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MODIFIED STEM CELL MEMORY T CELLS, METHODS OF MAKING AND
METHODS OF USING SAME

RELATED APPLICATIONS
[01]  This application claims the benefit of provisional applications USSN 62/402,707 filed
September 30, 2016, USSN 62/502,508 filed May 5, 2017, USSN 62/553,058 filed August
31,2017 and USSN 62/556,309 filed September &, 2017, the contents of each of which are

herein incorporated by reference in their entirety.

INCORPORATION OF SEQUENCE LISTING
[02]  The contents of the text filed named “POTH-012 001WO_SeqList.txt”, which was
crcated on 2 October 2017 and is 110 KB in size, arc hercby incorporated by reference in

their entirety.

FIELD OF THE DISCLOSURE
[33]  The disclosure is directed to molecular biology, and more, specifically, to methods of

making and using modified stem-cell memory T cells.

BACKGROUND
[04] There has been a long-felt but unmet need in the art for a method of producing
modified stem-cell memory T cells for administration to a subject as, for example, an

adoptive cell therapy. The disclosure provides a solution to this long-felt but unmet need.

SUMMARY
[05] Unhike traditional biologics and chemotherapeutics, modified-T cells of the
disclosure possess the capacity to rapidly reproduce upon antigen recognition, thereby
potentially obviating the need for repeat treatments. To achieve this, moditied-T cells of the
disclosure must not only drive tumor destruction initially, but must also persist in the patient
as a stable population of viable memory T cells to prevent potential cancer relapses. Thus,
intensive efforts have been focused on the development of antigen receptor molecules that do
not cause T cell exhaustion through antigen-independent (tonic) signaling, as well as of a
modified-T cell product containing carly memorv cells, especially stem cell memorv (Tscm).

Stem cell-like modified-T cells of the disclosure exhibit the greatest capacity for self-renewal
-1-
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and multipotent capacity to derive central memory (Tom), effector memory {Tewm) and cftector
T cells (Tg), thereby producing better tumor cradication and long-term modified-T cell
engraftment. Modified-T cells of the disclosure include, but arc not limited to, those cells that
gxpress an antigen receptor comprising a protein scaffold of the disclosure. Modified-T cells
of the disclosure include. but arc not limited to, those cells that express a chimeric antigen
receptor (CAR) (i.e. CAR-T cells of the disclosure). Chimeric antigen receptors (CARs) of
the disclosurc may comprise one or more scquences that each specifically bind an antigen,
including. but not limited to, a single chain antibody (c.g. a scFv), a sequence comprising one
or more fragments of an antibody (e.g. a VHH, referred to in the context ofa CAR asa
VCAR), an antibodv mimic, and a Centyrin {referred to in the context of a CAR as a
CARTynn).

{06] Modified celis of the disclosure may be further subjected to genomic editing. For
example, a genomic editing construct may be introduced into the modified cells of the
disclosure in a transposon or other means of deliverv through electroporation or
nucleofection and allowed to integrate into the genome of the cell during the following
incubation phasc. The resultant cell is a modificd T ccll with an cdited genome that retains a
stem-like phenotype. This modified T cell with an edited genome that retains a stem-like
phenotype may be used as a cellular therapy. Alternatively, or in addition, modified cells of
the disclosure may be subject to a first clectroporation or nuclcofection and a subscquent
electroporation or nucleofection to introduce a genomic editing construct.

{07] Specifically, the disclosure provides a method of producing a modified stem
memory T cell (Tsom), comprising introducing into a primary human T cell (a) a transposon
COMPpOSILIoN comprising a transposon comprising an antigen receptor or a therapeutic protein
and (b) a transposase composition comprising a transposase or a sequence encoding the
transposase; to produce a modified T cell, wherein the modified T cell expresses one or more
cell-surface marker(s) of a stem memory T cell (Tscwm), thereby producing a modified stem
memory T cell (Tscn). The disclosure provides a method of producing a plurality of modified
stem memory T cells (Tscm), comprising introducing into a plurality of primary human T cell
(a) a transposon composition comprising a transposon comprising an antigen receptor or a
therapeutic protein and (b) a transposase composition comprising a transposase or a sequence
encoding the transposase; to produce a plurality of modified T cells, wherein at least 2%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%. 50%, 60%, 65%, 70%, 75%, 80%, 83%, 90%,

95%, 99% or any percentage in between of the plurality of modified T cells expresses one or
-2
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more cell-surface marker(s) of a stem memory T cell (Tscm), thereby producing a plurality of
modified stem memory T cells (Tscu). In certain embodiments, the method produces a
plaralitv of modified T cells, wherein at least 25% of the plurality of modified T cells
gxpresses ong or more cell-surface marker(s) of a stem memory T cell (Tscwm). thereby
producing a plurality of modified stem memory T cells {Tsear). In certain cmbodiments, the
method produces a plurality of modified T cells, wherein at least 509 ot the plurality of
modified T cells expresses one or more ¢ell-surface marker(s) of a stern memory T cell
(Tscm), thereby producing a plurality of modified stem memory T cells (Tsem). In certain
embodiments, the method produces a plurality of modified T cells, wherein at least 60% of
the plurality of modified T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tsenm), thereby producing a plurality of modified stem memory T cells
(Tsen). In certain embodiments, the method produces a plurality of modified T cells, wherein
at least 7595 of the plurality of modified T cells expresses one or more cell-surface marker(s)
of a stem memory T cell (Tsewm), thereby producing a plurality of modified stem memory T
cells (Tsom). In certain embodiments, the method produces a plurality of modified T cells,
wherein at least 80% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsom), thereby producing a plurality of modified stem
memory T cells (Tsenm). In certain embodiments, the method produces a plurality of modified
T cells, wherein at least 85% of the plurality of modificd T cells expresses one or more cell-
surface marker{s) of a stem memory T cell {Tsen), thereby producing a plurality of moditied
stem memory T cells (Tscm). In certain embodiments, the method produces a plurality of
modified T cells, wherein at Icast 90% of the plurality of modified T cells expresses one or
more cell-surface marker(s) of a stem memory T cell (Tscm). thereby producing a plurality of
moditied stem memory T cells (Tsca). In certain embodiments, the method produces a
plarality of modified T cells, wherein at least 95% of the plurality of modified T cells
gxpresses ong or more cell-surface marker(s) of a stem memory T cell (Tscm), thereby
producing a plurality of modified stem memory T cells (Tsca). In certain embodiments, the
cell-surface markers comprise CD62L and CD45RA. In certain embodiments, the cell-
surface markers of the CAR-Tscm comprise one or more of CD62L., CD45RA, CD28, CCR7,
CD127. CD45RG, CDY35. CDYS and IL-2R$. In certain embodiments, the cell-surface
markers of the CAR-Tscm comprise one or more of CD43RA, CD9OS, TL-2Rp, CR7, and
CD62L. In certain embodiments of this method, the transposon is a plasmid DNA transposon

with a sequence encoding the antigen receptor or the therapeutic protein is flanked by two

-
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cis-regulatory insulator clements. In certain embodiments, the transposon is a piggyBac
transposon. In certain embodiments, and, in particular, those embodiments wherein the
transposon is a piggvBac transposon, the transposase is a piggyBac™ or a Super piggvBac'™
(SPB) transposase.

{08] In certain embodiments of the methods of the disclosure, the transposon is a plasmid
DNA transposon with a sequence encoding the antigen receptor or the therapeutic protein is
flanked by two cis-regulatory insulator elements. In certain embodiments, the transposon is a
piggyBac transposon. In certain embodiments, and, in particular, those embodiments wherein
the transposon is a piggy Bac transposon, the transposase 1s a piggvBac™ or a Super
piggyBac™ (SPB}) transposase. In certain embodiments, and, in particular, those
embodiments wherein the transposase is a Super piggyBac™ {(SPB) transposase, the
sequence encoding the transposase is an mRNA sequence.

[09] In certain embodiments of the methods of the disclosure, the transposase enzyvme is
a piggvBac™ (PB) transposase enzyme. The piggvBac (PB) transposase enzvme may

5%, 90%, 95%, 99% or

2V,

comprise or consist of an aming acid sequence at feast 75%, 80%,

any percentage in between identical to:

¢l

4.

[010]

a piggyBac™ (PB) transposase enzvme that comprises or consists of an amino acid sequence

MGSSLDDEHI
SEILDEQNVI
PTRMCRNIYD
GILVMTAVRK
FTPVRKIWDL
SGYKYMINGM
EPYKLTIVGT
DEDASINEST
SFIIYSHNVS
PGTSDDSTEE

LSALLQSDDE
EQPGSSLASN
PLLCFKLFFT
DNHMSTDDLF
FIHQCIONYT
PYLGRGTQTN
VRSNKREIPE
GKPOMVMY YN
SKGEKVQSRK
PVMKKRTYCT

LVGEDSDSEI
RILTLPQRTI
DEIISEIVKW
DRSLSMVYVS
PGAHLTIDEQ
GVPLGEYYVK
VLKNSRSRPV
UTKGGVDTLD
KFMRENLYMSL
YCPSKIRRKA

SDHEVSEDDVQ
RGKNKHCWST
TNAEISLKRR
VMSRDRFDFL
LLGFRGRCPF
ELSKPVHGSC
GTSMFCEDGP
QOMCSVMTCSR
TSSEFMRKRLE
NASCKKCKKV

SDTEEAFIDE
SKSTRRSRVS
ESMTGATERD
IRCLRMDDKS
RMY I PNKPSK
RNITCDNWET
LTLVSYKPKP
KTNRPWPMALL
APTLKRYLRD
LCREHNIDMC

VHZEVQPTSSG
ALNIVRSQRG
TNEDEIYAFF
IRPTLRENDV
YGIKILMMCD
STPLAKNLLD
AKMVYLLSSC
YGMINIACIN
NISNILPNEV
QSCF

In certain embodiments of the methods of the disclosure, the transposase enzyme 1s

having an amino acid substitution at one or more of positions 30, 165, 282, or 538 of the

sequence:

MGSSLDDEHI
SEILDECNVI
PTRMCRNIYD
GILVMTAVRK

LSALLQSDDE
EQPGSSLASKN
FLLCFKLEFT
DNHMSTDDLF

LVGEDSDSEI
RILTLPQRTI
DEIISEIVKW
DRSLSMVYVS

SDHEVSEDDVQ
RGKNKHCWST
TNAEISLKRR
VMSRDREFDFL

w4

SDTEEAFIDE
SKSTRRSRVS
ESMTGATEFRD
TRCLRMDDKS

VHEVQPTSSG
ALNIVRSQRG
TNEDEIYAFF
IRPTLRENDV

(SEQ ID NO:
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FTPVRKIWDL
SGYKYMINGM
EPYKLTIVGT
DEDASINEST
SEITYSHNVS
PGTSDDSTEE

FIHQCIONYT
PYLGRGTQTN
VRSNKREIPE
GKPOMVMYYN
SKGEKVQSPK
PVMKKRTYCT

PGAHLTIDEQ
GVPLGEYYVK
VLKNSRSRPV
QTKGGVDTLD
KFMRNLYMSL
YCPSKIRRKA

LLGFRGRCPVF
ELSKPVHGSC
GTSMFCFDGP
QMCSVMTCSR

RMYIPNKPSK
RNITCDNWET
LTLVSYKPKP
KTNRWPMALL

TSSFMRKRLE APTLKRYLRD

NASCKKCKKV ICREHNIDMC

PCT/US2017/054799

YGIKILMMCD
STPLAKNLLQ
AKMVYLLSSC
YGMINIACIN
NISNILPNEV

QSCFEF (SEQ ID NO:

[011] In certain embodiments, the transposase enzyme is a piggyBac™ (PB) transposase
enzyvme that comprises or consists of an amino acid sequence having an amino acid
substitution at two or more of positions 30, 165, 282, or 538 of the sequence of SEQ 1D NO:
4. In certain embodiments, the transposase enzvme s a piggyBac™ (PB) transposase
enzyme that comprises or consists of an amino acid sequence having an amino acid
substitution at three or more of positions 30, 165, 282, or 338 of the sequence of SEQ ID NO:
4. In certain embodiments, the transposase enzyme is a piggyvBac™ (PB) transposase
enzyme that comprises or consists of an amino acid sequence having an amino acid
substitution at each of the following positions 34, 165, 282, and 538 of the sequence of SEQ
1D NO: 4. In certain embodiments, the amino acid substitution at position 30 of the sequence
of SEQ ID NO: 4 1s a substitution of a valine (V) for an isoleucine (I). In certain
embodiments, the amino acid substitution at position 165 of the sequence of SEQ ID NO: 4 1s
a substitution of a sering (S) for a glycine (G). In certain embodiments, the amino acid
substitution at position 282 of the sequence of SEQ ID NO: 4 1s a substitution of a valine (V)
for a methionine (M). In certain embodiments, the amino acid substitution at position 538 of
the sequence of SEQ ID NO: 4 1s a substitution of a lysine (K) for an asparagine ().

[012]  In certain embodiments of the methods of the disclosure, the transposase enzvme is
a Super piggyBac™ (SPB) transposase enzyme. In certain embodiments, the Super
piggvBac™ (SPB) transposase enzvmes of the disclosure may comprise or consist of the
amino acid sequence of the sequence of SEQ 1D NO: 4 wherein the amino acid substitution at
position 30 1s a substitution of a valine (V) for an 1soleucine (), the amino acid substitution at
position 163 1s a substitution of a serine (S) for a glycine (G), the amino acid substitution at
position 282 is a substitution of a valine (V) for a methionine (M), and the amino acid
substitution at position 538 is a substitution of a lysine (K) for an asparagine {N). In certain
embodiments, the Super piggyBac™ (SPB) transposase enzyme may comprise or consist of
an amino acid sequence at least 75%, 80%, 85%, 909, 95%, 99% or any percentage in

between identical to:
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MGSSLDDEHI
SEILDEQNVI
PTRMCRNIYD
GILVMTAVRK
FTPVRKIWDL
SGTKYMINGM
EPYKLTIVGT
DERASINEST
SFITIYSHNVS
PGTSDDSTEE

L3ALLQSDDE
EQPGSSLASN
PLLCFKLFFT
DNHMSTDDLF
FIHQCIONYT
PYLGRGTQTN
VRSNKREIPE
GKPOMVMYYN
SKGEKVQOSRK
PVMKKRTYCT

LVGEDSDSEV
RILTLPOQRTI
DEIISEIVKW
DRSLSMVYVS
PGAHLTIDEQ
GVPLGEYYVK
VLKNSRSRPV
QTKGGVDTLD
KFMRNLYMSL
YCPSKIRRKA

SDHAVSEDDVQ
RGKNKHCWST
TNAEISLKRR
VMSRDREDFL
LLGFRGRCPF
ELSKPVHGSC
GTSMFCFDGP
OMCSVMTCSR
TSSFMRKRLE
NASCKKCKKV

SDTEEAFIDE
SKSTRRSRVS
ESMTSATFRD
IRCLPMDDKS
RVYIPNKFESK
RNITCDNWET
LTLVSYKPKP
KTNRWPMALL
APTLKRYLRD
ICREHNIDMC

PCT/US2017/054799

VHEVQPTS35G
ALNIVR3QRG
TNEDEIYAFF
IRPTLRENDV
YGIKILMMCD
SIPLAKNLLY
AKMVYLLSSC
YGMINIACIN
NISNILPKEV

QSCF (SEQ ID NG:

