acceptable. The means of making such a composition or an implant have
haen described in the art (see, for mstance, Remington's Pharmaceutical Sciences, 16th
Ed., Mack, ed. (1980, the content which is herein incorporated by reference in its entirety)).
Where appropriate, the transduced T cells can be formulated into a preparation in samisolid
or liquid form, such as a capsule, solution, injection, inhalant, or aerosol, in the usual ways
for their respective route of administration. Means known in the art can be utilized o
pravent of minimize release and absorption of the composition until it reaches the target
tissue or organ, or to ensure timed-release of the composition. Desirably, however, a
pharmaceutically acceptable form is enmployad that does not hinder the cells from
expressing the TCR. Thus, desirably the transduced T cells can be made into a

[0078] The method of the present disclosure can be used o expand selected T cell
populations for use in treating an infectious disease or cancer. The resulting T cell
population can be genetically transduced and used for immunotherapy or can be used for
in vitro analysis of infectious agents. Following expansion of the T cell population to

sufficient numbers, the expanded T cells may be restored {o the individual. The method of
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the present disclosure may also provide a renewable source of T cells. Thus, T cells from
an individual can be expanded ex vivo, a portion of the expanded population can be re-
administered to the individual and another portion can be frozen in aliquots for long term
preservation, and subseguent expansion and administration o the individual, Similarly, a
poputation of umor-infiltrating lymphocytas can be obtained from an individual afflicted with
cancer and the T cells stimulated to proliferate {o sufficient numbers and restored {o the
individual.

[6079] In an aspect, expansion and/or activation of T cells {ake place in the presence of
one or more of -2, -7, IL-10, IL-12, 115, 1L-21. In another aspect, sxpansion and/for
activation of T cells takes place with 1L-2 slone, IL-7 alone, IL-15 alone, a combination of
iL-2 and iL-15, or a combination of IL-7 and 1L-15.

[0080]  The present disclosure may also pertain fo compositions containing an agent that
provides a costimulatory signalto a T cell for T cell expansion {e.g., an anti-CD28 antibody,
B7-1 or B7-2 ligand), coupled {0 a solid phase surface, which may additionally include an
agent that provides a primary activation signal to the T celi (e.g., an anti-CD3 antibody)
coupled {o the same solid phase surface. These agents may be preferably attached to
beads or flasks or bags. Compositions comprising each agent coupled to different solid
phase surfaces {(i.e., an agent that provides a primary T cell activation signal coupled to a
first solid phase surface and an agent that provides a costimulatory signal coupled to a
second solid phase surface) may also be within the scope of this disclosure.

[0081] A composition of the present invention can be provided in unit dosage form, in
which each dosage unit, .9., an injection, may contain a predetermined amount of the
composition, alone or in appropriate combination with other active agents. The term unit
dosage form as used herein refers o physically discrete units suitable as unitary dosages
for human and animal subjects, each unit containing a predetermined quantity of the
composition of the present invention, alone or in combination with other active agents,
caloulated in an amount sufficient to produce the desired effect, in association with a
pharmaceutically acceptable dduent, carrier, or vehicle, where appropriate. The

specifications for the novel unit dosage forms of the present disclosure depend on the
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particutar pharmacodynamics associated with the pharmaceutical composition in the
particular subject.

[0082] Desirably, an effective amount or sufficient number of the isolated transduced T
cells is present in the composition and infroduced info the subject such that long-term,
specific, anti-tumor responses may be established to reduce the size of a tumor or
eliminate tumor growth or regrowth than would otherwise result in the absence of such
treatment. Desirably, the amount of transduced T cells reintroduced into the subject may
cause about 10%, about 20%, about 30%, about 40%, about 50%, ahout 80%, about 70%,
about 80%, about 80%, about 85%, about 98%, or about 99% decrease in tumor size when
compared to otherwise same conditions, in which the transduced T cells are not present.

[0083]  Accordingly, the amount of transduced T cells administered should take into
account the route of administration and should be such that a sufficient number of the
transduced T cells will be introduced so as {o achieve the desired therapeutic response.
Furthermore, the amounts of each active agent included in the compositions described
herein {e.q., the amount per each cell fo be contacted or the amount per certain body
weight} can vary in different applications. In genaral, the concentration of transduced T
cells desirably should be sufficient to provide in the subject being treated at least from
about 1x10% to about 1x10° transduced T cells/m® {or kg) of a patient, even more desirably,
from about 1x107 to about 5108 transduced T celis/m? (or kg) of a patient, although any
suitable amount can be utilized either above, e.q., greater than 5x10% celis/m? {or kg) of 3
patient, or below, e.g., less than 1x107 cells/m? {or kg) of a patient. The dosing schadule
the content which is herain incorparated by refersnce in its entirety), or an alfernate
continuous infusion strategy can be employed.

[0084] These values may provide general guidance of the range of transduced T cells to
be utilized by the practitioner upon optimizing the method of the present disclosure for
practice of the invention. The recitation herein of such ranges by no means precludes the
use of a higher or lower amount of a component, as might be warranted in a particular

application. For example, the actual dose and schedule can vary depending on whether the
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compositions are administersd in combination with other pharmaceulical compositions, or
depending on interindividual differences in pharmacokinetics, drug disposition, and
metabolism. One skilled in the art readily can make any necessary adjusiments in

accordance with the exigencies of the particular situation.

[00851 Inan aspedt, tumor associated antigen {TAA) peptidss that are capable of use
with the methods and embodiments described herein include, for example, those TAA
peptides descrbed in U.S. Publication 20160187351, U.S. Publication 20170165335, U.S.
Publication 20170035807, U.S. Publication 20160280758, U.S. Publication 20160287687,
U.S. Publication 20160346371, U.S. Publication 20160368968, 1.8, Publication
20170022251, U.S. Publication 20170002055, U.8. Publication 20170029486, U.S.
Publication 20170037088, U.S. Publication 20170136108, U.S. Publication 20170101473,
U.8. Publication 20170086461, U.S. Publication 20170165337, U.§. Publication
20170188505, U.S. Publivation 20170173132, U.S. Publication 201702086640, U.S.
Fublication 20170253633, U.S. Publication 20170260248, U.5. Publication 20180051080,
and U.8. Publication No. 20180164315, the contents of each of these publications and
sequence listings described therein are herein incorporated by reference in their entirelies.

[0086] Inan aspect, T cells described herein selectively recognize cells which present a

TAA peptide described in one of more of the patents and publications described above,

[0087]  In another aspect, TAA that are capable of use with the methods and
ambodiments described herein include at least one selected from SEQ IDNO: 110 SEQID
NO: 158, Inan aspect, T cells selectively recognize cells which present a TAA peptide

described in SEQ 1D NO: 1~ 158 or any of the patents or applications described herein.