{013] In certain embodiments of the methods of the disclosure, including those
embodiments wherein the transposase comprises the above-described mutations at positions
30, 165, 282 and/or 538, the piggyBac™ or Super piggyBac™ transposase enzyme may
further comprise an amino acid substitution at one or more of positions 3, 46, 82103, 119,
125, 177, 180, 185, 187, 200. 207, 209, 226, 235,240, 241, 243, 258,296,298, 311. 315,
319,327,328, 340,421,436, 456, 470, 486, 503, 552, 570 and 591 of the sequence of SEQ
ID NO: 4 or SEQ D NO: 5. In certain embodiments, including those embodiments wherein
the transposase comprises the above-described mutations at positions 30, 1635, 282 and/or
538. the piggyBac™ or Super piggyBac™ transposase enzyme may further comprise an
anuno acid substitution at one or more of positions 46, 119, 125, 177, 180, 185, 187, 200,
207,209, 226,235, 240,241, 243, 296, 298, 311, 315,319, 327, 328, 340, 421, 436, 456,
470, 485, 503, 552 and 570, In certain embodiments, the amino acid substitution at position 3
of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of an asparagine {N) for a scrine (S). In
certain embodiments, the amino acid substitution at position 46 of SEQ ID NO: 4 or SEQ ID
NO: 3 1s a substitution of a serine (S) for an alaning (A). In certain embodiments, the amino
acid substitution at position 46 of SEQ 1D NO: 4 or SEQ ID NO: 5 is a substitution of a
threonine (T) for an alanine {A). In certain embodiments, the amino acid substitution at
position 82 of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of a tryptophan (W) for an
isoleucine (I). In certain embodiments. the amino acid substitution at position 103 of SEQ 1D
NQO: 4 or SEQ ID NO: 5 is a substitution of a proline {P) for a scrine (S). In certain
embodiments, the amino acid substitution at position 119 of SEQ ID NO: 4 or SEQ ID NO: 5
is a substitution of a proline (P) for an arginine (R). fn certain embodiments, the amino acid
substitution at position 125 of SEQ 1D NO: 4 or SEQ ID NO: 5 is a substitution of an alanine

{A) a cysteine (). In certain embodiments, the amino acid substitution at position 125 of
-6 -
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SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution of a leucine (L) for a cysteine (C). In
certain embodiments, the amino acid substitution at position 177 of SEQ ID NO: 4 or SEQ
ID NO: 5 1s a substitution of a lysine (K) for a tvrosine (Y). In certain embodiments, the
amino acid substitution at position 177 of SEQ ID NO: 4 or SEQ 1D NO: 5 is a substitution
of a histidine (H) for a tvrosine (Y). In certain embodiments, the amino acid substitution at
position 180 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution of a leucine (L) for a
phenvialanine (F). In certain embodiments, the amino acid substitution at position 180 of
SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution of an isolcucine (1) for a phenylalanine (F).
n certain embodiments, the amino acid substitution at position 180 of SEQ ID NO: 4 or SEQ
ID NO: 5 1s a substitution of a valine (V} for a phenylalanine (F). In certain embodiments, the
amino acid substitution at position 185 of SEQ ID NO: 4 or SEQ 1D NO: 5 is a substitution
of a leucine (L) for a methionine (M). In certain embodiments, the amino acid substitution at
position 187 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution of a glycine (G) for an
alanine (A). In certain embodiments, the amino acid substitution at position 200 of SEQ 1D
NO: 4 or SEQ ID NO: 5 is a substitution of a tryptophan (W) for a phenyialanine (F).In
certain embodiments, the amino acid substitution at position 207 of SEQ ID NO: 4 or SEQ
{D NO: 5 15 a substitution of a prohine (P) for a valine (V). In certain embodiments. the anuno
acid substitution at position 209 of SEQ 1D NO: 4 or SEQ ID NQ: 5 is a substitution of a
phenvlalanine (F) for a valine (V). In certain embodiments, the amino acid substitution at
position 226 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution of a phenvlalanine (F) for a
methionine (M). In certain embodiments, the amino acid substitution at position 2335 of SEQ
ID NO: 4 or SEQ ID NO: 3 is a substitution of an arginine (R) for a leucine (L}. In certain
embodiments, the amino acid substitution at position 240 of SEQ ID NO: 4 or SEQ ID NO: 5
15 a substitution of a lysine (K) for a valine (V). In certain embodiments, the amino acid
substitutton at position 241 of SEQ ID NO: 4 or SEQ ID NO: S is a substitution of a leucine
(L) for a phenvlalanine (F). In certain embodiments, the amino acid substitution at position
243 of SEQ 1D NO: 4 or SEQ ID NO: S is a substitution of a lysine (K) for a proline (P). In
certain crmbodiments, the amino acid substitution at position 258 of SEQ ID NO: 4 or SEQ
ID NO: 5 is a substitution of a serine (S) for an asparagine (N). In certain embodiments. the
amino acid substitution at position 296 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution
of a tryptophan (W) for a leucine (L.). In certain embodiments, the amino acid substitution at
position 296 of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of a tvrosine (Y) fora

leucing (L). In certain embodiments, the amino acid substitution at position 296 of SEQ ID

~
7
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NO: 4 or SEQ ID NQ: 5 is a substitution of a phenvlalanine (F) for a leucine (L). In certain
embodiments, the amino acid substitution at position 298 of SEQ ID NO: 4 or SEQ ID NQO: 5
1s a substitution of a leucine (L) for a methiomine (M). In certain embodiments, the amino
acid substituticn at position 298 of SEQ 1D NO: 4 or SEQ ID NQO: 5 is a substitution of an
alanine (A) for a methionine (M). In certain embodiments, the amino acid substitution at
position 298 of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of a valine (V) for a
methionine (M). In certain embodiments, the amino acid substitution at posttion 311 of SEQ
ID NQ: 4 or SEQ ID NO: 5 is a substitution of an isolcucine (1) for a proline (P). In certain
embodiments, the amino acid substitution at position 311 of SEQ ID NO: 4 or SEQ ID NQO: 5
1s a substitution of a valine for a proline (P). In certain embodiments, the amino acid
substitution at position 315 of SEQ 1D NO: 4 or SEQ ID NQO: 5 is a substitution of a lysing
(K) for an arginine (R).In certain embodiments, the amino acid substitution at position 319 of
SEQ ID NO: 4 or SEQ ID NQO: 5 1s a substitution of a glycine (G) for a threonine (T). In
certain embodiments, the amino acid substitution at position 327 of SEQ ID NO: 4 or SEQ
ID NO: 5 is a substitution of an arginine (R} for a tyrosing (Y). In certain emboediments, the
amino acid substitution at position 328 of SEQ 11 NO: 4 or SEQ ID NO: 5 is a substitution
of a valine (V) for a tyrosine {Y). In certain embodiments, the amino acid substitution at
position 340 of SEQ ID NO: 4 or SEQ ID NO: 5 is a substituticn of a glycine () for a
cysteine (C). n certain embodiments, the amino acid substitution at position 340 of SEQ D
NQO: 4 or SEQ ID NO: 5 is a substitution of a leucine (L) for a cysteine (). In certain
embodiments, the amino acid substitution at position 421 of SEQ ID NO: 4 or SEQ ID NO: 5
is a substitution of a histidine (H) for the aspartic acid (D). In certain embodiments, the
amino acid substitution at position 436 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution
of an 1solcucine (1) for a valine (V). In certain embodiments, the amino acid substitution at
position 456 of SEQ ID NQO: 4 or SEQ ID NO: 5 is a substitution of a tyrosine (Y) for a
methionine (M). In certain embodiments, the amino acid substitution at position 470 of SEQ
ID NO: 4 or SEQ ID NQO: 5 1s a substitution of a phenylalanine (F) for a leucine (L). In
certain embodiments, the amino acid substitution at position 485 of SEQ ID NO: 4 or SEQ
ID NO: 5 is a substitution of a Iysine (K) for a serine (S). In certain embodiments, the amino
acid substitution at position 503 of SEQ ID NO: 4 or SEQ 1D NO: 5 is a substitution of a
leucine (L) for a methionine (M)}. In certam embodiments, the amuno acid substitution at
position 503 of SEQ ID NQO: 4 or SEQ ID NO: 5 is a substitution of an i1scleucine (I) for a

methionine (M). In certain embodiments, the amino acid substituticn at position 552 of SEQ
-8
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ID NO: 4 or SEQ 1D NO: 5 is a substitution of a lysine (K} for a valine (V). In certain
embodiments, the amino acid substitution at position 370 of SEQ ID NO: 4 or SEQ [D NO: 3
1s a substitution of a threonine (T) for an alanine (A). In certain embodiments, the amino acid
substitution at position 591 of SE(} 1D NO: 4 or SEQ ID NO: 5 is a substitution of a proline
(P) for a glutamune (Q). In certain embodiments, the amino acid substitution at position 591
of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of an arginine (R) for a glutamine (Q).
{014} In certain embodiments of the methods of the disclosure, including those
embodiments wherein the transposase comprises the above-described mutations at positions
30, 165, 282 and/or 538, the piggvBac™ transposase enzyme may comprise or the Super
piggyBac™ transposase enzyme may further comprise an amino acid substitution at one or
more of positions 103, 194, 372, 375, 450, 509 and 570 of the sequence of SEQ ID NO: 4 or
SEQ ID NQO: 5. In certain embodiments of the methods of the disclosure, including those
embodiments whercin the transposase comprises the above-described mutations at positions
30, 165, 282 and/or 538, the piggvBac™ transposase enzyme may comprise or the Super
piggyvBac™ transposase enzyme may further comprise an amino acid substitution at two,
three, four, five. six or more of positions 103, 194, 372, 375, 450, 509 and 570 of the
sequence of SEQ ID NO: 4 or SEQ ID NO: 3. In certain embodiments, including those
embodiments wherein the transposase comprises the above-described mutations at positions
30, 165, 282 and/or 538, the piggyBac™ transposasc enzyme may comprise or the Super
piggvBac™ transposase enzyme may further comprise an amino acid substitution at positions
103, 194, 372, 375, 450, 509 and 570 of the sequence of SEQ ID NG: 4 or SEQ ID NO: 5. In
certain embodiments, the amino acid substitution at position 103 of SEQ ID NQO: 4 or SEQ
ID NO: 5 is a substitution of a proline (P) for a serine (8). In certain embodiments. the amino
acid substitution at position 194 of SEQ ID NO: 4 or SEQ ID NO: 5 is a substitution of a
valine (V) for a methionine (M). In certain embodiments. the amino acid substitution at
position 372 of SEQ ID NQ: 4 or SEQ ID NO: 5 is a substituticn of an alanine (A) for an
arginine (R). In certain embodiments, the amino acid substitution at position 375 of SEQ ID
NO: 4 or SEQ ID NO: 5 is a substitution of an alanine (A) for a lysine (K). In certain
embodiments, the amino acid substitution at position 450 of SEQ ID NO: 4 or SEQ D NO: 5
is a substitution of an asparagine {N) for an aspartic acid (D). In certain embodiments, the
amuno acid substitution at position 509 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substitution
of a glvcine (G) for a serine (S). In certain embodiments, the amino acid substitution at

position 570 of SEQ ID NO: 4 or SEQ ID NO: 5 1s a substituticn of a serine (S) for an
-9.
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asparagine (N). In certain embodiments, the piggyvBac™ transposase enzyme may comprise a
substitution of a valine (V) for a methionine (M) at position 194 of SEQ ID NO: 4. In certain
embodiments, including those embodiments wherein the piggyBac™ transposase enzyme
may comprise a substitution of a valine (V) for a methionine (M) at position 194 of SEQ ID
NO: 4. the piggyBac™ transposase enzyme may further comprise an amino acid substitution
at positions 372, 375 and 450 of the sequence of SEQ ID NO: 4 or SEQ ID NO: 5. In certam
embodiments, the piggvBac™ transposase enzyme may comprise a substitition of a valine
(V) for a methionine (M) at position 194 of SEQ ID NO: 4, a substitution of an alanine (A)
for an arginine (R} at position 372 of SEQ 1D NO: 4, and a substitution of an alanine (A) for
a lysine (K) at position 375 of SEQ ID NO: 4. In certain embodiments, the piggyBac™
transposase enzyme may comprise a substitution of a valine (V) for a methionine (M) at
position 194 of SEQ ID NO: 4, a substitution of an alanine (A) for an arginine (R} at position
372 of SEQ ID NO: 4, a substitution of an alanine (A) for a lysine (K) at position 375 of SEQ
ID NO: 4 and a substitution of an asparagine {N) for an aspartic acid (D) at position 450 of
SEQID NO: 4.

{015] The disclosure provides a method of producing a modified stem memory T cell
(Tscm), comprising introducing into a primary human T cell (a) a transposon composition
comprising & transposon comprising an antigen receptor or a therapeutic protein and (b) a
transposase composition comprising a transposasc or a sequence encoding the transposase: to
produce a modified T cell, wherein the modified T cell expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscm), thereby producing a modified stem memory T cell
{Tscm). The disclosure provides a method of producing a plurality of modified stem memory
T cells (Tseam), comprising introducing into a plurality of primary human T cell (a) a
transposon cComposition COMprising a transposon COMprising an antigen receptor or a
therapeutic protein and (b) a transposase composition comprising a {ransposase or a seguence
encoding the transposase; to produce a plurality of modified T cells, wherein at least 2%. 5%,
10%, 159, 20%. 25%, 309, 35%, 40%, 45%, S0%, 60%, 65%, 70%. 75%, 80%, 85%, 90%,
95%, 99% or any percentage in between of the plurality of modified T cells expresses one or
more cell-surface marker(s) of a stem memory T cell (Tsen), thereby producing a plurality of
modified stem memory T cells (Tsea). In certain embodiments. the method produces a
plurality of moditied T cells, wherein at least 25% of the plurality of modified T cells
expresses one or more cell-surface marker(s) of a stem memory T cell (Tsewm), thereby

producing a plurality of modified stem memory T cells (Tscm). In certain embodiments, the
- 10 -
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method produces a piurality of modified T cells, wherein at lcast 50% of the plurality of
modified T cells expresses one or more cell-surface marker(s) of a stem memory T cell
(Tscw), thereby producing a plurality of modified stem memory T cells (Tsewm). In certain
embodiments, the method produces a plurality of modified T cells, wherein at least 60% of
the plurality of modified T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tsen), thereby producing a plurality of modified stem memory T cells
(Tscm). In certain embodiments, the method produces a plurality of modified T cells, wherein
at least 75% of the plurality of modificd T cells expresses one or more cell-surface marker(s)
of a stem memory T cell (Tsem), thereby producing a plurality of moditied stem memory T
cells (Tscn). In certain embodiments, the method produces a plurality of modified T cells,
wherein at least 80% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscn), thereby producing a plurality of modified stem
memory T cells (Tsea). In certain embodiments, the method produces a plurality of modified
T cells, wherein at least 85% of the plurality of modified T cells expresses one or more cell-
surface marker{s) of a stem memory T cell {Tsom), thereby producing a plurality of modified
stem memory T cells (Tsem). In certain embodiments, the method produces a plurality of
modified T cells, wherein at least 90% of the plurality of modified T cells expresses one or
more cell-surface marker(s) of a stem memory T cell {(Tsom), thereby producing a plurality of
modified stem memory T cells (Tscm). In certain embodiments, the method produces a
plurality of modified T cells, wherein at least 95% of the plurality of modified T cells
expresses one or more cefl-surface marker(s) of a stemn memory T cell (Tscw), thereby
producing a plurality of moditied stem memory T cells (Tsem). In certain embodiments, the
cell-surface markers comprise CD62L and CD45RA. In certain embodiments, the cell-
surface markers of the CAR-Tscum comprise one or more of CD62L, CD45RA, CD23, CCR7,
CD127, CD4SRO, CD95, CDOS and IL-2RP. In certain embodiments, the cell-surface
markers of the CAR-Tscm comprise one or more of CD45RA, CD9S, FL-2RB, CR7, and
CD62L. In certain embodiments of this method, the transposon is a Sleeping Beauty
transposon. In certain embodiments, and, in particular, those embodiments wherein the
transposon is a Sleeping Beauty transposon, the transposase 1s a Sleeping Beauty transposase
or a hyperactive Sleeping Beauty transposase (SB100X).
[316] In certain embodiments of the methods of the disclosure, the Sleeping Beauty
transposase enzyme comprises an amino acid sequence at least 75%, 80%., 85%, 90%, 95%.
99% or any percentage in between identical to:
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241

301

[017]

Beauty (SB100X) transposasc enzyme comprises an amino acid scquence at least 75%, 80%,

MGKSKEISQD
RRYLSPRDER
PLLONRHKEKA
TIPTVKHGGG
FOMDNDPKHT
HULCQEEWAK

LRKKIVDLHK
TLVREVQINP
RLRFATAHGD
SIMLWGCEAA
SKVVAKWLKD
IHPTYCGKLV

SGSSLGAISK
RTTAKDLVKM
KDRTFWRNVL
GGTGALHEKID
NKVKVLEWPS
EGYPKRLTQV

RLXVPRSSVQ
LEETGTKVSI
WSDETKIELF
GIMRKENYVD
QSPDLNPIEN
KQFKGNATKY

TIVRKYKHHG
STVKRVLYRH
GHNDHRYVW

ILKQELKTSV
LWAELKKRVR

{SEQ ID NO:

85%, 909, 95%, 99% or any percentage in between identical to:

ol
121
181
241

301

MGKSKEISQD
RRYLSPRDER

PLLONRHKEKA

TIPTVKHGGG
FOHDNDPKHT
HQOLCQEEWAK

LRKRIVDLHK
TLVRKVQINP
RLRFATAHGD
SIMLWGCEAA
SKVVAKWLKD
IHPNYCGKLV

[018] The disclosure provides

SGSSLGAISK
RTTAKDLVKM
KDRTFWRNVL
GGTGALHEKID
NKVKVLEWP &
EGYPKRLTQV

RLAVPRSSVQ
LEETGTKVSI
WSDETKIELF
GIMDAVQYVD
QSPDLNPIEN
KQFKGNATKY

TIVRKYKZHG
STVKRVLYRH
GHNDHRYVWR

PCT/US2017/054799

TTQPSYRSGR
NLKGRSARKK
KKGEACKPKN
RKLKLGRKWV
ARRPTNLTCL

~
[

In certain embodiments of the methods of the disclosure, the hyperactive Sleeping

TTQPSYRSGR
NLKGHSARKK
KKGEACKPKN

ILKQHLKTSV RKLKLGRKWV

LWAELKKRVR

{SEQ ID NO:

ARRPTNLTQL

74
Dle

a method of producing a modified stem memory T cell

(Tscm), comprising introducing into a primary hwman T cell (a) a transposon composition
comprising a transposon comprsing an antigen receptor or a therapeutic protein and (b) a
transposase composition comprising a transposase or a sequence encoding the transposase: to
produce a modified T cell, wherein the modified T cell expresses one or more cell-surface
marker(s} of a stem memory T cell (Tscm), thereby producing a modified stem memory T cell
(Tscem). The disclosure provides a method of producing a plurality of modificd stem memory
T cells (Tscn), comprising introducing into a plurality of primary human T cell (a} a
transposon composition comprising a transposon comprising an antigen receptor and (b} a
transposasc composition comprising a transposasc or a secquence cncoding the transposase: to
produce a plurality of modified T cells, wherein at least 2%, 5%, 10%, 15%, 20%, 25%, 30%.
35%, 40%, 45%, 50%, 60%, 65%, 70%, 75%, 80%, 835%, 909, 95%, 99% or any percentage
in between of the plurality of modified T cells expresses one or more cell-surtface marker(s)
of a stem memory T cell (Tsem). thereby producing a plurality of modified stern memory T
cells (Tsem). In certain embodiments, the method produces a plurality of modified T cells,
wherein at least 25% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsowm), thereby producing a plurality of modified stem
memory T cells {Tscm). In certain embodiments, the method produces a plurality of modified
T cells, wherein at least 50% of the plurality of modified T cells expresses one or more cell-
surface marker{s} of a stem memory T cell {Tscom), thereby producing a plurality of modified
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stem memory T cells (Tsewm). In certain embodiments, the method produces a plurality of
modified T cells, wherein at least 60% of the plurality of modified T cells expresses one or
more cell-surface marker(s) of a stem memory T cell ( Tsom). thereby producing a plurality of
modified stem memory T cells (Tsov}. In certain embodiments, the method produces a
plurality of modified T cells, wherein at Ieast 75% of the plurality of modified T cells
expresses one or more cell-surface marker(s) of'a stem memory T cell (Tscw), thereby
producing a plurality of modified stem memory T cells (Tsom). In certain embodiments, the
method produces a plurality of modificd T cells, wherein at least 80% of the plurality of
modified T cells cxpresses onc or more cell-surface marker(s) of a stem memory T cell
(Tscwm), thereby producing a plurality of modified stem memory T cells (Tscwm). In certain
embodiments, the method produces a plurality of modified T cells. wherein at least 85% of
the plurality of modified T cells expresses onc or more cell-surface marker(s) of a stem
memory T cell (Tsenm), thereby producing a plurality of modified stem memory T cells
{Tscm). In certain embodiments, the method produces a plurality of modified T cells, wherein
at least 90% of the plurality of modified T cells expresses one or more cell-surtace marker(s)
of a stem memory T cell (Tscem). thereby producing a plurality of modified sterm memory T
cells (Fsem). In certain embodiments, the method produces a plurality of modified T cells,
wherein at least 95% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsem), thereby producing a plurality of modified stem
memory T cells (Tsean). In certain embodiments, the cell-surface markers comprise CD62L
and CB45RA. In certamn embodiments, the cell-surface markers of the CAR-Tscy comprise
one or more of CD62L, CD43RA, CD28, CCR7. CDI127, CD45R0O, CD93, CD95 and IL-
2RB. In certain embodiments, the cell-surface markers of the CAR-Tsom comprise one or
morc of CB45RA, CD95, IL-2RB, CR7, and CD62L. In certain embodiments of this method,
the transposon is a Helraiser transposon. In certain embodiments. and, in particular, those
embodiments wherein the transposon is a Helraiser transposon, the transposase is a Helitron
transposasc.
{019] In certain embodiments of the methods of the disclosure, the transposase is a Helitron
transposase. Helitron transposases mobilize the Helraiser transposon, an ancient clement
from the bat genome that was active about 30 to 36 mullion vears ago. An exemplary
Helraiser transposon of the disclosure includes Helibatl, which comprises a nucleic acid
sequence comprising:

1 TCCTATATAA TAAAAGAGAA ACATGCAAAT TGACCATCCC TCCGCTACGC TCAAGCCACG
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481
541
601
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2101
z2lel
2221
2281
2341
2401

CCCACCAGCC
GCATACGCAG
GCTGGCCCCG
CGCCAGCAGA
GAGCAGGAGG
TCCCTCTGTC
GTCCCACCCC
ACAGCTAGGA
TCTAAAGAAC
CAGAAAATGT
AATGTATCTG
CATCGACAGA
CLACAGARTA
CTTCTCAGTA
ACTGTTCGAT

1 AAATTTACTC
. TACCCGGCAT

GAARATATTC
TCGCCATCAG
GGAACTTTAC
ACAGCCGAAG
CTCATGATCA
ATGCTACATG
ACAGAAGTAA
CCCCGTGTAA
AGGGACTTGC
CAAATCAGTA
GGTGAAAAAG
AATAATACTA
CTCTCTGTGC
ATTGTGGATT
TCTAAGTTGA
AATGACAATG

L AGAAATATGC

CGCTGGCAAA
AATGCTCTTT
CATGTCATTG
AGTGAGYTCCA
GATGAAGACC

AATCAGAAGT
GTGTCAAGCG
GGAGGCGAGG
GAGCAGAGCG
CCGCTGGACA
ACCCCAGCTT
CACAGAATCA
CTCTCATTCA
AACTGTTGAT
CTGCAGAGCA
AAGAGCAGCT
AAATGTCTAA
TGTCTAGAGA
AAARTGGAGT
GTGAATTTTG
GATGTTGTAG
ATTTAARRAG
GTTCCATAAA
GATATGGGCC
ATCCTTCGGA
CTACAAGTAA
ACATCAACAA
AGGTAGAAAA
CAATGGCGAT
CCGAGGTTGC
TCATTCATTG
TCCTGTTTCC
GCTGGGGARAC
GACAAAATGT
GGGACACGTT
CATATTCAAA
GAGTTGAAAA
TGCCGATTGG
AGCAGCGATA
TARCCATGAC
AAGTTGAAAR
TAAATGATAT
AATTTCAGAA
AATTACGTTC
AGTGTCCTCG

GACTATGCAA
CCCCAGGAGG
CCGGCCGCGC
GGAGAGCGGG
TAGAGCAGAG
CCTCATCACA
GCCAGAATCA
CCTGTZATCTC
ACAACGTAGC
ACGTGCGTCT
ACTGGAAALA
AGACCARCGT
ACAGTCATCA
ACATGAGGAT
CCTATCACTA
CAAAGGGAAA
ATTAATGACA
TAGTTCTTTT
ATACTGTTTT
TGGTGTTTCT
ANGATTAGCA
CCTCATGCAT
GGAAGCCTAA
TAAATACGAT
TGTCATATTC
TAAACCAGAT
TACATTAGAT
AGATATTGCA
AAGGACACGA
CAATCCTATT
ARTGGAGGCC
ATATAGTGGT
TAAAATGATA
TCAGGATGCT
ATGCARCCCC
CAGACCTGAC
ATGTARATTC
ACGCGGACTG
AGRAGATGAC
ACTTTTTCAA

ATTAACCCAA
CAACGGCGGC
CTAGCCACAC
CGGAGAGCGG
CGAGAGAGAG
GCTGTGGAAA
GCCGTTGGTC
AGACCGTGAC
TCTGCAGCCG
GATCTTGAAA
CGTCGCTCTG
GCCTTTGAAG
ACAAGTACTA
GCAATTCTCG
ARTTTCTCTG
GTCTGTCCAA
AACGAAGATT
GCTTTTGCTT
AGAATACACG
CGGAAGTTTG
ATGCCAGAAA
GAMANTAAATG
TCTGAAGCAG
CGTAACAGTG
AGAAACGAAG
CCCAATAATC
GCAATGACAT
TTAAGACTCA
GTCACACAAA
TTAAATGCAG
AATCGGATAA
TTGATGGATT
ATACTTCCAT
ATGGCAATTG
ALATGGGCAG
TTGGTAGCCA
CATTTATTTG
CCTCACGCTC
ATTGACCGTA
ATTGTARAAAT
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CAAAGATGGC
CGCGGGCTCC
CCGCGGGCTC
GAGGTTTGGA
GGTGGCTTGG
CTGACAGCAG
AGACAGCTCT
AGTAGAGAGG
ARAGATGCCG
GAAGGCGGCG
AAGCCGAAAA
TTGAAAGAAG
CCAATACCGG
AACATAGTTG
ATGAAAAACC
ATGATATACA
CTGACAGTAA
CCATGGGTGC
GACAAGTTTA
CTCAACTCTA
ACCAGGGCTG
AATTARCAAA
CAGCAAAAGG
ACCCAGGTAG
ATGGAGAACC
CAAATGCCAC
ATCCTATTCT
GAGACAACAG
TGCAGTATTA
GAAAATTAAC
ATTTCATCAA
ATCTCAAATC
CATCTTTTGA
TAACGRAGTA
ATATTACARAN
GAGTTTTTAA
GCAAAGTAAT
ACATATTATT
TAGTTAAGGC
CARATATGGT

PCT/US2017/054799

AGTTAAATTT
CAGGACCTTC
CCGGGACCTT
GGACTTGGCA
AGGGCGTGGC
GGAGGAGGAA
CAGCGGCCTG
TGGGACTATG
GCGTTATCGA
CCTGCAACAG
ACAGCGGCGT
GCGGTGGCGA
TAGGAACTGC
TGGTGGAATG
ATCCGATGGG
TTTTCCAGAT
AAATTTCATG
AAATATTGCA
TCACCGTACT
TATTTTGGAT
CTCAGAAAGA
ATCGTACARG
TATTGCTCCC
ATATAATTCT
TCCTTTTGAA
TAAAAT GAAA
TTTTCCACAT
TGTAATCGAC
TGGATTTCAT
TCAACAGTTT
AGCAAACCAA
TAGATCTGAA
GGGTAGTCCC
TGGCAAGCCC

TATTAAGCTG
AGCTAAAATT
GATATTAGAT
AGAAATTCCA
ACATGGACCA
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4141
4201
4261

321
4381
4441
4501
4561
4621
4681
4741
4801

TGTGGAATAC
CCAAAAGRAT
AGATCTGGTA
TATAACCCGT
ATTAAAAGTG
CAAATTTCTG
TATGTGAGCG
CATGCAATCA
GATGATTTTG
TTCTTATTGA
CATTATGTGT
GGTAGACTGT
CTGCATGTAA
GATACATTTC
GATACGATTG
TATATATGTG
CATTTTATTG
GAAATGCATG
CATTTCAAAC
GAGCAACAAC
CAGACTATAA
GGTCCAGGTG
CGTGGTGGTA
GGAAGAACCT
AGACTCGATA
GATGAATGCA
ATTATGAATT
CAATGTCTCA
TACTGTAATG
GATTCTGCTT
CATTTAGGAA
GAAGCTACCT
ATTCTTTGTC
GATGGAGATT
AAGGAARATT
AAATTARAAT
GGTCTTTGTA
GAAGTATTAA
CCATCTGACA
TTTGCGATGA

AAANT CCAAA
TTCAAAATGC
GCACCATGTC
ATTTGTGCCT
TCAAATATTT
ANPARAATAT
CTCCTGAGGC
CAAGATTAGC
CTGAAGTTTT
ATAGAGAAGA
TTAATAATTC
TCACTGTGAG
AAGGTGCGAT
ATGRAGCTGC
ACGATGCAAT
TGTTTGGATG
AAGATTTCTG
CCCTTAARCGA
TTCCGGACTA
AGGCAGAGGT
CTTCAGCCAT
GTAGTGGAAA
CTGTTTTACC
TTCATTCCCA
TARAGAGTGA
CCATGGCATC
TGAATGTTGC
GTATTGTACC
TTTGGGGATG
ATAGTGAATG
TGGATATTAT
TTGGARATAG
CAARAAATGA
TTCACACATA
TTCCCATCGA
TGAAAGTGGG
ATGGTACTAG
CAGGATCTGC
CTGGCCTCCC
CTATTAATAA

TAGTCCATGT
GACCATTGGA
TATTGGRAAT
TAAATATAAC
ATTTARATAC
TATCAATCAT
TGTTTGGAGA
TATTCATTTG
AGATAGGGCT
TTCTGATGCA
TTTGTGGACA
CTTTAGAGAA
AAGTTTTGAG
TAAACACCGA
CATCCTTAAT
TCCTTCTGCT
TTGGAAATTA
AATTCAGGAG
TCCTTTATTA
TTTGATAAAT
CGAAGATCAA
AACATATCTG
CACAGCATCT
ATATAARTTA
AGTTGCTAAA
CAGTCATGCT
ATTTGGTGGG
ACATGCTATG
TTTCAGAAAG
GTTAGTAARLA
TGAAATCCCC
TATATCTATA
GCATGTTCAA
TTTGAGTGAT
ATTTCTTAAT
TGCAATCATC
ATTTATTATC
AGAGGGAGAG
ATTTAAATTA
ATCACAAGGA

ATGGAAAATG
AATATTGATG
AAAGTTGTCG
TGTCATATAA
ATCTATAALG
GACGAAGTAC
CTTTTTGCAA
CCAAATGATC
AARAGGCATA
CGTAATTATT
AAACGCCGAA
CCAGAACGAT
GATCTGCGAA
GGATTATTAC
ATGCCCAARC
GCAGACAAAT
CACCGAAGAG
GTATTCACAT
ATGAATGCAA
TCTCTGAATG
ACTGTACACC
TATAAAGTTT
ACAGGAATTG
CCAATTCCAT
ACCATTAARA
ATAAACGCCA
APAGTTCTCC
CGATCGGCCA
TTGTCTCTTA
CTTGGAGATG
CATGAAATGA
GATAATATTA
AARTTAAATG
GATTCCATTG
AGTATTACTC
ATGCTATTGA
APAAGATTAC
GTTGTTCTGA
ATTCGAARGAC
CAAACTCTAG

-15-

GAAAATGTTC
GATATCCCAA
ATAACACTTG
ATGTTGAAGT
GGCACGATTG
AGGACTTCAT
TGCGAATGCA
AGAATTTGTA
ACTCGACTTT
ATTATTGGGA
AGGGTGGGAA
ATTACCTTAG
CTGTAGGAGG
TTGATGACAC
AACTACGGCA
TATGGGATGA
AAGGTGCCTG
TGCATGGAAT
ATACATGTGA
ATGAACAGTT
CCAAATGCTT
TAACACATTA
CTGCAAATTT
TAAATGAAAC
AGGCCCAACT
TAGATAGATT
TTCTCGGAGG
TAGTACAAAC
ARMCAAATAT
GCAAACTTGA
TTTGTAACGG
AAANTATATC
AAGAAATTTT
ATTCAACAGA
CTTCGGGAAT
GAAATCTTAA
GACCTAACAT
TTCCAAGAAT
AGTTTCCCGT
ACAGAGTAGG