SEQID | Amino Acid SEQID | Amino Acid SEQID | Amino Acid
NO: Sequence NO: Sequence NO: Sequence
1 YLYDSETKNA |54 LLWGHPRVALA 106 VLLNELEQV
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2 HLMDQPLSY  [85 | VLDGKVAW | 107 SLLNQPKAV
3 GLLKKINSV |56 GLLGKVTSV 108 KMSELQTYV
4 FLVDGSSAL |57 KMISAIPTL 108 | ALLEQTGDMSL
5 FLFDGSANLV | 58 GLLETTGLLAT | 110 VIKGLEEITV
6 FLYKHDEL 59 TLNTLDINL 111 KQFEGTVEI
7 FILDSAETTTL |60 VIIKGLEE! 112 KLQEEIPVL
8 SVDVSPPKV | 81 YLEDGFAYV 113 GLAEFQENV
9 VADKIHSV 62 KIWEELSVLEV | 114 NVAEIVIHI
10 IVDDLTINL 63 LLIPFTIFM 115 | ALAGIVINV
11 GLLEELVTV  |o4 ISLDEVAVSL 116 NLLIDDKGTIKL
12 TLDGAAVNQV |65 KISDFGLATV 17 VLMQDSRLYL
13 SVLEKEIYSI |66 KLIGNIHGNEV | 118 KVLEHVVRV
14 LLDPKTIFL 67 ILLSVLHOL 119 LLWGNLPEI
15 YTFSGDVQL |68 LDSEALLTL 120 SLMEKNQSL
16 YLMDDFSSL |69 VLOENSSDYQSNL | 121 KLLAVIHEL
A7 [KVWSDVIPL |70 | HLLGEGAFAQV  |[122 | ALGDKFLLRV
18 LLWGHPRVALA | 71 SLVENIHVL. 123 FLMKNSDLYGA
19 KIWEELSVLEV |72 YTFSGDVQL 124 KLIDHQGLYL
20 LLIPFTIFM 73 SLSEKSPEV 125 GPGIFPPPPPQP
21 FLIENLLAA 74 AMFPDTIPRV 126 | ALNESLVEC
22 LLWGHPRVALA | 75 FLIENLLAA 127 GLAALAVHL
23 |FLLEREQLL |78 | FTAEFLEKV | 126 | LLLEAVWHL
24 SLAETIFIV 77 ALYGNVQQV 129 SHEYLPTL
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25 7 TLLEGISRA |78 | LFQSRIAGY | 180 [TLHDQVHLL
26 ILQDGQFLY |79 ILAEEPIYIRV 131 SLLMWITQC
27 VIFEGEPMYL | 80 FLLEREQLL 132 FLLDKPQDLSI
28 SLFESLEYL |81 LLLPLELSLA 133 YLLDMPLWYL
29 SLLNQPKAV |82 SLAETIFIV 134 GLLDCPIFL
30 GLAEFQENV |83 AILNVDEKNQV | 135 | VLIEYNFSI
31 KLLAVIHEL 84 RLFEEVLGV 136 | TLYNPERTITV
32 TLHDQVHLL |85 YLDEVAFML 137 | AVPPPPSSV
33 TLYNPERTITV |86 KLIDEDEPLFL 138 KLQEELNKY
34 KLQEKIQEL |87 KLFEKSTGL 139 KLMDPGSLPPL
35 SVLEKEIYSI |88 SLLEVNEASSV | 140 | ALIVSLPYL
36 RVIDDSLWGV | 89 GVYDGREHTV | 141 FLLDGSANV
37 VLFGELPAL |90 CLYPVTLVGV 142 | ALDPSGNQLI
38 GLVDIMVHL | 91 ALLSSVAEA 143 ILIKHLVKY
39 FLNAIETAL 92 TLLEGISRA 144 | VLLDTILGL
4 ] ALLQALMEL |93 | SLIEESEEL | 145 [HUAEMHTA
41 ALSSSQAEY |94 ALYVQAPTV 146 SMNGGVFAV
42 SLITGQDLLSV |95 KLIYKDLVSV 147 MLAEKLLQA
43 QUEKNWLL |96 ILOQDGQFLY 148 | YMLDIFHEV
44 LLDPKTIFL 97 SLLDYEVS) 149 | ALWLPTDSATV
45 RLHDENILL |98 LLGDSSFFL 150 GLASRILDA
46 YIFSGDvVQL |99 | VIFEGEPMYL | 151 | ALSVLRLAL
47 GLPSATTTV ~ [100 | ALSYILPYL 152 SYVKVLHHL

- 24 -




WO 2020/191172 PCT/US2020/023585

48 GLLPSAESIKL {101 FLFEVDPELY 153 VYLPKIPEW

49 KTASINGQNV 102 SEWGSPHAAVP | 154 NYEDHFPLL

50 SLLQHLIGL 103 ALSELERVL 1585 VYIAELEKI

51 YLMDDFSSL 104 SLFESLEYL 156 VHFEDTGKTLLF
52 LMYPYIYHV 105 KVLEYVIKV 187 VLSPFILTL

53 KVWSDVTPL 1568 HLLEGSVGY

[0088]  In an aspect, T cell receptors capable of use with methods described herein,
include, for example, those described in U.S. Publication No. 20170267738, U.8.
Pubfication No. 20170312350, U.S. Publication No. 20180051080, UL.S. Publication No.
20180164315, U.8. Publication No. 20180161386, U.S. Publication No. 20180162822,
U.S. Publication No. 20180273602, U.S. Publication No. 20190002556, U.S. Publication
NO. 20180135038, the contents of each of these publications are hereby incorporated by
reference in their entirsties.

[0089] The genetically transduced T cells produced by a method described herein have
an improved efficacy, more particularly an improved efficacy for immunctherapy, such as
adoptive immunotherapy, since, as it will be understood by the skilled in the art, the
genetically transduced T cells produced by a method described herein exhibit one or more
of a higher fold expansion, a higher ratio of CD8:CD4 T cells, a longer telomere length,
andfor a higher clonal richness as compared {o those T cells T cells produced from a
determined population containing less than about 50%, less than about 45%, less than
about 40%), less than about 35%, less than about 30%, less than about 25%, less than
about 20%, less than about 15%, less than about 10%, less than about 9%, less than about
8%, less than about 7%, lfess than about 8%, less than about 5%, less than about 4%, less
than about 3%, less than abouwt 2%, or less than about 1% of CD28+ CD8+ T cells.

EXAMPLES:
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[00807  inthe design of T-cell manufacturing protocals, a balance may exist between the
need to expand T cells to meet desired cell numbers and retaining the proliferative potential
of the final T-cell product. Within this paradigm, there may be a benefit to predicting the
outcome of manufacturing based on attributes of the starting PBMC population.

[0091]  The heterogeneity in T-cell expression profiles observed suggests that necessary
criteria for a selective pressure may exist. This pressurg, in theory, may potentially imit the
replicative potential of specific T cell populations. From the analysis of costimulatory
molecules, there may be a loss of CD28 exprassion in the starting CD8 cells and
throughout the T-cell expansion protocol. Reasonably, this would create two types of CDB
T cells, those which would benefit from the CD28 co-stimulation given and those that would
not benefit. The following examples lustrates an intrinsic CD28 importance and the
correfations between the starting CD28 phenotype and multiple manufacturing metrics.
[o092] Example1

[0093}  T-Cell Manufacturing

[0094] Healthy donor whole blood was purchased from Hemacare and PBMCs were
isolated by Ficoll gradient. PBMCs were activated for 16-24 hours in TexMACS (Miltenyi
130-097-196) supplemented with 5% Human AB serum (Gemini 100-318} media by plating
at 1x 10% five PBMC/mL on tissue culture flasks coated overnight with 1 ug/mb anti-CD3
{eBioscience 16-0037-85) and 1 ug/ml anti-CD28 (eBioscience 16-0289-85) antibady in
PBS (Lonza 17-516F) at 4 degrees Celsius. The next day, total celis were isolated and
resuspended to 1x 10° live-celiiml and 5 mi were plated into a well of a Grex24 well plate
{Wilson Wolf 80182M). Cells were either mock fransduced or transduced with a TCR
fentiviral construct {(produced by Lentigen) in the presence of 10 ng/mi IL-7 {peprotech 200-
073, 100 ng/ml IL-15 {peprotech 200-15), and 10 pg/mi protamine sulfate. The next day,
cells were fed with 35 mi of complete TexMACS supplemented with IL.-7 and IL-15 at above
mentioned concantrations. Cells were grown for an addiional 2, 5, or 8 days depending on
the desired manufaciuring time (i.e., 4, 7, or 10 total days), After manufacluring, cells were
counted and frozen down at 5 x 10%mi in Cyrostore10, placed at -80 degrees Celsius for

16-24 hours and then stored long-term at LNZ vapor phase until needed.
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[0088]  PkHE7 stain
[0096] PkHG7 (Sigma PKHETGL) stain was performed per manufacturer's protocd! with
the exception that the day 4 manufactured cells were stained at a 2X concentration to

account for the larger cell size compared to day 7 or day 10 manufactured cells. PkH

staining was performed before the flow cytomedry viability dye stain.