PCT/US2017/054799

ARAGGGATAT
ATACAAACGA
GATTGTCCCT
CTGTGCATCA
TGCAAATATT
TGACTCCAGG
TGACCAATCT
TTTTCATACC
GATGGCTTGG
GATTCCACAG
TAAAGTATTA
ACTTTTGCTT
TGTAACTTAT
TATCTGGARA
ACTTTTTGCA
GAATAAATCT
TGTGAACTGT
GAAATGTTCA
TCAATTGTAC
GGCAGCCTTT
TTTCTTGGAT
TATTAGAGGT
ACTTCTTGGT
TTCAATTTCT
TCTCATTATT
ACTAAGAGAA
GGATTTTCGA
GAGTTTAAAG
GAGATCAGAG
TAGCAGTTTT
ATCTATTATT
TAAACGTGCA

GGATATACTT
TGATGCTGAA
GCCGTGTCAT
TAGTAAATGG
TATCGAAGCT
TGATTTGTCC
GATGCCAGCA
AATATTCCTA
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CCTGAACCCG
TGTGACGTTA
GAAAGTGTTT
TATCAGTCAT
TGTCTTTGTT
TTTTCATATA
CAAATAGCAA

TTTTCGCACA
AAGTTAAAGT
TTACTCTTAA
TGTTTGCATC
GTTGTTATAT
CATTTTACTC
TATTAAAATA

TGGTCAGTTA
TGTAAATACT
TGTGGTATAC
AATGTTGTTT
CATGTTGTTA
ATTTCCTTTC
TTTCCTCTAA

TATGTTGCTT
TCATCACAAG
AGGGAGATAT
TTATATCATG
TTGTTTATTT
ATCTCTCACA
TTAATTCCCT

TCTCTCGAGT
GGAAATTAGT
TAGAATAAGT
TTTTTGTTGT
ATTAATAAAT
CTTCTATTAT
TTCAATGTGC

PCT/US2017/054799

TCGAAGAGCA
CAMAGCACTC

TTAATCACTT
TTTTATATCA
TTATGTATTA
AGAGAAAGGG
ACGAATTTCG

1 TGCACCGGGC
[020]

CACTAG {SEQ ID NO: 27} .
Unlike other transposases, the Helitron transposase does not contain an RNase-H like
catalytic domain, but instead comprises a RepHel motif made up of a replication initiator

domain (Rep) and a DNA helicase domain. The Rep domain 1s a nucleasc domain of the

HUH superfamily of nucleases.

[021]

An exemplary Helitron transposase of the disclosure comtprises an aming acid

sequence comprising:

[1sN
fox)
=

[ )N N ]
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MSKEQLLIQR
PHROQKMSKDQ
MTVRCEFCLS

L MENIRSINSS

DTAEATSKRL
PTEVTMAIKY
KQISILFPTL

. HLSVRDTFENP

ENDNVPIGKM
QRWOKVENRP
DSESKLRSED
YPKEFONATI
SIKSVKYLFK
SHAITRLAIH
QHYVFEFNNS LW
YDTFHEAAKH
SHFIEDFCWK
YEQOQAEVLI
GRGGTVLPTA
IDECTMASSH
KYCNVWGCFEFR
IEATFGNSIS
EKENFPIEFL
AEVLTGSAEG

SSAAERCRRY
RAFEVERRRW
LNFSDEKPSD
FAFASMGANI
AMPENQGCSE
DRNSDPGPRYN
DAMTYPILEP
ILNAGKLTQQ
IILPSSFEGS
DLVARVFNIK
DIDRIVKAEI
GNIDGYPKYK
YIYKGHDCAN
LPNDONLYFH
TKRRKGGNKV
RGLLLDDTIW
LHRREGACVN
NSLNDEQLAA
STGIAANLLL
AINAIDRLLR
KLSLKTNMRS
IDNIKNISKR
NSITPSGMPC
EVVLIPRIDL

ROKMSAEQRA
RRONMSREQS
GKFTRCCSKG
ASP3GYGPYC
RLMININNLM
SPRVTEVAVI
HGEKGWGTDI
FIVDSYSKME
PRNMQQRYQD
LNALLNDICK
PDEDQCPRLF
RRSGSTMSIG
IQISEKNIIN
TDDFAEVLDR
LGRLFTVSFR
KDTIDDAIIL
CEMHALNEIQ
FOTITSAIED
GGRTFHASQYK
EIMNLNVAFG
EDSAYSEWLV
AILCPKNEHV
HKLKLKVGAI
SPSDTGLPFK

SDLERRRRLQ
STSTTNTGRN
KVCPNDIHFP
FRIHGQVYHR
HEINELTKSY
FRNEDGEPPF
ALRLRDNSVI
ANRINFIKAN
AMAIVTKYGK
FALFGKVIAK
QIVKSNMVHG
NKVVDNTWIV
HDEVQDFIDS
AKRHNSTLMA
EPERYYLRLL
NMPKQLRCLF
EVFTLHGMKC
QTVHPKCFFL
LPIPLNETSI
GRVLLLGGDF
KLGDGKLDSS
QKLNEEILDI
IMLLRNLNSK
LIRRQFPVMP
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ONVSEEQLLE
CLL3KNGVHE
DYPAYLKRLM
TGTLHPSDGV
KMLHEVEKEA
ERDLLIHCKP
DNNTRONVAT
QSKLRVEKYS
PDLFITMTCN
IHVIEFQKRG
PCGIQONPNSP
PYNPYLCLKY
RYVSAPEAVW
WFLLNREDSD
LLHVKGAISF
AYICVFGCPS
SHFKLPDYPL
DGPGGSGKTY
SRLDIKSEVA
ROCLSIVPHA
FHLGMDIIEI
LDGDFHTYLS
WGLCNGTRFI
AFAMTINKSO

KRRSEAEKQR
DAILEHSCGG
TNEDSDSKNF
SRKFAQLYIL:
CSEAAAKGIA
DPNNPNATKM
RVTQMQOYYGF
GLMDYLKSRS
PKWADITNNL
LPHAHILLIL
CMENGKCSKG
NCHINVEVCA
RLEAMRM=DOQ

PNYYYWEIPR
EDLRTVGGVT
AADKLWDENK
LMNANTCDQL
LYKVLTHYIR
KTIKKAQLLT
MRSAIVQTSL
PAEMICNGSI
DDSIDSTDDA
IKRLRPNIIE

GQTLDRVGIFE
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1441 LPEPVFAHMGQ LYVAFSRVRR ACDVKVKVVN TSSQGKLVKH SESVFTLNVV YREILE (SEQID
NO: 28).

{022] In Helitron transpositions, a hairpin close to the 3 end of the transposon functions as
a terminator. However, this hairpin can be bypassed by the transposase, resulting in the
transduction of flanking sequences. In addition, Helraiser transposition gencrates covalently
closed circular intermediates. Furthermore, Helitron transpositions can lack target site
duplications. In the Helraiser sequence, the transposase 1s flanked by left and right terminal
sequences termed LTS and RTS. These sequences terminate with a conserved 5™-TC/CTAG-
37 motif. A 19 bp palindromic scquence with the potential to form the hairpin termination
structure 1s located 1 nucleotides upstream of the RTS and consists of the sequence
GTGCACGAATTTCGTGCACCGGGCCACTAG {SEQ 1D NG: 29).

{023] The disclosure provides a method of producing a modified stem memory T cell
(Tscny, comprising introducing into a primary human T cell (a) a transposon composition
comprising a transposon comprising an antigen receptor or a therapeutic protein and (b) a
transposase composition comprising a transposase or a sequence encoding the transposase; to
produce a modified T cell, wherein the modified T cell expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscen), thereby producing a modified stem memory T cell
(Tsem). The disclosure provides a method of producing a plurality of modified stem memory
T cells (Tsem), comprising introducing into a plurality of primary human T cell (a) a
transposon composition comprising a transposon comprising an antigen receptor and (b) a
transposasc composition comprising a transposasc or a sequence encoding the transposase; to
produce a plurality of modified T cells, wherein at least 2%, 5%, 10%, 13%, 20%, 25%, 30%,
35%, 40%, 45%, 509, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or any percentage
in between of the plurality of modified T cells expresses one or more celi-surface marker(s)
of a stem memory T cell (Tsewm), thereby producing a plurality of modified stem memory T
cells (Tscm). In certain embodiments, the method produces a plurality of modified T cells,
wherein at least 25% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscm). thereby producing a plurality of modified stem
memory T cells {Tsem). In certain embodiments, the method produces a plurality of modified
T cells, wherein at least 30% of the plurality of modified T cells expresses one or more cell-
surface marker(s) of a stem memory T cell (Tsowm), thereby producing a plurality of modified
stem memory T cells (Tsem). In certain embodiments, the method produces a plurality of
modified T cells, wherein at least 60% of the plurality of modified T cells expresses one or
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more cell-surface marker(s) of a stem memory T cell (Tscwm). thereby producing a plurality of
moditied stem memory T cells (Tsca). In certain embodiments, the method produces a
plarality of modified T cells, wherein at least 75% of the plurality of modified T cells
expresses ong or more cell-surface marker(s) of a stem memory T cell (Tscwm). thereby
producing a plurality of modified stem memory T cells {(Tsca). Tn certain cmbodiments, the
method produces a plurality of modified T cells, wherein at least 8§09 of the plurality of
modified T cells expresses one or more cell-surface marker(s) of a stemn memory T cell
(Tscm). thereby producing a plurality of modified stem memory T cells (Tsem). fn certain
embodiments, the method produces a plurality of modified T cells, wherein at least 85% of
the plurality of modified T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tscwm), thereby producing a plurality of modified stem memory T cells
(Tscm). In certain embodiments, the method produces a plurality of modified T cells, wherein
at least 909 of the plurality of modified T cells expresses one or more cell-surface marker(s)
of a stem memory T cell (Tscwm), thereby producing a plurality of modified stem memory T
cells (Tsom). In certain embodiments, the method produces a plurality of modified T cells,
wherein at lcast 95% of the plurality of modificd T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscum), thereby producing a plurality of modified stem
memory T cells (Tsem). In certain embodiments, the celi-surface markers comprise CD62L
and CD45RA. In certain embodiments, the cell-surface markers of the CAR-Tscm comprise
one or more of CD62L, CD45RA, CD28, CCR7, CD127, CD45RG, CDY35, CD9S and 1L~
2RB. In certain embodiments, the cell-surface markers of the CAR-Tsca comprise one or
more of CD45RA, CD95, 1L-2RB. CR7, and CD62L. In certain embodiments of this method,
the transposon is a Tol2 transposon. In certain embodiments, including those ecmbodiments
wherem the transposon is a Toi2 transposon, the transposase is a Tol2 transposase.

{024} In certain embodiments of the methods of the disclosure. the transposase is a Tol2
transposase. Tol2 transposons may be isolated or derived from the genome of the medaka
fish, and may be similar to transposons of the hAT family. Exemplary Tol2 transposons of
the disclosure are encoded by a sequence comprising about 4.7 kilobases and contain a gene
encoding the Tol2 transposase, which contains four exons. An exemplary Tol2 transposase of

the disclosure comprises an amino acid sequence comprising the following:

1 MEEVCDSSAA ASSTVONQPQ DQEHPWPYLR EFFSLSGVNK DSFKMKCVLC LPLNKEISAF
61 KSSPSNLRKH TIERMHPNYLK NYSKLTAQKR KIGTSTHASS SKQLKVDSVE PVKHVSPVTV
121 NKATLRYIIQ GLHPFSTVDL PSFKELISTL QPGISVITRP TLRSKTAEAA LIMKQKVTAA
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181
241
301
361
421
4381
541

6

01

[025]

MSEVEWIATT
DIHSEYEIRD
VEFQDASRVL
ALWNKSSRSA
LEVPMENPAE
RYCDPLVDA

PLDAKKELAN

NTPLPASAAC

TDCWTARRKS
KVVCTTTDSG
DODDGFEFQL
LAAEAVESES
MLELTEWANT
QOGICTREKH
SSSDDEDFFA

ERLFSTAGLL

FIGVTARWIN
SNFMKAFRVE
PKHQKCACHL
RLOLLRPNQT
MREFVAKVLDI
MFEDPEIIAA

SLKPTTHEAS

FSPKRARLDT

PGSLERHSAA
GVENNDIETE
LNLVSSVDAQ
RWNSTFEFMAVD
LOAETNTQLG
AILLPKFRTS

KELDGYLACV

NNFENQLLLK

LACKRLMGSH
ARRCESDDTD
KALSNEHYKK
RILQICKEAG
WLLPSVIHQLS
WTNDETIIKR
SDTRESLLTF

LNLRFYNFE {SEQ ID NO: 30).

PCT/US2017/054799

TFEVLASAMN
SEGCGEGSDG
LYRSVFGKCQ
EGALRNICTS
LKLOQRLHHSL
GMDYIRVHLE
PATICSLSIKT

An exemplary Tol2 transposon of the disclosure, including inverted repeats,

subterminal sequences and the Tol2 transposase, is encoded by a nucleic acid sequence

comprising the folowing:

6l
121
181
241
301
361
421
481

K=

&)

601
661
721
781
841
801
961l
1021
1881
1141
1201
1261
1321
1381
1441
1501
1561
1621

CAGAGGTGTA
GGATTTTTAC
TTTTTYTTAGA
TTATYTTITG
CGCTGATGCC
TATATGAAAT
TTACCACAAT
GAAGAARATG
GCCACAGGAT
AAATAAAGAT
GGCCTTCAAA
TTTGTTTTAC
GACGTTGATG
GACAATATAA
CCACGGGAAA
TGTGTTTGAA
TGTATTGTCA
TTAAATAACC
AATAGAAARTA
ANCAAGATAT
AGTTCATGTT
ACTAATGTAA
AATATAATCA
TCAACAAGTA
GGTTAGTTCA
GCCCGTAAGA
GAGCTTTCTG

AATAAAAACA

AAGTACTTGA
TTTACTTGAG
ANAAAAAGTA
GAGATCACTT
CAGTTTAATT
TGGTCAGACA
GCACAGCACC
GAGGAAGTAT
CAAGAGCACC
TCATTCAAGA
AGTTCGCCAT
TGATAGTTTT
GCGCGCCTTT
GGCTCACGTA
TTTGGCGCCT
TTCATGCAAA
AAACGGTAAC
ATGAGCAATA
CAGATGTTCA

AACTAATGTA
TGAAATCAAT
GAPATAARAT
TTTAACATTA
CCCAAAANTG
CCTCCGTTCA
TGCCTCCATT
TCARAGTAGT

GTAATTTTAC
TACAATTAAR
CTTTTTACTC
CATTCTATTT
TARATGTTAT
TGTTCATTGG
TTGACCTGGA
GTGATTCATC
CGTGGCCGTA
TGAAATGTGT

CAAACCTAAG

TATATGTGTA
ATAAAATGCT
ATTGCAGCTT
ACACAAGARA
ACTTTACAAT

~pmm
Call

TGTTA

TTGTTTGTTC
TAAATGTTGA
GTTAACTAAC
TCACCCTGTC
TAATGTTTGA
TAAAGTGTGC
AARATAATGT
TCTTCAGAAC
GAGAATGTAT
CCATGTGACA

TTGATTACTG
AATCAATACT
CTTACAATTT
TCCCTTGCTA
TTATTCTGCC
TCCTTTGGAA
AATTAGGGAA
AGCAGCTGCG
TCTTCGCGAA
CCTCTGTCTC

GAAGCATATT

GTAGGCCTAT
AAAATGCATT
TGAATARTCA
ACCAAGCGAG
GAGGTTGATT
TGTATCTGTT
ATGTTAGTTC
AATTAACATG
GAACCTTATT
ATGTCAGCCT
TTGTCACTAA
AARTTGGCTGC
CATTAATGAC
ACAGTTTAAG
GTACGGTATA
TCAGTGGGTT

- 19 -

TACTTAAGTA
TTTACTTTTA

ATTTACAGT
TTACCAAACT
TATGAAAATC
GTGACGTCAT
ATTATAACAG
AGCAGCACAG
TTCTTTTCTT
CCGCTTAATA
GAGGTAAGTA
TTTTTGGGTG
TTTCACTAAT
TGTAATTGGT
TTATCATTCC
ARATTTTTTT
AGTTCATGTA
AATCTTTGTT
ACAGTGCATT
TATACGTGCA
GTAAAAGTGT
TACAGTCCTG
ATGCTACTGT
ARATGTCAGT
TCGCCCTCAT
ATATTTTAGA
CTGTCCATGT
AGTTAGAATT

TTATTTTTGG
CTTAATTACA
CAAAARNGTAC
AATTGAATTG
GTTTTCACAT
GTCACATCTA
TCAATCAGTG
TCCAAAATCA
AAGTGGTGT
AAGAAATATC
CATTAAGTAT
TGCATGTTTT
GCATGCGATT
AACGTTAGGT
GTGCTCTCAT
CCARACATGT
TTAACTAACA
AACGTTAGTT
AACTAATGTT
GTTCATTATT
TACCATCARA
TGTTTTTGTC
ATTTCTARAA
TTTATTAAA
GTCGTTCCAA
TTTAGTCCGA
CCAGAAAGGT
TTTTGAAGCA
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1681
1741
1501
1861l
1221
128%
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2241
3001
3061
3121

TCGAATACAT
TTCCGGGTC

AGTCGTAGGT
CTAACCCACT
AGTATACCGT
ATCTTAAACT
GAGTCATTAA
GAGTGTATGT
ACAGAGAATG
GATCGGGACC
AGTCAAACAT
ACTTCATCCT
GCCTGGCATT
GATCATGRAA
GGATTGTTGG
TGGAAGTCTT
TTTTGAGGTA
GGTTGTTTGC
TGTGGAAAAC
TGAAGGCTGT
CCARAGACGAT
TAACCTAGTC
CTACAGATC

AGCAGCTGAA
GTGGAATTCA
AGGCGCACTT
TATCGATGTA
CCTGTAGGTT
CAGTTGCAAA
TGCCTAGTGT
GTGACCCACT
AAGATCCTGA
ATGATGARAAC
TAATCTGGGC
TTTTAGGAAT
ATTCTTGCAG
ATATGTGGTT
GATGTAGATG
CAGAAGCCCC
ACATCAGAGT

TTTGGTCCAA
GTTGTCAATC
TTTGTTATTT
GATGTCACAT
ACATACATTT
GTGTTCCGAA
TGACATCTTT
GTAATTGTTA
CACCCAAATT
TCCACCCATG
GTGTCTCCAG
TTCAGCACTG
TCTGTCATTA
CAGAAAGTGA
ACTGCACGTA
GAPAGACATT
CTGGCCAGTG
ACAACCACAG
AATGATATCG
GGTGAGGGAA
GGCTTCGAAT
TCAAGCGTTG
GTCTTTGGCA
GCTGTTGAAT
ACTTTTATGG
CGGAATATAT
AACAAATGTG
TAATCCAGC

AGTACTCGAC
CCATCAGTTA
TGTGGATGCC
GATCATAGCA
CATCATAAAA
AACCTTTGAG
GTTATATCCC
CAGGTTGTAG
TGGAAATGCA
ACTGCACGTA
TCAACCARAAC

GCATCTGGAG

AAATAACAAA
CGCGTTCACG
TTGGACCAAA
GGACTACTTT
TCAGTGGAGG
GATGAACGGA
TCATTTTTGG
CATTTATTGC
ACCTCAAADA
CTTCCAGCAG
TCACTGTGAA
TTGATCTGCC
CAAGGCCTAC
CTGCTGCCAT
GARAGTCATT
CCGCTGCACT
CCATGAATGA
ACAGTGGTTC
AGACTGAGGC
GTGATGGTGT
TCCAGCTACC
ATGCCCAAAA
AATGCCRAGC
CAGAAAGCCG
CTGTTGACAG
GCACCTCTCT
GGTTGTTTTT
GAARATGCTGT
ATCTTGCAAG
AGCTTGAARC
CTACAACAAG
GCTGCCATCC
CGAGGTAAAT
CCATACCAAA
ATCTTTGGCT
TTATCCCTCA
GTTAGATTTT
AATGTAGTTA
TTTTCTTTGT
CCTTTGGACC

ACCTACGACT
ACTTCGCAGT
ATGTATTTTC
GATGTTTTTA
GACAGAAAGC
GGTGTTACGG
GTGAACTAAC
ATACAATATA
CTACTCTAAA
TAAGCAACTG
CARAGCTATA
ATCATTTAAA
TTTACGCTCC
GAGTGAAGTT
CATTGGTGTA
TGCCTGCARLA
TATCCACTCA
CAACTTTATG
AAGAAGGTGT
GGAATTCCAA
AARACATCAA
AGCTCTCTCA
TTTATGGAAT
GCTTCAGCTT
ARTTCTTCARA
TGAGGTTCCA
GTTTAATACT
TCTTGACAGA
CGGAARACGAA
TTCAGCGACT
GAATCCAAAC
TTCTCCCTAA
GAATGCAAGC
ATTATTCTTT
GTGATCTCARA
GTGTTTCTTG
ATGCTAAAAT
ATGACARAAT
GTCTGCTCAC
ACAAGAAGGA

-20 -

TTATTCGGCA
GACGCTACAA
GATGCTTCAA
TTACCTTTCT
TCTCGGACTA
GCTTGGAAC

CCTTTAATGC
AATATTTATT
TTGACAGCAC
AEAGTTGACT
TTAAGGTACA
GAGCTGATTA
AAGATAGCTG
GAATGGATTG
ACTGCTCACT
AGATTAATGG
GAGTATGAAA
AAGGCTTTCA
GARAGTGATG
GATGCCTCAC
AAGTGTGCCT
AATGAACACT
AAAAGCAGCC
TTAAGGCCAA
ATTTGCAAAG
ATGTAAGTGT
CTTTGATTAT
GTGGGCCAAC
TACACAGCTG
CCACCATTCT
ACGATTCAAG
ATTTCGGACC
AACATACACT
TATTTATTTA
TATGAATATT
ARACCAAACT
AAGGGATTTG
CCATAAAATT
TGTGCTTGTA
ATTGGCCAAC

PCT/US2017/054799

TTGTATTCTC
TGCTGAATAA
ATAATTCTAC
GGACATGGAC
AATCTAAMRAT
ACATGAGGGT
TGTAATCAGA
TGTTGTTTTT
AGAAGAGAAA
CAGTTTTCCC
TCATTCAAGG
GTACACTGC

AAGCTGCTCT
CAACCACAAC
GGATCAACCC
GCTCTCATAC
TACGTGACAA
GAGTTTTTGG
ACACTGATTC
GAGTCCTGGA
GTCACTTACT
ACAAGAAAC

GATCGGCTC

ACCAAACGCG
AAGCAGGAGA
TTTTCCCCTC
GCTGATTTCT
ACAATGCGTC
GGGTGGCTGC
CTCAGGTACT
CATATGTTTG
TCTTGGACAA
TGACGAATTC
TTTTTGCACT
GATGTAAAGT
CATATGTATC
CATGATTTTA
TGTTCCCAGT
GGCATGGACT
AGTTCATCTG
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4081
4141
4201
4:61
4321
4381
4441
4501
4561
4621

ATGATGAAGA
ATGGATATCT
GCAGCCTCTC
TCAGCACTGC
AGAATCAGCT
CATTAGATTG
AACCTTGTAT
GTTTTCTTTC
CTTTTTTACT
ATTTTCCCTA

TTTTTTCGCT
GGCCTGTGTT
TATCAAGACT
AGGATTGCTT
TCTACTGAAG
TCTGTCTTAT
GCATTTCATT
TTGCTTTTAC
TTTACTCAAG
AGTACTTGTA

TCTTTGAAAC
TCAGACACCA
AATACACCTC
TTCAGCCCCA
TTAAATCTGA
AGTTTGATAA
TAATGTTTTT
TTTTACTTCC
TAAGATTCTA
CTTTCACTTG

CGACAACACA
GGGAGTCTCT
TTCCCGCATC
ABAGAGCTAG
GGTTTTACAA
TTAAATACLAA
TGAGATTAAA
TTAATACTCA
GCCAGATACT
AGTARAATTT

TGAAGCCAGC
GCTCACGTTT
GGCTGCCTGT
GCTTGACACT
CTTTGAGTAG
ACAGTTCTAA
AGCTTAAACA
AGTACAATTT
TTTACTTTTA

TTGAGTACTT

PCT/US2017/054799

AARNGAGTTGG
CCTGCTATTT
GAGAGGCTTT
ARCAATTTTG
CGTGTACTGG
AGCAGGATAA
AGAATCTCTA
TAATGGAGTA
ATTGAGTARA
TTTACACCTC

4631 TG {(SEQ ID
{026}

NQO: 31).

The disclosure provides a method of producing a moditfied central memory T-cell
(Tem), comprising introducing into a primary human T cell (a) a transposon composition
comprising a transposon comprsing an antigen receptor or a therapeutic protein and (b) a
transposase composition comprising a transposase or a sequence encoding the transposase; to
produce a modified T cell. wherein the moditied T cell expresses one or more cell-surface
marker{s) of a central memory T-cell (Tea), thereby producing a modified central memory T-
cell (Tem). The disclosure provides a method of producing a plurality of modified central
memory T-cells (Tes), comprising introducing into a plurality of primary human T cell (a) a
transposon composition comprising a transposon comprising an antigen recepter and (b) a
transposase composition comprising a transposase or a sequence encoding the transposase; to
produce a plurality of modified T cells, wherein at least 2%. 5%, 10%, 13%, 20%, 25%, 30%,
35%, 40%, 45%. 50%, 60%. 65%. T0%, 75%, 80%. 85%, 90%, 95%. 99% or any percentage
in between of the plurality of modified T cells expresses one or more cell-surface marker(s)
of a central memory T-cell (Tewm), thereby producing a plurality of modified central memory
T-cells (Tewm). In certain embodiments, the method produces a plurality of modified T cells,
wherein at lcast 25% of the plurality of modificd T cells expresses one or more cell-surface
marker(s) of central memory T-cell (Tem), thereby producing a plurality of modified central
memory T-cells (Tom). In certain embodiments, the method produces a plurality of modified
T cells, wherein at least 50% of the plurality of modified T cells expresses one or more cell-
surface marker{s) of central memory T-cell (Tea), thereby producing a plurality of modified
central memory T-cells (Tem). In certain embodiments, the method produces a plurality of
modified T cells. wherein at least 60% of the plurality of modified T cells expresses one or

more cell-surface marker(s) of central memory T-cell {Tem), thereby producing a plurality of
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modified central memory T-cells (Tesm). In certain embodiments, the method produces a
plurality of moditied T cells, wherein at least 75% of the plurality of modified T cells
expresses one or more cell-surface marker(s) of central memory T-cell (Ton), thereby
producing a plurality of modified central memory T-cells (Tewm). In certain embodiments, the
mcthod produces a plurality of modified T cells. wherein at least 8096 of the plurality of
modified T cells expresses one or more cell-surface marker(s) of central memory T-cell
(Tcnm). thereby producing a plurality of modified central memory T-cells (Tenm). In certain
embodiments, the method produces a plurality of modificd T cells, wherein at lcast 85% of
the plurality of modified T cells expresses one or more cell-surface marker(s) of central
memory T-cell (Tem), thereby producing a plurality of modified central memory T-cells
(Tcw). In certain embodiments. the method produces a plurality of modified T cells, wherein
at least 90% of the plurality of modified T cells expresses one or more cell-surface marker(s)
of central memory T-cell (Teu), thereby producing a plurality of modified central memory T-
cells (Towm). In certain embodiments, the method produces a plurality of modified T cells.
wherein at lcast 95% of the plurality of modified T cells expresses one or more cell-surface
marker(s) of central memory T-cell (Tewn), thereby producing a plurality of modified central
memory T-cells {Tom). In certain embodiments, the cell-surface markers comprise one or
more of CD45RO. CDYS, 1L-2RB, CCR7, and CD62L.. In certain embodiments of this
mcthod. the transposon is a plasmid DNA transposon with a sequence encoding the antigen
receptor or the therapeutic protein is flanked by two cis-regulatory insulator elements. In
certain emnbodiments, the transposon is a piggyBac transposon. In certain embodiments, and,
in particular, those embodiments wherein the transposon is a piggy Bac transposon, the
transposasc is a piggvBac™ or a Super piggyvBac™ (SPB) transposase. In certain
embodiments of this method, the transposon s a Sleeping Beauty transposon. In certain
embodiments, and, in particular, those embodiments wherein the transposon is a Sleeping
Beauty transposon, the transposasc is a Sleeping Beauty transposase or a hyperactive
Sleeping Beauty transposase (SB100X). In certain embodiments of this method, the
transposon is a Helraiser transposon. In certain embodiments, and, in particular, those
cmbodiments wherein the transposon is a Helraiser transposon, the transposase is a Helitron
transposase. In certain embodiments of this method. the transposon is a Tol2 transposon. In
certain embodiments. including those embodiments wherein the transposon is a Tol2

transposon, the transposase is a Tol2 transposase.
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{027] The disclosure provides a method of producing a composition comprising a plurality
of modified stem memory T-cells {Tscm) and a plurality of modified central memory T-cells
(Tcwm), comprising introducing into a plurality of primary human T cell (a) a transposon
composition comprising a transposon comprising an antigen receptor or a therapeutic protein
and (b) a transposasc composition comprising a transposase or a sequence encoding the
transposase; to produce a composition comprising a plurality of modified Tscem and a
plurahity of modified Tem, wherein the plurality of modified Tscy expresses one or more
CD62L, CD45RA. CD28, CCR7, CD127. CD45R0O, CD95. CDY935 and IL-2Rp and the
plurality of modified Tem expresses one or more CD43R0O, CDOS, [L-2RB, CCR7, and
CD62L, thereby producing a composition comprising a plurality of modified Tsem and a
plurality of modified Tcwm. In certain embodiments of this method, the modified stem memory
T-cclls (Tsem) comprise at least 1%, 2%. 5%, 7%. 10%, 15%, 20%. 25%, 30%, 35%. 40%,
45%, 50%, 55%, 60%, 65%., T0%., 75%, 80%, 85%, 90%, 95%, 97%, 99% or any percentage
of cells in between of the total number of cells of the composition. In certain embodiments of
this method, the modified central memory T-cells (Tem) comprise at least 1%, 2%. 5%, 7%.
25%. 30%, 35%, 40%. 45%, 50%, 55%. 60%, 65%, 70%. 75%, 80%, 85%.
90%, 95%, 7%, 99% or any percentage of cells in between of the total number of cells of
the composition. fn certain embodiments of this method. the modified stem memory T-cells
(Tsenm) comprise at least 10% of the total number of cells of the composition and the
modified central memory T-cells (Tem) comprise at least 90% of the total number of cells of
the composition. In certain embodiments of this method, the modified stermn memory T-cells
{Tscm) comprise at least 90% of the total number of cells of the composition and the
modificd central memory T-cells (Tea) comprise at least 10% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscm) comprise at least 20% of the total number of cells of the composition and the
modified central memory T-cells (Tem) comprise at least 80% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
{Tscm) comprise at least 80% of the total number of cells of the composition and the
modified central memory T-cells (Tes) comprise at least 20% of the total number of cells of
the composition. In certain embodiments of this mcthod, the modified stem memory T-cells
(Tscm) comprise at least 30% of the total number of cells of the composition and the
modified central memory T-cells (Tcn) comprise at least 70% of the total number of cells of

the composition. fn certain embodiments of this method. the modified stem memory T-cells
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{T'scm) comprise at least 70% of the total number of cells of the composition and the
modified central memory T-cells (Tem) comprise at least 3096 of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscm) comprise at least 40% of the total number of cells of the composition and the
modified central memory T-cells {Tem) comprise at least 60% of the total number of cells of
the composition. In certain embodiments of this method, the modificd stem memory T-cells
{Tscm) comprise at least 60% of the total number of cells of the composition and the
modificed central memory T-cells (Tea) comprise at least 40% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscv) comprise at least 50% of the total nember of cells of the composition and the
modified central memory T-cells (Tem} comprise at least 50% of the total number of cells of
the composition. In certain ecmbodiments of this method, the transposon is a plasmid DNA
transposon with a sequence encoding the antigen receptor or the therapeutic protein is
flanked by two cis-regulatory insulator elements. In certain embodiments, the transposon is a
piggyBac transposon. In certain embodiments, and, in particular, thosc embodiments wherein
the transposon is a piggyBac transposon, the transposasce is a piggyvBac™ or a Super
piggvBac™ (SPB) transposase. In certain embodiments of this method, the transposon is a
Sleeping Beauty transposon. In certain embodiments, and, in particular, those embodiments
wherein the transposon is a Sleeping Beauty transposon, the transposase is a Sleeping Beauty
transposase or a hyperactive Sleeping Beauty transposase {(SB100X). In certain embodiments
of this method, the transposon is a Helraiser transposon. In certain embodiments, and, in
particular, those embodiments wherein the transposon is a Helraiser transposon, the
transposase is a Helitron transposasc. In certain embodiments of this method, the transposon
1s a Tol2 transposon. In certain embodiments, including those embodiments wherein the
transposon is a Tol2 transposon, the transposase is a Toi2 transposase.