foos7l  CDR3 sequencing {Adaplive Biotech) and Analysis of T-cell receptor variable
beta chain sequencing

[0098] Immunosequencing of the COR3 regions of human TCR chains was performed
using the immunoSEQ® Assay {Adaptive Biotachnologies, Seattle, WA). Extracted
genomic DNA was amplified in a bias-controlled multiplex PCR, followed by high-
throughput sequencing. Ssquences were collapsed and filtered in order to identify and

quantitate the absolute abundance of each unique TCRB CDORS region for further analysis.
[0098]  Flow Cylomelry Stain and Acguisition

[00100] Live cells were quantified and resuspended to 1-2 x 108 five-cefl/mi in PBS then
stained with Live-Dead aqua (Thermo Fisher L34957) stain according to manufacturer's
protocol. Cells were then washed with Flow buffer and then resuspended at desired
PE-Cy7 Biolegend 304230, CDB5 APC-fire750 Biolegend 305638, CD8 BVE0S BD 564116,
CD27 BVES0 Biolegend 302827, CDE2L BV785 Biolegend 304830) and stained for 15-30
minutes in the dark at 4 degrees Celsius, with the exception that the COR7 (CCR7 BV4Y
Biolegend 353208) stain was done at 37 degrees Celsius in RPMI without serum before the
remaining surface stains. Cells were then washed in Flow buffer and resuspended in
fixation buffer and stored at 4 degrees Celsius until acquired on the BD Fortessa or Miltenyi
MACSQuant analyzer.

f00101] Telomere length determination

[00102] Relative telomere length was defermined according to manufacturer’s
instructions {Dako/Agilent K5327). Briefly, T-cells were mixed at a 1:71 ratio with control
1301 tumor cells (4N genome). Cells were then permeabilized and a Telomere PNA FITC
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probe was hybridized overnight. The next day, a counter propidium iodide stain was
performed to discriminate intact cells and the cells were acquired by flow cytometry. The
telomere length of the {est cells was calculated as a ratio {o that of the control 1301 tumor

cell fins.
[00103] Example 2

Jo0104] CD28 expression on CD8+ T-cells serves as a biomarker for ex vivo T-celf
gxpansion with {L.-7 and HL-15
[00105] The age correlaled lpss of CD28in CD8 T cells

[00106] For a selective pressure between donors, there may be an intrinsic heterogensity
betweean donars. The manufacturing of a T-cell product from PBMC relies on the ability to
efficiently activate and expand antigen-specific cytolytic CD8 T cells. During this process,
there may be a need 1o track the growth of the cells as minimal dosages. This need may
often be met based on the design of the clinical trial. Manufacturing of T cell products from
eldery PBMC can be complicated by the accumulation of CD28-negative CD8+ T cells in
the biood.

[00107] FIG. 1A shows, from the CD28 profiling, the older the donor was, the lower the
starting percentage of CDB cells that expressed CD28, with an R? correlation of 0.7124, as
determined by finear regression in Graphpad Prism 7. These cells may have reduced
proliferative potential to both cognate peptide and stimulation via CD3/CD28.

[00108] -7 and IL-15 may preserve T-cell naivety as compared to use of {L-2 during T-
cell expansion. As such, IL-7 and iL-15 may be a preferred method for clinical
manufacturing. Additionally, CD28-negative CD8+ T cells may proliferate in response to
iL15 comparably to their CD28-positive counterparts. To compare how CD28 expression
would affect the manufacturing of PBMC derived T-cells in the presence of IL-7 and iL-15,
T-cells obtained from 6 healthy donors were manufaciured using a clinical-like process.

[00108] CD28 starling percentage correlates with final CD8 percentage during T-cell

expansions
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[00110] Since CD28 expression in the CDB compartment may be age corslated, other
manufacturing metrics, which depend on CD28 exprassion, may also be biased. At the end
of T-cell expansion, the ratio of CD8 to CD4 cells {or %CD8-positive cells of CD3-positive
celis) may be measured as it is primarily the CD8 compartment that performs fumor
cytolvtic function, though cytolytic CD4 cells have been wentified. Thus, there may be a
correlation between the starting CD28 expression in the CD8 cells and the final percentage
of cells.

[00111] FIG. 1B shows there is a correlation between the starting percentage of CD28
expression in the CD8+ T-cell compariment and the final % CD8-positive cells of CD3-
positive celis at day 7 (mid expansion) of the culture with an R? correlation of 0.8121. These
results suggest that CD28 expression may serves as the driving force for the selective
pressure for CD8+ T cells,

[00112] CD28 starting percentage correlates with fold expansion

[00113] Clinical T-cell expansion protocols often measure the fold expansion of the final
product as a metric to understand the number of population doublings that have taken

place.

[00114] FIG. 1€ shows, by day 7 {(mid expansion), in the expansion praotocol, there was a
clear correlation between fold expansion and the starting CD28 expression level with an R?
correlation of 0.8579. The outgrowth of CD8+ cells compared to CR4+ cells correlates
tightly with the starting percentage of CD28 expression on CD8+ T cells. These resulls
have implications for manufacturing process development as it can predict whether clinical

expansion would be successful based on the starling phenotype of the PBMCs.
[00115] Telomere length reduction correlates with the starting CD28 expression

[00116] The loss of telomere length is a hallmark of dysfunctional cells as they become
highly differentiated and eventually senescent. The expression of telomerase may be
restricted to the CD28 expressing cells of either the CD4 or CD8 compariment following
CD3 + CD28 stimulation. Thus, the final relative telomere length may also correspond with

this CD28 expressing fraction of celis.
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[00117] FIG. 1D shows the final relative {elomere length of the T-cell product may be
closely correlated with the level of CD28 expression on CD8+ T cells in the starting culture
with an R? correlation of 0.9581 between the starting CD28 percentage of cells in the
PBMCs and the final relative telomere length. This analysis was carried out from PBMCs
derived from mulliple healthy donors and multiple non-small celf lung cancer patients. This
data suggests that the cutcome of IL-71L-15 based T-cell manufacturing can be predicted
prior to culiure initiation and may have important implications for the design of adoptive T-
cell manufacturing protocols. For example, because persistence of infused cell therapy
products may be correlated with clinical outcome in cancer patients, the final telomere
fength of infused tumor-infiltrating lymphocyte (TIL) clinical products may be associated

with the persistence of T-cell clones.

[00118] Taken together, by measuring the CD28 exprassion of the starting CD8+ T-ceils,
one can reasonably predict the final CD8%, the fold expansion, and the relative telomers
fehgth of T-cell products manufactured with [L-7 and IL-15. Note that the same correlations
with CD28 expression may not be found in the context of CD4+ T-cells, which may retain
CD28 expression at a higher leve! during aging as compared with CD8+ T cells.

[00119] Example 3

[00120] CD28 expression on CD8+ T-cells is assacialed with biased proliferation of T-celf
clones

[00121] Increased CD28 expression in starting PBMCs confers advantageous growth
dynamics during T-cell manufacturing

[00122] To characterize the expansion of clonal papulations during the T-cell expansion,
the expansion kinetics of individual T-cell clones was fracked by clonal DNA sequencing
and absolute numbers within each clonal population during the manufacturing process.
When tracking individual clones, the clonal divisions as welf as the absolute numbers of T
cells within a T-cell clonal population were measured during the early {day 4), mid {day 7),

and late (day 10} of the expansion process.

[00123] For example, to characterize the dynamics of clonal T-cell expansion and
contraction via CDR3 DNA sequencing of CD8+ T cells based on CD28™ (31.1%),
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CR28md (54 3%), or CD28MM {03 4%} expression levels, PBMCs were stimulated with
agonistic CD3/CD28 antibodies overnight, mock transduced, and then sampled during the
expansion pracess at day 4, day 7, and day 10 in manufacturing process. Since celf counts
weye performed at each sampling point and the number of T-cells was calculated within
each clonal population, the number of clonal divisions may be calculated using the

following formula:
Clonal Fold Expansion = (Final Clone # / Starting Clone #)
Estimated Divisions Per Clone = Log2(Clonal Fold Expansion).

[00124] In addition to quantifying the expansion of certain CD8+ T-cell populations, the
contraction of clonal populations may also be quantified, which may not be possible using

profiferation dye-based techniques.

[00125] FIG. 2 shows CD28Me" {93 .4%) in starting PBMCs conferred an early growth
advantage, with neatly two-thirds (63.41%:; of T-cell clones expanding between the
activation step {day 2) and day 4 in manufacturing. In contrast, lower CD28 expressing
starting populations displayed a kinetics, in which most T-cell clones contracted during this
early stage of manufacturing, with the CD28™ (54 3%} and the CD28°" {31.1%)
poputations containing 23.74% and 1.19% of early expanding clones, respectively. That is,
76.28% and 88.81% of the CD28™M¢ and CD28' expressing samples contracted,
respectively, during the early expansion phase. This was consistent with a negative fold
expansion during this phase for these two populations, while the CD28"%" sample
demonstrated a positive fold expansion. Thus, by characterizing T-cell manufactuning at a
clonal level, there may be a significant contraction of T-cell clones early in the expansion
process, which may be inversely correlated with the starting percentage of CD28-
expressing CD8+ T cells.

[00128] Contraction and expansion of clones correlates with starting CD28 percentage
[00127] From the single culture, individual T-cell clonal frequencies were tracked and
compared to the post-activation (day 2) time-point. From this comparison, clones which
significantly went up and down in frequency were assessed with the sum being the
percentage that were differentially abundant.
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[00128] FIG. 3 shows a strong correlation between the percent differentially abundant
and the starting CD28 percentage (R® = 0.9728). The lower the amount of CD28 in the
starting sample, the higher the percentage of clones which became differentially abundant.
This suggests that the fack of CD28 in a certain population creates an ecological niche for
other clones to grow into and the lack of CD28 creates populations that may die during the

T-cell expansion elongated profocol.

[00128] Lower CD28 expressing donors show a delayed T-cell expansion with negative
median clonal divisions

[00130] If the CD28 bollleneck exists in the T-cell culture, thers would be an expected
delay in the T-cell population expansion based on the starting percentage of cells which
exprassed CD28. Likewise, if all the T-cell clones were able to expand right away, then one

would expect a positive number of divisions per clone early in the expansion protocol.

[00131] FIG. 4 shows, for the low and medium CD28 expressing cultures, e g., Ch2g™d
and CD28%v there was a negative population growth between the post-activation {day 2)
and day 4 into the expansion, this suggests a contraction in the number of cells between
these two time points and meets the definition of a bottleneck avent. Additionally, only for
the high CD28 expressing cultures, 8.g., CD28" an overall positive clonal divisions was
observed, indicating that in this culture a high percentage of the T-cell clones were able to

immediately divide.

[00132] FIG. 5 shows, as fracking the divisions of the clonal populations, the CD28'w
sample displays a non-normally distributed division pattern at the end of the expansion,
while the CD28™ gand CD28M population show a more normally distributed
characterization, L.e., a normatl distribution of clonat divisions throughout the manufacturing,

as indicated by the similar average and madian clonal divisions.

[00133] Concordant with increased contraction and reduced early expansion, CD28°Y
populations may require an increased number of clonal divisions to reach a given level of
expansion in culfure. That is, the lower the starting CDZ8 expression, the more divisions i

may take to reach the same number of T-cells.
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[00134] FIG. 6 shows the CD28% population reguired 1.96 clonal divisions to reach
expansion of 1 x 10° cells, while the CD28™ population required 1.64 clonal divisions and

the CD28%a" population divided only 0.96 times for the same number of cells.

[00135] Togethar, this data indicates that high CD28 starting populations may undergo a
maore advantageous T-cell expansion marked by reduced T-cell contraction and a lower

number of necessary T-cell divisions.

[00138] These resulls suggest that the higher the CD28 expression of T-cell populations,
the greater the probability of early T-cell clonal expansion. Additionally, the reduced
number of T-cell divisions per defined number of cells suggests that an increasead

expression of CD28 may preserve T-cell proliferation potential.

[00137] To determine whether the early expansion of certain clonal populations can be
sustained throughout the expansion process, the average final clonal divisions between T1-
cell clones, e.q., CD28" CD28™ and CD28¥, that underwent a positive or negative

early expansion (day 2 to day 4) was calculated.

[00138] FIG. 7 shows, in all T-cell populations irrespective of CD28 expression, early
expanding clones were statistically more likely to divide by the end of the expansion

process {(day 2 fo day 4},

{00138] Reduction of unigue T-celf clones during expansion in donors with lower
expression of CO28 by DNA clonal sequencing

[o0140] Dunng the activation phase of manufacturing, activation-induced cell death
(AICD) may oceur and younger, more naive-ike T cells may have higher proliferation
potential as compared to older effector-like cells. Thus, these factors may lead to
bottienecks in T-cell manufactring, e.g., removing T-cell clonal populations from the total
population, while others retained in the final product. To investigate the effect of AICD on T
cell products, the clonal diversity {or richnass) throughout the manufacturing process was
determined as a measure for the relative number of unique T-cell clonal populations.

[00141] Tracking the number of unique T-cell clones throughout a culture, one would
axpect that, if the bottleneck exist, there would be large swings in the number of unique T-
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cell clones post-boltleneck event. Clonal richness may be the measurement for calculating
the number of unique T-cell clones normalized to the number of DNA molecule reads from

sequencing.

[00142] FIG. 8 shows, for all T-call populations wrespective of CD28 expression, there
was an increase in clonal richness {or clonal diversity} from post-activation (day 2) to sarly
expansion (day 4), likely representing the expansion of previously undetectable, low
frequency clones. Note that maximal clonal diversity may be achieved at this garly stage of
the expansion process, a metric may be associated with improved clinical responses o
checkpoint therapy and chemotherapy. Following this eary burst, a significant decrease in
clonal diversity for the CD28% and CD28-expressing populations, representing the
contraction of unique T-cell clones unable 1o survive the manufacturing process. This
reduction in clonal diversity between the early and late expansion time points {(day 4 to day
10} suggests that there was considerable clonal elimination as the expansion continued. In
contrast, the CD28M9" population retained a similar level of clonality throughout the
manufacturing process. These results suggest that CD28 expression levels in the starting
PBMC culture may be strongly associated with divergent expansion kinatics of the CD8+ T~
cell compartment. These results may impact T-cell product efficacy hecause a lack of
clonal diversity was associated with poor 4 year survival in diffuse large B-cell lymphoma
(DLBCL). T-cell persistence may contribute to T-cell product efficacy. Weak non-cognate
TCR-pMHC interactions may contribute {o the homeostatic proliferation and persistence of
T-cells. Thus, disadvantages of fack of clonal diversity in final T-cell products, such as
those prepared from starting T cells with lower CD28 expression, may include reduced T-
cell homeostatic proliferation due 1o a reduced probability of encountering self-sustaining

non-cognate TCR-pMHC survival signals.
[00143] Example 4

[00144] Younger patients have an improved response to CD18 CAR therapy when
manufactured with CD28 co-stimutation

[00145] To further explore the significance of the proposed ex vivo T-cell expansion

bottleneck, a clinical trial meta-analysis was performed 1o investigate whether the loss of
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Ch28 expression in elderly patients would create dlinical frends. Based on the previous
data, older patients would perform differently compared to younger patients basedonthe 7

cell manufacturing (CD3 alone or in conjunction with CD28).

[00146] 40T cell therapy clinical trials were published. Many of them are sarly stage trials
with unconfirmed moisties {&.g. an untested new TCR or CAR moleculs). The meta-
analysis required filtering steps to create a uniform comparable data set. After filtering and
compitation, 7 clinical rials targeting CD12 malignancies for a total for 107 patient data
points wers analyzed. From this analysis, patients younger than 45 had a better clinical
prognosis {66.67%) when their cells were manufactured with CD3 + CD28 method as
compared with CD3 alone (44.44%). In contrast, when patients were older than 45, there
was a benefit fo being manufactured with CD3 alone (71.43%) rather than the CD3 + CD28
method {(30.00%) {Table 1).