{028] In certain embodiments of the methods of the disclosure, the transposon may be
dertved or recombined from any species. Altermnatively, or in addition, the transposon may be
synthetc.

{029] In certain embodiments of the methods of the disclosure, the antigen receptoris a T-
cell receptor. In certain embodiments, the T-cell receptor is naturallv-occurring. In certain
embodiments, the T-cell receptor is not naturally-occurring. In certain embodiments, and, in
particular, those embodiments wherein the T-cell receptor is not naturallv-occurring, the T-

cell receptor comprises one or more mutation(s) compared to a wild-type T-cell receptor. In
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certain embodiments, and, in particular, those embodiments wherein the T-cell receptor is not
naturallv-occurring, the T-cell receptor i1s a recombinant T-cell receptor. In certain
embodiments of this method, the antigen receptor 1s a Chumeric Antigen Receptor (CAR). In
certain embodiments, the CAR is a CARTvrin. In certain embodiments, the CAR comprises
ong or more VHH sequence(s). In certain embodiments, the CAR is a VCAR.

{036] In certain embodiments of the methods of the disclosure, including those wherein the
method comprises introducing into a primary human T cell (a) a transposon composition
comprising a transposon comprising an antigen receptor and (b) a transposasc composition
comprising a transposase or a sequence encoding the transposase, the methods turther
comprise introducing into a primary human T cell {(¢) a second transposon composition
comprising a transposon comprising a therapeutic protein, to produce a modified T cell,
wherein the modified T cell is capable of expressing the therapeutic protein. fn certain
embodiments, the therapeutic protein is a secretable protein and the method produces a
modified T cell capable of secreting the therapeutic protein. In certain embodiments, the
transposase composition of (b) transposes the transposon of (a} and the transposon of {(¢). In
certain embodiments, this methods further comprises introducing into the primary human T
cell (d) a second transposase composition comprising a {ransposase or a sequence encoding
the transposase. In ¢ertain embodiments, the sccond transposase composition transposes the
transposon of {c}. In certain embodiments, the transposase composition of (b} transposes the
transposon of (a) and the transposase composition of {d) transposes the transposon of (¢). In
certain embodiments of this method, the transposon is a plasmid DNA transposon with a
sequence encoding the antigen receptor or the therapeutic protein flanked by two cis-
regulatory insulator elements. In certain embodiments, the transposon is a piggvBac
transposon. In certain embodiments, and. in particular, those embodiments wherein the
transposon is a piggyBac transposon, the transposase is a piggyBac™ or a Super piggvBac™
(SPB) transposase. In certain embodiments ot this method, the transposon is a Sleeping
Beauty transposon. In certain embodiments, and. in particular, those cmbodiments wherein
the transposon is a Sleeping Beauty transposon, the transposase is a Sleeping Beauty
transposase or a hyperactive Sleeping Beauty transposase {(SB100X). In certain embodiments
of this method, the transposon is a Helraiser transposon. In certain embodiments, and. in
particular, those embodiments wherein the transposon is a Helraiser transposon, the

transposase 1s a Helitron transposase. In certain embodiments of this method, the transposon
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1s a Tol2 transposon. In certain embodiments, including those embodiments whercein the
transposon 1s a Tol2 transposon, the transposase is a Tol2 transposase.

{031]  The disclosure provides a method of producing a modified stem memory T cell
(Tscm), comprising: (a) introducing into a primary human T cell a composition comprising an
antigen receptor to produce a modified T cell, wherein the antigen receptor or the therapeutic
protein 1s not contained in a transposon, and (b} contacting the modified T-cell and a T-cell
activator composition comprising one or more of an anti-hurmnan CB3 monospecific
tetrameric antibody complex, an anti-human CD28 monospecific tetrameric antibodv
complex and an activation supplement to produce an activated moditied T-cell, wherein the
activated modified T-cell expresses one or more cell-surface marker(s) of a stem memory T
cell (Tsom). thereby producing a modified stem memory T cell {Tsom). The disclosure
provides a method of producing a plurality of modified stem memory T cells (Tsem),
comprising: {a} introducing into a plurality of primary human T cclls a composition
comprising an antigen receptor to produce a plurality of modified T cells, wherein the antigen
receptor or the therapeutic protein is not contained in a transposon. and (b) contacting the
plurality of modificd T-cells and a T-cell activator composition comprising onc or more of an
anti-human CD3 monospecific tetrameric antibody complex, an anti-human CD28
monospecific tetrameric antibody complex and an activation supplement to produce a
plurality of activated modificd T-cells. wherein at least 2%, S%. 10%, 15%, 20%, 25%, 30%,
33%, 409, 45%. 30%, 6%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 99% or any percentage
in between of the plurality of activated modified T cells expresses one or more cell-surface
marker(s} of a stem memory T cell (Tsom). thereby producing a plurality of activated
modified stem memory T cells (Tsem). In certain embodiments. the method produces a
plurality of activated modified T cells, wherein at least 25% of the plurality of activated
modified T cells expresses one or more cell-surface marker(s) of a stem memorv T cell
(Tsem), thereby producing a plurality of activated modified stem memory T cells (Tsem). In
certain embodiments, the method produces a plurality of activated modified T cells, wherein
at least 509 of the plurality of activated modified T cells expresses one or more cell-surface
marker(s} of a stem memory T cell (Tsom). thereby producing a plurality of activated
modified stem memory T cells {Tsem). In certain embodiments, the method produces a
plurality of activated modified T cells, wherein at least 60% of the plurality of activated
modified T cells expresses one or more cell-surface marker(s) of a stem memorv T cell

(Tscm), thereby producing a plurality of activated modified stem memory T cells (Tsen). In
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certain embodiments, the method produces a plurality of activated modified T cells. wherein
at least 75% of the plurality of activated modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsenm), thereby producing a plurality of activated
modified stem memory T cells (Tsem). In certain embodiments, the method produces a
plurality of activated modificd T cells, wherein at Icast 80% of the plurality of activated
modified T cells expresses one or more cell-surface marker(s) of a stem memory T cell
(Tscm), thereby producing a plarality of activated modified stem memory T cells (Tsenm). In
certain embodiments, the method produces a plurality of activated modified T cells. wherein
at least 85% of the plurality of activated modified T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsen), thereby producing a plurality of activated
modified stem memory T cells (Tsem). In certain embodiments, the method produces a
plurality of activated modified T cells. wherein at least 90% of the plurality of activated
modified T cells expresses one or more cell-surface marker(s) of a stem memory T cell
{Tscm), thereby producing a plurality of activated modified stem memory T cells (Tscm). In
certain embodiments, the method produces a plurality of activated modified T cells. wherein
at least 95% of the plurality of activated modificd T cells expresses once or more cell-surface
marker(s) of a stem memory T cell (Tsom), thereby producing a plurahity of activated
modified stem memory T cells (Tsenm). In certain embodiments, the cell-surface markers
comprise CD62L. and CD45RA. In certain embodiments. the cell-surface markers ot the
activated modified Tscnm comprise one or more of CD62L., CD45RA, CD28, CCR7, CD127,
CD45R0, CD935, CD95 and IL-2RJ. In certain embodiments, the cell-surface markers of the
activated modified Tscv comprise one or more of CB45RA, CD95, IL-2RB. CR7, and
CD62L.

{032] In certain embodiments of the methods of the disclosure of producing a modified
stem memory T cell (Tscem), comprising: (a) introducing into a pnmary human T cell a
composition comprising an antigen receptor to produce a modified T cell. wherein the
antigen receptor or the therapeutic protein 1s not contained in a transposon, and (b) contacting
the modified T-cell and a T-cell activator composition comprising one or more of an anti-
human D3 monospecific tetrameric antibody complex, an anti-human CP28 monospecific
tetrameric antibody complex and an activation supplement to produce an activated modified
T-cell. the T-cell activator composition of (b) further comprises an anti-human CD2
monospecific tetrameric antibody complex. In certain embodiments. this method further

comprises the step of {c) contacting the activated modificd T-cell and a T-cell expansion
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composition comprising one or more of human serum albumin, recombinant human insulin,
human transferrin, 2-Mercaptoethanol, Iscove’s MDM, and an expansion supplement to
produce a plurality of expanded modified T-cells, wheren at least 2% of the plurality of
expanded modified T-cells expresses one or more cell-surface marker(s) of a stem memory T
cell (Tsem). In certain embodiments of this method. at least 2%. 5%, 10%. 15%, 20%, 25%.
30%, 35%, 40%, 45%, 50%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 95%, 99% or any
percentage in between of the plurality of expanded modified T-cells expresses cell-surface
marker(s) of a stem memory T cell (Tscm). In certain embodiments of this method. at least
60% of the plurality of expanded moditicd T-cells expresses cell-surface marker(s) of a stem
memory T cell (Tscwm). In certain embodiments, this method further compnses the step of (d)
enriching the plurality of expanded modified T-cells to produce a composition comprising at
least 2%, 5%. 10%, 15%, 20%. 25%, 30%, 35%. 40%, 45%, 50%. 60%, 65%, 70%. 75%,
R0%, 85%, 90%, 95%, 99% or any percentage in between of modified T-cells that express
cell-surface marker(s} of a stem memory T cell (Tscm). In certain embodiments, this method
further comprises the step of {d) enriching the plurality of expanded modified T-cells to
produce a composition comprising at least 60% of modified T-cells that express cell-surface
marker(s) of a stem memory T cell (Tsem). In certain embodiments ot this method. the
enriching step comprises isolating modified T-cefls that express ong or more cell-surface
marker(s) of a stem memorv T cell (Tsem) from the plurality of enriched modified T-cells. In
certain embodiments of this method. the enriching step further comprises contacting the
isolated modified Tscnm and a T-cell expansion composition comprising one or more of
human serum albumin, recombinant human insulin. human transterrin, 2-Mercaptoethanol.
Iscove’s MDM, and an cxpansion supplement to produce a plurality of expanded enriched
modified Tscm. In certain embodiments ot this method, the T-cell expansion composition
further comprises one or more of octanoic acid, nicotinamide. 2,47 9-tetramethyl-5-decvn-
4.7-diol (TMDD). ditsopropvl adipate {DIPA), n-butyl-benzenesulfonamide, 1,2-
benzenedicarboxylic acid. bis(2-methylpropyl) ester, palmitic acid, linoleic acid, oleic acid,
stearic acid hvdrazide, oleamide, a sterol and an alkane. In certain embodiments of this
method, the T-cell expansion composition further comprises one or more ot octanoic acid,
palmitic acid. Iinoleic acid. oleic acid and a sterol. In certain embodiments of this method. the
T-cell expansion composition further comprises one or more of octanoic acid at a
concentration of between 0.9 mgig to 90 mg/kg, inclusive of the endpoints; palmitic acid at

a concentration of between 0.2 mg/kg to 20 mg/ke, inclusive of the endpoints; linoleic acid at
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a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints: oleic acid at a
concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a
concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the endpoints. In certain
embodiments of this method, the T-cell expansion composition further comprises one or
more of octanoic acid at a concentration of about 9 mg/kg, palmitic acid at a concentration of
about 2 mg/kg, linoleic acid at a concentration of about 2 mg/kg, oleic acid at a concentration
of about 2 mg/kg and a sterol at a concentration of about 1 mg/kg. In certain embodiments of
this method, the T-cell expansion composition turther comprises onc or more of octanoic acid
at a concentration of between 6.4 umol/kg and 640 umol/kg, inclusive of the endpoints;
palmitic acid at a concentration of between 0.7 umol/kg and 70 umol/kg, inclusive of the
endpoints; linoleic acid at a concentration of between 0.75 umol/kg and 75 pmol/kg,
inclusive of the endpoints: oleic acid at a concentration of between 0.75 umol/kg and 75
umol/kg, mnclusive of the endpoints; and a sterol at a concentration of between 0.23 pmol/kg
and 25 umol/kg, inclusive of the endpoints. In certain embodiments of this method, the T-cell
expansion composition further comprises on¢ or more of octanoic acid at a concentration of
about 64 pmol/kg. palmitic acid at a concentration of about 7 umol/kg, linoleic acid at a
concentration of about 7.5 umolikg, oleic acid at a concentration of about 7.5 umol/kg and a
sterol at a concentration of about 2.5 umol/kg.

{033 The disclosure provides a method of producing a modified central memory T-cell
(Tew), comprising: (a) introducing into a primary human T cell a composition comprising an
antigen receptor to produce a modified T cell, wherein the antigen receptor or the therapeutic
protein is not contained in a transposon, and {b} contacting the modified T-cell and a T-cell
activator composition comprising one or more of an anti-human CD3 monospecific
tetrameric antibody complex, an anti-human CD2§ monospecific tetrameric antibody
complex and an activation supplement to produce an activated modified T-cell, wherein the
activated modified T-cell expresses one or more cell-surtace marker(s) of a central memory
T-cell (Tem). thereby producing a central memory T-cell (Tem). The disclosure provides a
method of producing a plurality of modified central memory T-cell (Tom), comprising: (a)
introducing into a plurality of primary human T cells a composition comprising an antigen
receptor to produce a plurality of modified T cells, wherein the antigen receptor or the
therapeutic protein is not contained in a transposon, and (b) contacting the plurality of
modified T-cells and a T-cell activator composition comprising ong or more of an anti-human

CD3 monospecific tetrameric antibody complex, an anti-human CD28 monospecific
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tetrameric antibodv complex and an activation supplement to produce a plurality of activated
modified T-cells, wherein at least 2%, 5%, 10%, 15%, 20%, 25%. 30%, 35%, 40%, 45%,
50%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or anv percentage 1n between of the
plurality of activated modified T cells expresses one or more cell-surface marker(s) of a
central memory T-cell (Tem), thereby producing a plurality of activated modified central
memory T-cell (Ten). In certain embodiments, the method produces a plurality of activated
modified T cells, wherein at least 25% of the plurality of activated modified T cells
expresses onc or more cell-surtace marker(s) of a central memory T cell (Tewm), thereby
producing a plurality of activated modified central memory T cell (Tem). In certain
embodiments, the method produces a plurality of activated modified T cells, wherein at least
50% of the plurality of activated modified T cells expresses onc or more cell-surface
marker(s) of a central memory T cell (Tewm). thereby producing a plurality of activated
modified central memory T cell (Teu). In certain embodiments, the method produces a
plurality of activated modified T cells, wherein at least 60% of the plurality of activated
modified T cells expresses once or more cell-surface marker(s) of a central memory T cell
(T, thereby producing a plurality of activated modified central memory T cell (Tew). In
certain embodiments, the method produces a plurahity of activated modified T cells, wherein
at least 75% of the plurality of activated modified T cells expresses one or more cell-surface
marker(s) of a central memory T cell (Tewm). thereby producing a plurality of activated
modified central memory T cell (Teu). In certain embodiments, the method produces a
plurality of activated modified T cells, wherein at least 80% of the plurality of activated
modified T cells expresses once or more ¢cell-surface marker(s) of a central memory T cell
(T, thereby producing a plurality of activated modified central memory T ccll (Tew). In
certain embodiments, the method produces a plurahity of activated modified T cells, wherein
at least 85% of the plurality of activated modified T cells expresses one or more celi-surface
marker(s) of a central memory T cell (Tcwm). thereby producing a plurality of activated
modified central memory T cell (Teu). In certain embodiments, the method produces a
plurality of activated modified T cells, wherein at least 90% of the plurality of activated
modified T cells expresses once or more ¢cell-surface marker(s) of a central memory T cell
(T, thereby producing a plurality of activated modified central memory T cell (Tew). In
certain embodiments, the method produces a plurahity of activated modified T cells, wherein
at least 95% of the plurality of activated modified T cells expresses one or more cell-surface

marker(s) of a central memory T cell (Tcwm). thereby producing a plurality of activated
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modified central memory T cell (Tewm). In certain embodiments, the cell-surface markers of
the activated modified Tem comprise one or more of CD43RO. CD9S, IL-2Rp, CCR7, and
CDo62L.