[00147] Table 1

QRE{PR « (R
<R R N NESFD I RE Tt i Clinkead Triddy

Patients >45 Years of

Patients <45 Yearsof
2R 14 3 & Lee 20048 Brentens 201 1
OER 3 i 3 % R DS Lonked 0L

Tt
PRl

[00148] Table 1: The differential effects of CD28 costimulation. Data is from the meta-
analysis of 4 CD19 CAR trials with 47 fotal data points. Patients younger than 45 performed
better when given CD28 costimulation in the manufacturing as compared to patients older
than 45, who performed better when not given CD28 costimulation. In other words, patients
younger than 45 may bensfit from a CD3 + CD28 method of T-cell manufacturing, while
patients older than 45 may benefit from a CD3 only method of T-cell manufacturing. CR =
complete response, PR = partial response, 8D = stable disease, NR/PD = no
responselprogressive disease, NE = not evaluable. Each clinical response was defined

based on the source clinical trial analysis.
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[001498] This meta-analysis of available clinical irial data shows that younger patients,
e.¢., younger than 45, appear to respond bstter to T-cell manufacturing involving CD28
costimulation, white older patients, e.g., older than 45, appear to respond better to T-cell

manufacturing lacking CD28 costimulation.

fo0180]  Clinical response rates correlate with the fold growth ex vivo in clinical trial
against multiple myeloma

[00151] Multiple clinical and preclinical investigations suggest that phenotypically younger
less differentiated T cells outperform in comparison o older more differentiated T cell
products. Based on the manufacturing data (FIGS. 1 and 2), high CD28 expressing
{younger) starting PBMCs may achieve a higher fold expansion ex vivo and yield a

potent clinical product may be obtained by manuwiacturing T cells using more youthful, less
differentiated starting PBMCs for the same period and culturing them to achieve a higher

fold expansion.

[00152] Table 2 shows, from a gBCMA multiple mysioma CAR clinical trial, there was a
comparison, there was a 0% response rate when cultures failed to achieve 10-fold
expansion. These observations further support the translational relevance and

manufacturing centric model in predicting T cell potency.

[001583] Table 2

Fold
Dosage
Disease | Target | Age Response,.  Expansion Response Rate
{1049}
Day 9

MM | BCMA | NA [0.0003%kg PR &&i\iﬁi\\\\\%\\\\
MM | BCMA | NA |0.00tkg  SD : \‘QQ\\§§

MM BCMA NA |0.009kg CR .
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MM BCMA NA [(0.009kg. SD

MM BCMA NA [0.003/kg: PR

MM BCMA NA 0.0003/kg SD

MM BCMA NA [0.009%kg: PR

MM BCMA NA 0.0003kg SD

MM BCMA NA [0.003/kg SD

MM BCMA NA |0.001/Kkg sD

,,,,,,,,,,,,,,,,,,,,,,,,,,, i Bl -

MM | BCMA | NA |0.003%kg, SD \\\\\\
MM | BCMA | NA |0.001/kg, SD \\\\\\

[00154] Table 2: Ex vive manufacturing metrics correlate with clinical response in multiple

myeloma. Data from clinical manufaciuring were combined with the clinical response rates
and soried by the fold expansion of CD3+ cells achieved during manufacturing. Response
rates were calculated as the number of patients who achieved a PR or CR in relation to the
total number of patients in the group. PR = partial response, SD = stable disease, CR =
complete response.

[00155] Advantages of the present disclosure may include prediction of the final CD8%,
the fold expansion, and the relative telomere length of T-cell products by measuring the
D28 expression of the starting CD8+ T-cells, personalized therapy based on CDZ8
expression in starting % of CD28+ CDE+ T cell populations. In addition, the manufacturing
of the present disclosure may be personalized with variable manufacturing periods, starting
cell numbers, stimulation conditions, and different growth mediums. This may improve in
vitro manufacturing metrics, e.g., fold expansion, and may be correlated with better clinical

outcome. Cell therapy manufacturing of the present disclosure may be highly patient
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specific with specific groups responding betler or worse {0 manufacturing based on their

starting celitlar phenotype.
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CLAIMS

What is claimed is:

1. A method of treating a patient who has cancer, comprising
obiaining a population of CD8+ T celis from the patient,
determining a % of CD28+ CD38+ T cells in the obtained population,
activating the determined population with anti-CD3 antibody and anti-CD28 antibody,
provided that the determined population comprises at least about 50% of
CD28+ CD8+ T cells, or
activating the determined population with anti-CD3 antibody in the absence of anti-
CD28 antibody, provided that the determined population comprises less than
about 50% of CD28+ CD8+ T cellg,
transducing the activated T cell population with a viral vector,
axpanding the transduced T cell population, and
administering to the patient the expanded T cell population,
whereain the cancer is selected from the group consisting of hepatoceliular
carcinoma (HCC), colorectal carcinoma (CRC), glioblastoma {GB),
gastric cancer {GC}, esophageal cancer, non-small cell lung cancer
{NSCLQ), pancreatic cancer {(PC}, renal cell carcinoma (RCC), benign
prostate hyperplasia (BPH), prostate cancer (PCA), ovarian cancer
{OC), melanoma, breast cancer, chronic lymphooytic leukemia (CLL),
Merkel cell carcinoma (MCC), small cell lung cancer (SCLC), Non-
Hodgkin lymphoma (NHL), acute myeloid leukemia (AML), galibladder
cancer and cholangiocarcinoma (GBC, CCC), urinary bladder cancer
(UBC), acute lymphoblastic leukemia (ALL), multiple myesioma (MM),
and uterine cancer (UEC).

2. The mathod of claim 1, wherein the determinad population is activated with anti-CD3
antibody and anti-CD28 antibody, provided that the determined population comprises at
least about 55%, at least about 60%, at least about 85%, at least about 70%, at least about
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75%, at least about 80%, al leas! about 85%, al least about 80%, &t least about 81%, at
least about 82%, at least about 83%, at least about 94%, at least about 85%, at least about
96%, at least about 97%, at least about 88%, or at least about 98% of CD28+ CD8+ T
cells.

3. The method of claim 1, wherein the determined population is activated with anti-CD3
antibody in the absence of anti-CD28 antibody, provided that the determined population
comprises less than about 45%, less than about 40%, less than about 35%, less than about
30%, less than about 25%, less than about 20%, less than about 15%, less than about
10%, less than about 8%, less than about 8%, less than about 7%, less than about 6%,
less than about 5%, less than about 4%, less than about 3%, less than about 2%, or less
than about 1% of CD28+ CDE+ T cells.

4. The method of any one of claims 1 - 3, wherein the viral vector is a retroviral vector

expressing 8 1 cell receplor (TCR).

5. The method of any one of claims 1 - 3, wherein the viral vector is a lentiviral vector
axprassing a TCR.

8. The mathod of claim of any one of claims 4 - 5, wherein the TCR binds to a peptide in a
complex with a major histocompatibility complex (MHC) molecule, wherein the peptide
comprises the amino acid sequence selected from the group consisting of SEQ 1D NO; 1-
158.

lentiviral vector expressing a chimeric antigen receptor (CAR).

8. The method of claim 7, wherein the CAR is a CD19 CAR.

8. A method of treating a patient who has cancer, comprising
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obtaining a population of CD8+ T cells from the patient,
determining a % of CD28+ CD8+ T cells in the obtained population,
activating the determined population with anti-CD3 antibody and anti-CD28 antibody,
provided that the determined population comprises at least about 80% of
CD28+ CDB+ T cells, or
activating the determined population with anti-CD3 antibody in the absence of anti-
CD28 antibody, provided that the determined population comprises less than
about 50% of CD28+ CD8+ T cells,
fransducing the activated T cell population with a viral vector,
expanding the transduced T cell population,
determining a fold expansion of the expanded T cell population,
administering to the patient the expanded T cell population, provided that the fold
expansion is greater than 10-fold,
wherein the cancer is selected from the group consisting of hepatoceiiular
carcinoma {HCC), colorectal carcinoma (CRC), glioblastoma (GB),
gastric cancer {GC), esophageal cancer, non-small cell lung cancer
{(NSCLO), pancreatic cancer {(PC), renal cell carcinoma (RCC), benign
prostate hyperplasia (BPH), prostate cancer (PCA), ovarian cancer
{OC), melanoma, breast cancer, chronic lymphocytic leukemia {CLL),
Merkel cell carcinoma (MCC), small cell lung cancer (SCLC), Non-
Hodgkin lymphoma (NHL), acute myeloid leukermia (AML), galibladder
cancer and cholangiocarcinoma {GBC, CCC), uninary bladder cancer
{UBQC), acute lymphoblastic feukemia (ALL), multiple myeloma (MM},

and uterine cancer (UEC).

10. The method of claim 9, wherein the fold expansion is from about 10 to about 50,

11. A method for producing T cells with improved efficacy for adoptive immunotherapy
COMPISIng
obtaining a population of CD8+ T cells from a patient or a donor,
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determining a % of CD28+ CD8+ T cells in the obtained population, and

activating the determined population with anti-CD3 antibody and anti-CD28 antibody,
provided that the determined population comprises at least about 50% of
CD28+ CD8+ T calls, or

activating the determined population with anti-CD3 antibody in the absence of anti-
€028 antibody, provided that the determined population comprises iess than
about 50% of CD28+ CD8+ T cells.

12. The method of claim 11, wherein the defermined population s activated with anti-CD3
antibody and anti-CD28 antibody, provided that the determined poputation comprises at
least about 55%, at feast about 60%, at least about 85%, at least about 70%, at least about
75%, at least about B0%, at least about 85%, at least about 80%, at least about 91%, at
jeast about 92%, at least about 83%, at least about 84%, at least about 956%, at least about
96%, at least about 97%, at least about 98%, or at least about 99% of CD28+ CD8+ T

cells.

13. The method of claim 11, wherein the delermined population is activated with ank-CD3
antibody in the absence of anti-CD28 antibody, provided that the delermined population
comprises less than about 45%, less than about 40%, less than about 35%, less than about
30%, less than about 25%, less than about 20%, less than about 15%, less than about
109%, less than about 9%, less than about 8%, less than about 7%, less than about 6%,
less than about 5%, less than about 4%, less than about 3%, less than about 2%, or less
than about 1% of CD28+ CD8+ T cells.

14, The method of any one of claims 11 - 13, further comprising transducing the activated
T cell population with a viral vector and expanding the transduced T celi population.

15, The method of claim 14, wherein the transducing and the expanding are camied aut in

the presence of at least one cytokine.
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16. The method of claim 15, wherein the at least one ¢yiokine is selected from interleukin
(L2, 17, 110, 112, 115, and 121,

17. The method of claim 15 or 18, wherein the at least one cytokine comprises IL-7 and iL-
18,

18. The method of claim 16 or 17, wherein the concentration of IL-7 is from about 1 ngfmi
to 90 ng/mi, about 1 ng/mi to 80 ng/mi, about 1 ng/mi to 70 ng/mi, about 1 ng/mi to 60
ng/mi, about 1 ng/mito 50 ng/mi, about 1 ng/mi to 40 ng/mi, about 1 ng/mi to 30 ng/mi,
about 1 ng/mi to 20 ng/mi, about 1 ng/mi to 15 ng/mi, about 1 ng/ml to 10 ng/mi, about 2
ng/mi to 10 ng/mi, about 4 ng/ml to 10 ng/mi, about 6 ng/ml to 10 ng/mi, or about 5 ng/mito
10 ng/mil.

19, The method of any one of claims 16 ~ 18, wherein the concentration of IL-15 1s from
about 5 ng/mi to 500 ng/mi, about 5 ng/ml to 400 ng/mi, about 5 ng/mi to 300 ng/mi, about
5 ng/mi 1o 200 ng/mi, about 5 ng/mi fo 150 ng/mi, about § ng/mi to 100 ng/mi, about 10
ng/mi to 100 ng/mi, about 20 ng/ml 1o 100 ng/mi, about 30 ng/mi to 100 ng/ml, about 40
ng/mi to 100 ng/mi, about 50 ng/mi 10 100 ng/mi, about 60 ng/mi to 100 ng/mi, about 70
ng/mi to 100 ng/mi, about 80 ng/ml to 100 ng/mi, about 80 ng/ml to 100 ng/ml, about 10
ng/mi to 50 ng/mi, about 20 ng/ml to 50 ng/mi, about 30 ng/mito 50 ng/mi, or about 40

ng/imi to 50 ng/mi.

20. The method of any one of claims 14 - 18, whersin the fransducing is carried out within a
period of from about 1 hour to 120 hours, about 1 hour to 108 hours, about 1 hour to 86
hours, about 1 hour to 72 hours, about 1 hour to 48 hours, about 1 hour to 36 hours, about
1 hour to 24 hours, about 2 hour fo 24 hours, about 4 hour 10 24 hours, about 6 hour {0 24
hours, about 8 hour to 24 hours, about 10 hour to 24 hours, about 12 hour to 24 hours,
about 14 hour to 24 hours, about 16 hour to 24 hours, about 18 hour to 24 hours, about 20
hour to 24 hours, or about 22 hour to 24 hours.
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21. The method of any one of claims 14 — 20, wharein the viral vector is a relroviral vector

expressing a T cell receptor {TCR).

22. The method of any one of claims 14 ~ 21, wherein the viral vector is a lentiviral vector
axprassing a TCR.

23. The method of any one of claims 14 - 22, wherein the expanding is camied out within 8
penod of from about 1 day to about 30 days, about 1 day to about 25 days, about 1 day to
about 20 days, about 1 day to about 15 days, about 1 day {o about 10 days, about 2 days
to about 10 days, about 3 days tv about 10 days, about 4 days to about 10 days, about 5
days o about 10 days, about 6 days to about 10 days, about 7 days to about 10 days,
about 8 days to about 10 days, or about 9 days to about 10 days.

24, The method of any one of claims 11 - 23, wherein the activating comprises
immobilizing the T cells with the ani-CD3 antibody and/or the anti-CD28 antibody on a
solid phase support.

25. The method of any one of claims 11 — 24, wherein the anti-CD3 antibody and the anti-
CD28 antibady each have a concentration of from about 0.1 pgimi to about 10.0 pg/m,
about 0.1 ug/mi to about 8.0 pg/mi, about 0.1 pg/mi to about 6.0 pg/imi, about 0.1 ugiml to
about 4.0 pgimi, about 0.1 pg/mi to about 2.0 yg/mi, about 0.1 pg/mi to about 1.0 ygiml,
about 0.1 ug/mi to about 0.8 ug/mi, about 0.1 ug/mi to about 0.6 ug/mi, about 0.1 ugimi to
about 0.5 yg/mi, about .1 ygimi {o about 0.25 pug/mi, about 8.2 pyg/mi to about 0.5 yg/imi,
about 0.2 yg/mi to about 0.3 yg/mi, about 0.3 po/mi to about 0.5 pgimi, abowt 0.3 ug/mi to
about 0.4 ug/mi, or about 0.4 ug/mi to about 0.5 pg/mi.

26. The method of any one of claims 11 ~ 25, wherein the activation i8 carried out within a
period of from about 1 hour to about 120 hours, about 1 hour to about 108 hours, about 1
hour to about 96 hours, about 1 hour to about 84 hours, about 1 hour to about 72 hours,
about 1 hour to about 60 hours, about 1 hour to about 48 hours, about 1 hour to about 36

hours, about 1 hour to about 24 hours, about 2 hours to about 24 hours, about 4 hours fo
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about 24 hours, about § hours 1o about 24 hours, about 8 hours to abouwt 24 hours, about
10 hours fo about 24 hours, shout 12 hours {o about 24 houwrs, about 12 howrs to about 72
hours, about 24 hours to about 72 hours, about 6 hours to about 48 hours, about 24 hours

to about 48 hours, about 8 hours fo about 72 hows, or about 1 hows to about 12 hours.