{034] In certain embodiments of the methods of the disclosure of producing a modified
central memory T cell (Tem). comprising: (a) introducing into a primary human T cell a
composition comprising an antigen receptor to produce a modified T cell, wherein the
antigen receptor or the therapeutic protein is not contained in a transposon, and {(b) contacting
the modified T-cell and a F-cell activator composition comprising onc or more of an anti-
human CD3 monospecific tetrameric antibody complex, an anti-human CD28 monospecific
tetrameric antibody complex and an activation supplement to produce an activated modified
T-cell, the T-cell activator composition of (b) further comprises an anti-human D2
monospecific tetrameric antibody complex. In certain embodiments, this method further
comprises the step of (¢} contacting the activated moditicd T-cell and a T-cell expansion
composition comprising ong or more of human serum albumin, recombinant human insulin,
human transfernin, 2-Mgercaptoethanol, Iscove’s MDM, and an expansion supplement to
produce a plurality of expanded modified T-cells, wherein at lcast 2% of the plurality of
expanded modified T-cells expresses one or more cell-surface marker(s) of a central memory
T cell (Tem). In certain embodiments of this method. at least 2%, 5%, 10%. 153%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 60%, 65%, 70%, 753%., 80%, 85%, 90%. 95%, 99% or any
percentage in between of the plurality of expanded modified T-cells expresses cell-surface
marker(s) of a central memory T cell {Tcwm). In certain embodiments of this method, at least
60% of the plurality of expanded modified T-cells expresses cell-surface marker(s) of a
central memory T cell (Tom). In certain embodiments, this method further comprises the step
of (d) enriching the plurality of expanded modified T-cells to produce a composition
comprising at least 2%, 5%, 10%, 15%, 20%. 25%, 30%, 35%, 40%, 45%, 50%, 60%., 65%,
70%, 75%, 80%. 85%, 90%, 95%. 99% or any percentage in between of modified T-cells that
express cell-surface marker(s) of a central memory T cell (Tem). In certain embodiments, this
method further comprises the step of (d} enriching the plurality of expanded modified T-cells
to produce a composition comprising at least 60% of modified T-cells that express cell-
surface marker(s) of a central memory T cell (Tea). In certain embodiments of this method,
the ennching step comprises isolating moditied T-cells that express one or more cell-surface
marker(s) of a central memory T cell (Tea) from the plurality of enriched modified T-cells.

In certain embodiments of this method, the enriching step further comprises contacting the
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isolated modified Tem and a T-cell cxpansion composition comprising one or more of human
serum albumin, recombinant human msulin, human transfernin, 2-Mercaptoethanol, Iscove’s
MDM, and an expansion supplement to produce a plurality of expanded enriched modified
Tewm. In certain embodiments of this method, the T-cell expansion composition further
compriscs ong or more of octanoic acid, nicotinamide, 2,4,7 9-tetramethyvi-5-decyn-4,7-diol
(TMDD), diisopropyl adipate (DIPA), n-butyl-benzenesulfonanude, 1,2-benzenedicarboxylic
acid, bis(2-methvipropvl} ester, palmitic acid. linoleic acid, oleic acid, stearic acid hvdrazide,
olcamide, a sterol and an alkanc. In certain embodiments of this method, the T-ccll expansion
composition further comprises one or more of octanoic acid, palmitic acid, linoleic acid, oleic
acid and a sterol. In certain embodiments of this method, the T-cell expansion composition
further comprises one or more of octanoic acid at a concentration of between 0.9 mg/kg to 90
mg/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.2 mg/kg to
20 mg/kg, inclusive of the endpoints; linoleic acid at a concentration of between 0.2 mg/kg to
20 mg/kg, inclusive of the endpoints; oleic acid at a concentration of (0.2 mg/kg to 20 mg/kg,
inclusive of the endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg.
inclusive of the endpoints. In certain embodiments of this method, the T-cell expansion
composition further comprises one or more of octanoic acid at a concentration of about 9
mg/kg, palmitic acid at a concentration of about 2 mg/kg. linoleic acid at a concentration of
about 2 mg/kg, oleic acid at a concentration of about 2 mg/kg and a sterol at a concentration
of about 1 mg/kg. In certain embodiments of this method, the T-cell expansion compostition
further comprises one or more of octanoic acid at a concentration of between 6.4 umolkg
and 640 pmol/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.7
umol/kg and 70 umol/kg, inclusive of the endpoints; linoleic acid at a concentration of
between 0.75 pmol/kg and 75 pumol/kg, inclusive of the endpoints; oleic acid at a
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; and a
sterol at a concentration of between 0.25 pmol/kg and 25 umaol/ke, inclusive of the endpoints.
In certain embodiments of this method, the T-cell expansion composition further comprises
one or more of octanoic acid at a concentration of about 64 umol/kg, palmitic acid at a
concentration of about 7 umol/kg. linoleic acid at a concentration of about 7.5 umol/kg. oleic
acid at a concentration of about 7.5 umol/kg and a sterol at a concentration of about 2.5
umol/kg.

{035] The disclosure provides a method of producing a composition comprising a plurality

of moditied stem memory T-cells {Tson) and a plurality of modified central memory T-cells
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(Tem), comprising: (a) introducing into a plurality of primary human T cells a composition
comprising an antigen receptor to produce a plurality of modified T cells, wherein the antigen
receptor or the therapeutic protein is not contained in a transposon, and (b} contacting the
plurality of modified T-cells and a T-cell activator composition comprising ong ¢r more of an
anti-human CD3 monospecific tetrameric antibody complex, an anti-human €238
monospecific tetrameric antibody complex and an activation supplement to produce a
composition comprsing a plurality of activated modified stem memory T-cells (Tscm) and a
plurality of activated modified central memory T-cells (Tewm), wherein the plurality of
activated modified Tscm expresses one or more CD62E., CD45SRA, CD2§, CCR7, CD127,
CD43R0O, CDY3, CDYS and IL-2RJ and the plurality of activated modified Tewm expresses
one or more CB45RO, CD95. IL-2RB, CCR7, and CD62L., thereby producing a composition
comprising a plurality of modified Tscm and a plurality of modified Towm. In certain
embodiments of this method. the modified stem memory T-cells (Tscm) comprise at teast 195,
2%, 5%, 7%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%. 50%, 55%, 60%. 65%, 70%,
75%. 8G%, 85%. 90%, 95%, 97%, 99% or any percentage of cells in between of the total
number of cells of the composition. In certain cmbodiments of this method, the modified
central memory T-cells (Tewm) comprise at least 1%, 2%, 5%, 7%, 10%. 15%, 209, 25%.
30%, 35%, 40%. 45%, 50%, 55%. 6%, 65%. 70%. 75%, 80%, 85%. 91%, 95%, 97%, 99%
or any percentage of cells in between of the total number of cells of the composition. In
certain embodiments of this method. the modified stem memory T-cells (Tscm) comprise at
least 10% of the total number of cells of the composition and the modified central memory T-
cells (Tom) comprise at least 90% of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells {Tscm) comprise at least
9095 of the total number of cells of the composition and the modified central memorv T-cells
(Tcnm) comprise at least 10% of the total number of cells of the composition. In certain
e¢mbodiments of this method, the modified stem memory T-cells {Tscm) comprise at least
20% of the total number of cells of the composition and the modified central memory T-cells
(Tcm) comprise at least 80% of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells (Tsem) comprise at least
8096 of the total number of cclls of the composition and the modificd central memorv T-cells
(Tcm) comprise at least 209 of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells {Tscm) comprise at least

309 of the total number of cells of the composition and the modified central memory T-cells
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{Tem) comprse at least 7096 of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells (Tsom) comprise at feast
70% of the total number of cells of the composition and the modified central memory T-cells
(Tev) comprise at least 30% of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells {Tsem) comprise at least
40% of the total number of cells of the composition and the modified central memory T-cells
{Tcam) comprise at least 60% of the total number of cells of the composition. In certain
embodiments of this method, the modified stem memory T-cells (Tsem) comprise at least
60% of the total number of cells of the composition and the modified central memory T-cells
(Tov) comprise at least 40% of the total number of cells of the composition. In certain
e¢mbodiments of this method, the modified stem memory T-cells (Tscm) comprise at least
50% of the total number of cells of the composition and the modified central memory T-cells
{Tcm) comprise at least 50% of the total number of cells of the composition.

{036] In certain embodiments of methods of the disclosure of producing a composition
comprising a plurality of modified stem memory T-cells (Tscm) and a plurality of moditied
central memory T-cells (Tem), comprising: (a) introducing into a plurality of primary human
T cells a composition comprising an antigen receptor to produce a plurality of modified T
cells, wherein the antigen receptor or the therapeutic protein is not contained in a transposon,
and (b) contacting the plurality of modified T-cclls and a T-cell activator composition
comprising ong or more of an anti-human CD3 monospecific tetrameric antibody complex,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce a composition comprising a plurality of activated modified stem
memory T-cells (Tsewm) and a plurality of activated modified central memory T-cells (Towm),
the T-cell activator composition of (b) further comprises an anti-human CD2 monospecific
tetrameric antibody complex. In certain embodiments, this method further comprises the step
of (c) contacting the composition the plurality of activated modified stem memory T-cells
{Tscm) and the plurality of activated modified central memory T-cells (Ten) with a T-cell
expansion composition comprising one or more of human serum albumin, recombinant
human insulin, human transferrin, 2-Mercaptoethanol. Iscove’s MDM, and an ¢xpansion
supplement to produce a plurality of expanded moditied T-cells, wherein the plurality of
expanded modified Tsem expresses one or more CD62L, CD45RA, CD28, CCR7, CD127,
CD45R0O, CD93, CDYS and IL-2RJ and the plurality of expanded modified Tem expresses

one or morg CD45RO, CDO95. IL-2RB. CCR7, and CDA2L, thereby producing a composition
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comprising a plurality of expanded modified Tscym and a plurality of expanded modified Tom.
in certain embodiments of this method, the enniching step comprises isolating modified T-
cells that express one or more cell-surface marker(s) of a stem memory T cell (Tsow) from
the plurality ot enriched modified T-cells or isolating modified T-cells that express one or
more cell-surface marker(s) of a central memory T cell (Tem) from the plurality of eariched
modified T-cells. In certain embodiments of this method, the enriching step comprises
isolating modified T-cells that express one or more cell-surface marker(s) of a stem memory
T cell (Tsem) from the pluralitv of enriched modified T-cells and isolating modified T-cells
that express one or more cell-surface marker(s) of a central memory T cell (Tewm) from the
plurality of enriched modified T-cells. In certain embodiments of this method, the enriching
step further comprises contacting the composition comprising the 1sofated modified TSCM
and the isolated modified Tewm with a T-cell expansion composition comprising ong Or more
of human serum albumin, recombinant human insulin, human transferrin, 2-Mercaptoethanol,
Iscove’s MDBM, and an expansion supplement to produce a composition comprising a
plurality of expanded enriched modified Tsem and a plurality of expanded enriched modified
Tem. In certain embodiments ot this method. the T-cell expansion composition further
comprises one or more of octanoic acid, nicotinanuide, 2.4.7, 9-tetramethyl-5-decyn-4,7-diol
(TMDD), diisopropyl adipate (DIPA). n-butyi-benzenesulfonamide, i.2-benzenedicarboxylic
acid, bis(2-methylpropyl) ester, palmitic acid, linoleic acid, oleic acid. stearic acid hydrazide,
oleamide, a sterol and an alkane. In certain embodiments of this method, the T-cell expansion
composition further comprises one or more of octanoic acid, palmitic acid, linoleic acid, oleic
acid and a sterol. In certain embodiments ot this method. the T-cell expansion composition
further comprises one or more of octanoic acid at a concentration ot between 0.9 mg/kg to 90
mg/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.2 mg/kg to
20 mg/kg. inclusive of the endpoints; linoleic acid at a concentration of between 0.2 mgikg to
20 mg/kg. nclusive of the endpoints; ol¢ic acid at a concentration of 0.2 mg/kg to 20 mg/kg,
inclusive of the endpoints; and a sterol at a concentration of about .1 mg/kg to 10 mg/kg,
inclusive of the endpoints. In certain embodiments of this method. the T-cell expansion
composition further comprises one or more of octanoic acid at a concentration of about 9
mg/kg. palmitic acid at a concentration ot about 2 mg/kg, linoleic acid at a concentration of
about 2 mg/kg, oleic acid at a concentration of about 2 mg/kg and a sterol at a concentration
of about 1 mg/kg. In certain embodiuments of this method, the T-cell expansion composition

further comprises one or more of octanoic acid at a concentration of between 6.4 yunol/kg
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and 640 umol/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.7
pmol/kg and 70 umolkg, inclusive of the endpomnts; linoleic acid at a concentration of
between 0.75 pmolAkg and 75 umol/kg, inclusive of the endpoints; oleic acid at a
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; and a
sterol at a concentration of between 0.25 umol/dkg and 25 pmol/kg, inclusive of the endpoints.
In certain embodiments of this method, the T-cell expansion composition further comprises
ong or more of octanoic acid at a concentration of about 64 pmol/kg, palmitic acid at a
concentration of about 7 umol/kg. linoleic acid at a concentration of about 7.5 nmol/kg. oleic
acid at a concentration of about 7.5 umol/kg and a sterol at a concentration of about 2.5
umol/kg. In certain embodiments of this method, the modified stem memorv T-cells (Tscn)
comprise at least 1%, 2%. 5%, 7%. 10%, 15%, 20%, 25%, 30%, 35%. 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%. 90%, 95%, 97%. 99% or any percentage of cells in
between of the total number of cells of the composition. Tn certain embodiments of this
method, the modified central memory T-cells (Tom) comprise at teast 1%, 2%, 5%, 7%, 10%,
15%. 20%, 25%, 30%. 35%, 40%, 45%. 50%, 55%, 60%. 65%, 70%, 75%. 80%, 85%, 90%.
95%. 97%, 99% or any percentage of cells in between of the total number of cells of the
composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscv) comprise at least 10% of the total number of cells of the composition and the
modified central memory T-cells (Tem) comprise at least 90% of the total number of cells of
the composition. In certain ecmbodiments of this method, the modified stem memory T-cells
(Tscm) comprise at least 90% of the total number of cells of the composition and the
modified central memory T-cells (Tew) comprise at least 1% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscem) comprise at least 20%% of the total number of cells of the composition and the
modified central memory T-cells (Ten) comprise at least 80% of the total number of cells of
the composition. fn certain embodiments of this method, the modified stem memory T-cells
(Tscnm) comprise at least 80% of the total number of cells of the composition and the
modified central memory T-cells (Teon) comprise at least 20% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscn) comprise at least 30% of the total number of cells of the composition and the
modified central memory T-cells (Tcn) comprise at least 709 of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memorv T-cells

(Tscv) comprise at least 70% of the total number of cells of the composition and the
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modificd central memory T-cells (Tea) comprise at least 30% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscn) comprise at least 40% of the total number of cells of the composition and the
modified central memory T-cells (Tem} comprise at least 60% of the total number of cells of
the composition. In certain embodiments of this method, the modificd stem memory T-cells
(Tsem) comprise at least 60% of the total number of cells of the composition and the
modified central memory T-cells (Teas) comprise at least 40% of the total number of cells of
the composition. In certain embodiments of this method, the modified stem memory T-cells
(Tscm) comprise at least 30% of the total number of cells of the composition and the
moditied central memory T-cells (Ton} comprise at least 50% of the total number of cells of
the composition.