27. A method for producing T cells with improved efficacy for adoptive immunotherapy
comprising
obtaining a population of CD8+ T cells from a patient or a donor, and
isolating CD28+ CD8+ T celis from the obtained population,
whersin the isolated cells comprise at least 50% of CD28+ CD8+ T calls,

activating the isolated cells with anti-CD3 antibody and anti-CD28 antibody.

28. Tha method of claim 27, wherein the isolated cells comprise ai least about 55%, at
least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 85%, af least about 90%, at least about 81%, at least about 82%, at
least about 893%, at least about 94%, at least about 95%, at least about 96%, at least about
Q7%, at least about 98%, or at least about 99% of CD28+ CDS+ T cells.

29. The method of claim 27 or 28, further comprising transducing the activated T cell

poputation with a viral vector and expanding the fransduced T cell population.

30. The method of claim 29, wherein the transducing and the expanding are carried out in

the presence of at least one cytokine.

31, The method of claim 30, wherein the af least one cylokine is selected from intereukin
(iL)-2, W7, 110, 112, 115, and [L-21.

32. The method of claim 30 or 31, wherein the at least one cytokine comprises IL-7 and 1L~
18.
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33. The method of claim 31 or 32, wherein the concentration of IL-7 is from about 1 ng/mi
to 80 ng/mi, about 1 ng/mi to 80 ng/mi, about 1 ng/mi to 70 ng/mi, about 1 ng/mito 60
ng/mi, about 1 ng/mi to 50 ng/mi, about 1 ng/mi to 40 ng/ml, about 1 ng/mi fo 30 ng/mi,
about 1 ng/ml to 20 ng/mi, about 1 ng/mito 18 ng/ml, about 1 ng/mito 10 ng/mi, about 2
ng/mi to 10 ng/mi, about 4 ngimi to 10 ng/mi, about B ng/mi 10 10 ng/mi, or about 5 ng/mito

10 ng/mi.

34. The method of any one of claims 31 - 33, wherein the concentration of IL-15 is from
about 5 ng/mi to 500 ng/mi, about & ng/ml fo 400 ng/mi, about 5 ng/mi to 300 ng/mi, about
5 ng/mi 1o 200 ng/mi, about 5 ngimi to 150 ng/mi, about 5 ng/mi to 100 ng/mi, about 10
ng/mi to 100 ng/mi, about 20 ng/mi to 100 ng/mi, about 30 ng/mi to 100 ng/ml, about 40
ng/mi to 100 ng/mi, about 50 ng/mi to 100 ng/mi, about 80 ng/mi to 100 ng/mi, about 70
ng/mi to 100 ng/mi, about 80 ng/mi to 100 ng/mi, about 90 ng/mi to 100 ng/mi, about 10
ng/mi to 50 ng/mi, about 20 ng/ml to 50 ng/mi, about 30 ng/mi to 50 ng/mi, or ahout 40
ng/mi to 50 ng/mi.

35. The method of any one of claims 29 - 34, wherain the transducing s carned out within
a period of from abouwt 1 howr to 120 hours, about 1 howr to 108 hours, abouwt 1 hour to 86
hours, about 1 hour to 72 hours, about 1 hour to 48 hours, about 1 hour to 36 hours, about
1 hour to 24 hours, about 2 hour to 24 howrs, about 4 hour to 24 hours, about 6 hour to 24
hours, about 8 hour to 24 hours, about 10 hour to 24 hours, about 12 hour to 24 hours,
about 14 hour to 24 hours, about 16 hour {0 24 hours, about 18 hour t¢ 24 hours, about 20
hour to 24 hours, or about 22 hour to 24 howrs.

36. The method of any one of claims 29 - 35, wherein the viral vector is a retroviral vector
expressing a T cell receptor {TCR).

37. The method of any one of claims 29 - 38, wherein the viral vector is a lentiviral vector
expressing 8 TCR.
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38. The method of any one of claims 29 — 37, wharein the expanding is carried out within a
period of from about 1 day o about 30 days, about 1 day to about 25 days, about 1 day to
about 20 days, about 1 day to about 15 days, about 1 day to about 10 days, about 2 days
to about 10 days, about 3 days to about 10 days, about 4 days fo about 10 days, about &
days to about 10 days, about 8 days to about 10 days, about 7 days to about 10 days,
about 8 days to about 10 days, or about 9 days to about 10 days.

39. The method of any one of claims 27 - 38, wherein the activating comprises
immobilizing the T cells with the anti-CD3 antibody and/or the anti-CD28 antibody on a
solid phase support.

40, The method of any one of claims 27 — 39, whersin the anti-CD3 antibody and the anti-
Ch28 antibody each have a concentration of from about 0.1 ug/mi fo about 10.0 ugim,
about 0.1 pyg/mi to about 8.0 yg/mi, about 0.1 ug/mi to about 6.0 yg/mi, about 0.1 yg/mito
about 4.0 ug/mi, about C.1 pg/mi to about 2.0 pg/ml, about 0.1 pgiml to about 1.0 ug/ml,
about 0.1 ug/mi to about 0.8 ug/mi, about 0.1 pg/mi to about 0.6 pyg/mi, about 0.1 ygimito
about 0.5 ug/mi, about 0.1 pg/imi 1o about 0.25 po/mi, abowt 0.2 pg/mil to about 0.5 pg/mi,
about 0.2 ug/mi to about 0.3 ug/mi, about 0.3 ug/mi to about 0.5 ug/mi, about 0.3 yg/mito
about 0.4 yg/mi, or about 0.4 gg/mi to about 0.5 pg/mi.

41. The method of any one of claims 27 — 40, wherein the activation is carred out within a
pernod of from about 1 hour to about 120 hours, about 1 howr to about 108 hours, about 1
hour to about 96 hours, about 1 hour to about 84 hours, about 1 hour to about 72 hours,
about 1 hour to about 60 hours, about 1 hour {0 about 48 hours, about 1 hour o about 36
hours, about 1 houwr to about 24 hours, about 2 hours to about 24 hours, about 4 howrs to
about 24 hours, about 8 hours {0 about 24 hours, about 8 hours 1o about 24 hours, about
10 hours to about 24 howrs, about 12 hours to about 24 hours, about 12 hours {0 about 72
hours, about 24 hours o about 72 hours, about @ hours to about 48 hours, about 24 howrs
to about 48 hours, about 6 howrs to about 72 hours, or about 1 hours to about 12 hours,

42. A genetically transduced T cell produced by the method of any one of claims 11~ 41,
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43. A genetically transduced T cell produced by the method of any ong of claims 11 - 41,
wherain the T cell produced from the determined population comprising at least about 50%
of CD28+ CD8+ T cells comprises at least about 1.2-fold higher, at least about 1.5-fold
higher, at least about 2-fold higher, at least about 2.5-fold migher, at least about 3-fold
higher, at least about 3.5-fold higher, at least about 4-fold higher, at least about 4.5-fold
higher, or at least about 5-fold higher fold expansion than that produced from the
determined population compnising less than about 50% of CD28+ CD8+ T cells.

44. A genetically transduced T cell produced by the method of any one of claims 11 - 41,
wherein the T cell produced from the detemmined population comprising at least about 50%
of CD28+ CD8+ T cells comprises at least about 1.2-fold higher, atleast about 1.5-0old
higher, at least about 2-old higher, at least about 2.5-fold higher, al least about 3-old
higher, at least about 3.5-fold higher, at least about 4-fold higher, at least about 4 .5-fold
higher, or at least about 5-fold higher ratio of CD8:CD4 T cells than that produced from the
determined population comprising less than about 50% of CD28+ CD8+ T cells.

45. A genetically transduced T cell produced by the method of any one of claims 11 ~ 41,
wherein the T cell produced from the detsrmined population comprising at least about 50%
of CD28+ CD8+ T cells comprises at least about 1.2-fold longer, at least about 1.5-fold
fonger, at least about 2-fold longer, at least about 2.5-fold longer, at least about 3-fold
fonger, at least about 3.5-fold longer, at least about 4-fold longer, at least about 4.5-fold
fonger, or at least about 5-fold longer telomere length than that produced from the

determined population comprising less than about 50% of CD28+ CD8+ T cells.

46. A genetically transduced T cell produced by the method of any one of claims 11 ~ 41,
wherein the T cell produced from the determined population comprising at least about 50%
of CD28+ CD8+ T cells comprises at least about 1.2-fold higher, at least about 1.5-fold
higher, at least about 2-fold higher, at least about 2.5-fold higher, at least about 3-fold
higher, at least about 3.5-fold higher, at least about 4-fold higher, at least about 4 5-fold
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higher, or at least about 5-fold higher clonal richness than that produced from the
determined population comprising less than about 50% of CD28+ CDB+ T cells.

47 . A pharmaceutical composition comprising the genstically fransduced T cell of any one
of claims 42 ~ 48 and a pharmaceutically acceptable carier,

48. A method of treating a patient who has cancer, comprising administering to the patient
the pharmmaceutical composition of claim 47, wherein the cancer is selected from the group
consisting of hepatoceliular carcinoma (HCC), colorectal carcinoma (CRC), glioblastoma
{GB), gastric cancer {GC), esophageal cancer, non-small cell lung cancer (NSCLC},
pancreatic cancer (PC), renal cell carcinoma (RCC), benign prostate hyperplasia (BPH),
prostate cancer (PCA), ovarian cancer {OC), melanoma, breast cancer, chronic
fymphocytic leukermia {CLL), Merke! cell carcinoma (MCC), small cell lung cancer (SCLC),
Non-Hodgkin lymphoma (NHL), acute myeloid leukemia (AML), galibladder cancer and
cholangiocarcinoma {GBC, CCC), winary bladder cancer (UBC), acute lymphoblastic
leukemia (ALL), multiple myeloma (MM), and ulerine cancer (UEC).

.49 -



PCT/US2020/023585
1/8

WO 2020/191172

CAVEIIEE b ST
Bk YL

o8 0%

2 1

BN B

oo o8 0%

B B B BET & 4 4 AT sy
38 08 34 Oy g U L 0% £ i oz
E: i % > S Essrsssssssssnsisisss Mw % 5 3 P 3

NV”\\.

em‘wN 5
3 *
(73
i1 &y
MMMMH

Lok
™ mm‘m u\\MM w\io\ 4 Na Mm

o
NN

St

&

0

5%



PCT/US2020/023585

WO 2020/191172

2/8

y

uopsurdyy Auey Bany wsoor
unsuedx g AUYT 504 %LV ED W

{%P°£6} +8200 1M

uosueixy Ay Ban 4029l B
UDIBUBOXT ALUET 20 %BL LT W

{2,0°9G) +8ZOD PUN

uesustiay Aueyg Doy w088 #a
usuedng AU 504 AL L .

{9% 115} +8200 07



WO 2020/191172 PCT/US2020/023585
3/8

B0 ~
=
Ay
o
S 604
L2
<
>
© 40-
s
@
& 20+
&3
R
8 Y Y ¥
o 50 100 150

% CD28 of CD8 PBMCs

FIG. 3



PCT/US2020/023585

4/8

N

on
Populat

160

80

&0

WO 2020/191172

(B OB Y1500
O SRR




PCT/US2020/023585

WO 2020/191172

5/8

Ry U RN

Gy By ey 4y

.t\r\* *“m * *}&%*\it*&m\iﬁit

woysundg e

SR SO GR

5% R

%

WG URAES

% \QK\X\‘\

% % o %
Sorarii \\\‘v\\g\“ % A % p
g gz

&2
=
SRR G B T
% .\\ % A ,ﬁ.\ ;w < \v.v .x A
%

s %y ww\m

&mmﬂm.ﬁm o

el

G

peBZAT G 'Ol




BB

-

. B




PCT/US2020/023585

WO 2020/191172

7/8

FIG. 7



PCT/US2020/023585

WO 2020/191172

8/8

-8 4 CD 28

CD 28+

Looow

2 F R RN KK PR E R LRSS K

-
*
*
»
*
*
»
-
-
*
#
¥
*
»

»

oo

o*

-

L

-

1 ¥ 1 1
ok e o o3 ] .

{92 -1 %9 4 O3 18 M}

8 8 8 U g ot M e u of »

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023585

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61K35/17 C12N5/10
ADD.

C12N5/0783

A61P35/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61K CI2N A61P

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, BIOSIS, COMPENDEX, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

15 June 2017 (2017-06-15)
Y pages 3-4; claims 1-4,43,46
pages 7-8

29 October 2015 (2015-10-29)

Y pages 34-35; claim 1

pages 43-44

X US 6 905 680 B2 (US NAVY [US])
14 June 2005 (2005-06-14)

X W0 2017/099712 Al (BLUEBIRD BIO INC [US])

X WO 2015/164745 Al (BLUEBIRD BIO INC [US])

column 50 - column 51; example 13

1-10,
42-48
11-41

1-10,
42-48
11-41

27,28,
42-47

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 June 2020

Date of mailing of the international search report

16/06/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bochelen, Damien

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/023585

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y D. TESCHNER ET AL: "In Vitro Stimulation
and Expansion of Human Tumour-Reactive
CD8+ Cytotoxic T Lymphocytes by
Anti-CD3/CD28/CD137 Magnetic Beads : CTL
Expansion by CD3/CD28/CD137 Beads In
Vitro",

SCANDINAVIAN JOURNAL OF IMMUNOLOGY,

vol. 74, no. 2, 1 August 2011 (2011-08-01)
, pages 155-164, XP055452404,

GB

ISSN: 0300-9475, DOI:
10.1111/j.1365-3083.2011.02564.x

page 157

Y WENG N P ET AL: "CD28”- T cells: their
role in the age-associated decline of
immune function",

TRENDS IN IMMUNOLOGY, ELSEVIER LTD. *
TRENDS JOURNALS, GB,

vol. 30, no. 7, 1 July 2009 (2009-07-01),
pages 306-312, XP026251276,

ISSN: 1471-4906, DOI:
10.1016/J.17.2009.03.013

[retrieved on 2009-06-18]

pages 309-310

Y DIMITRI KASAKOVSKI ET AL: "T cell
senescence and CAR-T cell exhaustion in
hematological malignancies",

JOURNAL OF HEMATOLOGY & ONCOLOGY,

vol. 11, no. 1, 4 July 2018 (2018-07-04),
XP055701316,

DOI: 10.1186/s13045-018-0629-x

pages 4-5

1-48

1-48

1-48

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.

INTERNATIONAL SEARCH REPORT PCT/US2020/023585
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/023585
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2017099712 Al 15-06-2017 US 2019194615 Al 27-06-2019
WO 2017099712 Al 15-06-2017

WO 2015164745 Al 29-10-2015 AU 2015249376 Al 03-11-2016
AU 2018203687 Al 21-06-2018
BR 112016024957 A2 24-10-2017
CA 2946552 Al 29-10-2015
CN 106456670 A 22-02-2017
CN 110819595 A 21-02-2020
EP 3134095 Al 01-03-2017
JP 2017513891 A 01-06-2017
JP 2018087254 A 07-06-2018
JP 2020015767 A 30-01-2020
KR 20160141865 A 09-12-2016
KR 20180105733 A 28-09-2018
KR 20190066089 A 12-06-2019
MX 370018 B 28-11-2019
NZ 725201 A 25-05-2018
SG 10201808258S A 30-10-2018
SG 11201608744V A 29-11-2016
US 2017051252 Al 23-02-2017
WO 2015164745 Al 29-10-2015

US 6905680 B2 14-06-2005 US 2002115214 Al 22-08-2002
US 2006013832 Al 19-01-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - wo-search-report
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