{037]  In certain embodiments of the methods of producing an activated modified Tsem or
Tewm of the disclosure, including those methods comprising (a) introducing into a plurality of
primary human T ¢ells a composition comprising an antigen receptor to produce a plurality of
modified T cells, wherein the antigen receptor or the therapeutic protein is not contained in a
transposon, and (b) contacting the plurality of modified T-cells and a T-cell activator
composition comprising one or more of an anti-human CID3 monospecific tetrameric
antibody complex, the introducing step comprises a homologous recombination. In certain
embodiments of the introduction step comprising a homologous recombination, a genomic
editing composition contacts a genomic scquence of at least one primary T cell of the
plurahity of T cells. In certain embodiments of the introduction step comprising a homologous
recombination, a genomic cditing composition contacts a genomi¢ seguence of a portion of
primary T cells of the plurality of T cells. In certain embodiments, the portion of pnmary T
cells s at least 1%, 2%. 5%, 7%. 10%, 15%, 20%. 25%, 30%, 35%. 40%, 45%, 50%. 35%,
60%, 65%, 70%, 75%, 80%, 83%, 90%, 95%, 97%, 99% or any percentage i between of the
total number of primary T cells in the plurality of T cells. In certain embodiments of the
introduction step comprising a homologous recombination, a genomic editing composition
contacts a genomic sequence of each primary T cell of the plurality of T ¢ells. In certain
embodiments of the introduction step comprising a homologous recombination, a genomic
cditing composition induces a singie strand break. In certain embodiments of the ntroduction
step comprising a homologous recombination, a genomic editing composition induces a
double strand break. In certain embodiments of the introduction step comprising a

homologous recombination, the introduction step further comprises a donor sequence
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composition. In certain ecmbodiments, the donor sequence composition comprises a sequence
encoding the antigen receptor. In certain embodiments. the donor sequence composition
comprises a sequence encoding the antigen receptor. a 5° genomic sequence and a 3’
genomic sequence. wherein the 5° genomic sequence is homologous or identical to a genomic
sequence of the primary T cell that 1s 57 to the break point induced by the genomic editing
composition and the 3” genomic sequence is homologous or identical to a genomic sequence
of the pnmary T cell that is 3” to the break point induced by the genomic editing
composition. In certain embodiments of the introduction step comprising a homologous
recombination, the genomic editing composition and donor sequence composition are
contacted with the genomic sequence simultaneouslv or sequentially. In certain embodiments
of the introduction step comprising a homologous recombination, the genomic editing
composition and donor sequence composition are contacted with the genomic sequence
sequentially, and the genomic editing composition 1s provided first. In certain embodiments
of the introduction step comprising a homologous recombination, the genomic editing
composition comprises a sequence encoding a DNA binding domain and a sequence
encoding a nuclease domain. In certain embodiments of the introduction step comprising a
homologous recombination, the genomic editing composition comprises a PNA binding
domain and a nuclease domain. In certain embodiments of the genomic editing composition,
the DNA binding domain comprises a guide RNA (gRNA). In certain embodiments of the
genomic editing composition, the DNA binding domain comprises a DNA-binding domain of
a TALEN. In certain embodiments of the genomic editing composition, the DNA binding
domain comprises a DNA-binding domain of a ZFN. In certain embodiments of the genomic
cditing composition, the nuclease domain compriscs a CasY nuclease or a sequence thereof.
In certain embodiments of the genomic editing composition, the nuclease domain comprises
an tnactive Cas9 (SEQ ID NQ: 33, comprising a substitution of a Alanine (A) for Aspartic
Acid (D) at position 10 (I310A) and a substitution of Alanine (A) for Histidine (H} at position
840 (H&40A)). In certain embodiments of the genomic editing composition, the nuclease
domain comprises a short and inactive Cas® (SEQ 1D NO: 32, comprising a substitution of an
Alanine (A} for an Aspartic Acid (D) at position 10 (210A) and a substitution of an Alanine
{A) for an Asparagine {N) at position 540 {N5404)). In certain embodiments of the genomic
cditing composition, the nuclease domain compriscs or further comprises a type 11S
endonuclease. In certain embodiments of the genomic editing composition, the type IS

endonuclease comprises Acil, Mnll, Alwl, Bbvl Beel BeeAl BsmAl BsmFl, BspCNI,
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Bsri, BtsCI, Hgal, Hphl, HpvAV, Mboll, My1i, Plef, SfaNl, Acul, BaiVI. BfuAl, BmgBl,
Bmirl, Bpmi, BpuEl, Bsal, BscRI, Bsgl, Bsml, BspMI, BsrBI, BsrBI, BsrDI, BigZ1, Btsl,
Earl, Ecil, Mmel, NmeAIll, BbvCl, Bpul0l, BspQl. Sapl, Bael. BsaXI, CspCl. Bfil. Mboll,
Acc36l, Fokl or Clo051. In certain ¢embodiments, the type IIS endonuclease comprises
Clo051] . In certain embodiments of the genomic editing composition, the nuclease domain
comprises or further comprises a TALEN or a nuclease domain thereof. In certain
embodiments of the genomic editing composition, the nuclease domain comprises or further
comprises a ZFN or a nuclease domain thereof. In certain embodiments of the introduction
step comprising a homologous recombination, the genomic editing composition induces a
break in a genomic sequence and the donor sequence composition is inserted using the
endogenous DNA repair mechanisms of the primary T cell. In certain embodiments of the
introduction step comprising a homologous recombination, the insertion of the donor
sequence composition eliminates a DNA binding site of the genomic editing composition,
thereby preventing further activity of the genomic editing composition.

{038] In certain embodiments of the methods of producing an activated moditfied Tsca or
Tem of the disclosure. including those methods comprising (a) introducing into a plurality of
primary human T cells a composition comprising an antigen receptor to produce a plurality of
modified T cells. wherein the antigen receptor or the therapeutic protein is not contained in a
transposon, and (b) contacting the plurality of moditied T-cells and a T-cell activator
composition comprising one or more of an anti-human CD3 monospecific tetrameric
antibody complex. an anti-human CD2& monospecific tetrameric antibody complex and an
activation supplement, a viral vector comprises the antigen receptor. In certain embodiments,
the viral vector comprises one or more sequences isolated, derived, or recombined from an
RNA virus. In certain embodiments, the RNA virus 1s a single-stranded or a double-stranded
virus. In certain embodiments, the viral vector comprises one or more sequences isolated,
dertved. or recombined from a BNA virus. In certain embodiments. the DNA virus is a
single-stranded or a double-stranded virus. In certain embodiments, the virus is replication-
defective.

{039] In certain embodiments of the methods of producing an activated moditied Tsca or
Tem of the disclosure. including those methods comprising (a) introducing into a plurality of
primary human T cells a composition comprising an antigen receptor to produce a plurality of
modified T cells, wherein the antigen receptor or the therapeutic protein is not contained in a

transposon, and (b) contacting the plurality of moditied T-cells and a T-cell activator
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composition comprising onc or more of an anti-human €CD3 monospecific tetrameric
antibody complex, an anti-human CD28 monospecific tetrameric antibody complex and an
activation supplement, a viral vector comprises the antigen receptor. In certain embodiments,
the viral vector comprises a sequence isolated or derived from a retrovirus. In certain
embodiments, the viral vector comprises a sequence i1solated or derived from a lentivirus.
{046] In certan embodiments of the methods of producing an activated modified Tseam or
Tom of the disclosure, including those methods comprising (a) introducing into a plurality of
primary human T cells a composition comprising an antigen receptor to produce a plurality of
modified T cells, wherein the antigen receptor or the therapeutic protein is not contained mn a
transposon, and (b} contacting the plurality of modified T-cells and a T-cell activator
composition comprising one or more of an anti-human CD3 monospecific tetrameric
antibody complex, an anti-human CD28 monospecific tetrameric antibody complex and an
activation supplement, a viral vector comprises the antigen receptor. In certain embodiments,
the viral vector comprises a sequence isolated or derived from a retrovirus. In certain
embodiments, the viral vector comprises a sequence isolated or derived from a gamma
retrovirus.

{341} In certain embodiments of the methods of producing an activated modified Tscm or
Tewm of the disclosure, including those methods comprising (a) introducing into a plurality of
primary human T cells a composition comprising an antigen receptor to produce a plurality of
modified T cells, wherein the antigen receptor or the therapeutic protein is not contained in a
transposon, and (b} contacting the plurality of modified T-cells and a T-cell activator
composition comprising one or more of an anti-human D3 monospecific tetrameric
antibody complex, an anti-human CD28 monospecific tetrameric antibody complex and an
activation supplement, a viral vector comprises the antigen receptor. In certain embodiments,
the viral vector comprises a sequence 1solated or derived from an adeno-associated virus
(AAYV). In certain embodiments. the AAV is aserotype AAVE, AAV2, AAV3, AAV4,
AAVS, AAV6, AAV7, AAVS, AAVY, AAV I or AAV1L. In certain embodiments, the
AAYV comprises a sequence from one or more of AAVL, AAV2 AAV3 AAV4, AAVS,
AAV6, AAVT7, AAVSE. AAV9. AAV10 or AAV1]. In certain embodiments, the AAV
comprises a sequence isolated. derived. or recombined from one or more of AAV 1, AAV2,
AAV3, AAV4, AAVS5, AAVE, AAVT, AAVE, AAVY, AAV LG or AAV L In certain
embodiments, the AAV comprises a sequence 1solated, derived, or recombined from AAV2.

In certain embodiments, including those in which the vector crosses the blood brain barrier
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{(BBB), the AAV compriscs a sequence isolated, derived, or recombined from AAVY.
Exemplary adeno-associated viruses and recombinant adeno-associated viruses of the
disclosure include, but are not limited to, self-complementary AAV (scAAV} and AAV
hyvbrids containing the genome of one serotype and the capsid of another serotyvpe {¢.g.
AAV2/S, AAV-DJ and AAV-DIR). Excmplary adeno-associated viruses and recombinant
adeno-associated viruses of the disclosure include, but are not limited to, rAAV-LKO3,

rAAV-NP5S and rAAV-NP84.

{342} In certain embodiments of the methods of producing an activated modified Tscu or
Tem of the disclosure, a nucleic acid vector comprises the antigen receptor. In certain
embodiments, a DNA vector comprises the antigen receptor. In certain embodiments, an
mRNA vector comprises the antigen receptor. In certain cmbodiments, the nucleic acid
vector 1s a plasmid or a minicircle vector.

{043} In certain embodiments of the methods of producing an activated moditied Tscm or
Tewm of the disclosure. a nanoparticle vector comprises the antigen receptor. Nanoparticles
may be comprised of polymers disclosed in, for cxample, Intemational Patent Publication
No. W3 2012/094679, International Patent Publication No. WO 2016/022805, Intcrnational
Patent Publication No. W(/2011/133633, Intemational Patent Publication No.
W0/2016/09011 1, Intemational Patent Publication No. W0/2017/004498. W(G/2017/004509,
Intemnational Patent Application No. PCT/US2017/030271, US Patent No. 6,835.394_ US
Patent No. 7,217,427, and US Patent No. 7.867.512.

[044] In certain embodiments of the methods of producing an activated moditied Tscm or
Tem of the disclosure. the antigen receptor 1s a T-cell receptor. In certain embodiments, the
T-cell receptor is naturally-occurring. In certain embodiments, the T-cell receptor 1s not
naturally-occurring. In certain embodiments, and, in particular, those embodiments wherein
the T-cell receptor 1s not naturally-occurring, the T-cell receptor comprises one or more
mutation{s) compared to a wild-type T-cell receptor. In certain embodiments, and, in
particular, those embodiments wherein the T-cell receptor is not naturally-occurring, the T-
cell receptor is a recombinant T-cell receptor. In certain embodiments of this method, the
antigen receptor is a Chimeric Antigen Receptor (CAR). In certain embodiments, the CAR is
a CARTynn. In certain embodiments, the CAR comprises one or more VHH sequence(s}. In

certain embodiments. the CAR 1s a VCAR.
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{045] In certain embodiments of the methods of producing an activated modified Tscm or
Tewm of the disclosure, including those methods comprising (a) ntroducing into a plurality of
primary human T cells a composition comprising an antigen receptor to produce a plurality of
modified T cells, wherein the antigen receptor or the therapeutic protein is not contained in a
transposon, and (b) contacting the plurality of modified T-cells and a T-cell activator
composition comprising one or more of an anti-human CD3 monospecific tetrameric
antibodv complex, an anti-human D28 monospecific tetrameric antibody complex and an
activation supplement, the method further comprises introducing into the primary human T
cell, a composition comprising a therapeutic protein to produce a modified T cell capable of
expressing the therapeutic protein. In certain embodiments, the therapeutic protein is a
secretable protein and the method produces a modified T cell capable of sccreting the
therapeutic protein. In certain embodiments, the introducing step comprises a homologous
recombination and a donor sequence comprises a sequence encoding the therapeutic protein.
In certain embodiments, the donor sequence that comprises the antigen receptor further
comprises the therapeutic protein. In certain embodiments, a first donor sequence comprises
the antigen receptor and a second donor sequence comprses the therapeatic protein. In
certain embodiments, a vector comprises a sequence encoding the therapeutic protein. In
certain embodiments, the vector 1s a viral vector. In certain embodiments, the vector is a
nanoparticle. In certain embodiments, the vector that compriscs the antigen receptor further
comprises the therapeutic protein. In certain embodiments, a first vector comprises the
antigen receptor and a second vector template comprises the therapeutic protein.

{046] The disclosure provides a method of producing a modified stem memory T cell
(Tscm), comprising: (a) introducing into a pnimary human T cell a composition comprising an
antigen receptor to produce a modified T cell, wherein a transposon comprises the antigen
receptor, and (b} contacting the modified T cell and a T-cell activator composition
comprising one or more of an anti-human D3 monospecific tetrameric antibody complex,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce an activated modified T-cell, wherein the activated modified-T celt
expresses onc or more ¢ell-surface marker(s) of a stem memory T cell (Tsenm), thereby
producing a modified stem memory T cell (Tsem). The disclosure provides a method of
producing a plurality of modified stem memory T cells (Tscwm), comprising: (a) introducing
into a plurality of primary human T cells a composition comprising an antigen receptor (o

produce a plurality of modified T cells, wherein a transposon comprises the antigen receptor,
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and (b) contacting the plurality of modified T cells and a T-cell activator composition
comprising one or more of an anti-human CD3 monospecific tetrameric antibody comples,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce a plurality of activated modified T-cells, wherein at least 25%. 509%,
60%, 75%, 80%, 85%, 90%, 95% or 99% of the plurality of activated modified -T cclis
expresses one or more cell-surface marker(s) of a stem memory T cell (Tscw), thereby
producing a modified stem memory T cell (Tscm). In certain embodiments of this method, at
lcast 60% of the plurality of activated modificd -T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tscm). In certain embodiments of this method. the T-cell
activator composition of (b} further comprises an anti-human CD2 monospecific tetrameric
antibody complex. The disclosure provides a method of producing a modified stem memory
T cell (Tsem). comprising: (a) introducing into a primary human T cell a composition
comprising a chimeric antigen receptor (CAR) to produce a CAR-T cell and (b) contacting
the CAR-T cell and a T-cell activator composition comprising one or more of an anti-human
CD3 mongspecific tetrameric antibody complex, an anti-human CD28& monospecific
tetrameric antibody complex, an anti-human CD2 monospecific tetrameric antibody complex
and an activation supplement to produce an activated CAR-T cell, wherein the activated
CAR-T cell expresses one or more cell-surface marker(s) of a stem memory T cell (Tsow),
thereby producing a CAR-expressing stem memory T cell (Tsem) (CAR-Tsem). The
disclosure provides a method of producing a plurality of modified stem memory T cells
(Tscm), comprising: (a) introducing into a plurality of primary human T cells a composition
comprising a chimeric antigen receptor (CAR) to produce a plurality of CAR-T cells and (b)
contacting the plurality of CAR-T cells and a T-cell activator composition comprising one or
more of an anti-human CD3 monospecitic tetrameric antibody complex. an anti-human CD2§
monospecific tetrameric antibody complex, an anti-human CD2 monospecific tetrameric
antibody complex and an activation supplement to produce a plurality of activated CAR-T
cells, wherein at least 2%, 3%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%,
65%, 70%., 75%, 80%, 83%, 90%, 95%, 99% or any percentage in between of the plurality of
activated CAR-T cells expresses one or more cell-surface marker{(s) of a stem memaory T cell
(Tscm), thereby producing a plurality of activated CAR stem memory T cells (Tsem). In
certain embodiments, the methods further comprises the step of’ (¢) contacting the activated
modified T cell and a T-cell expansion composition comprising one or more of human serum

albumin, recombinant human insulin, human transferrin, 2-Mercaptocthanol. Iscove’s MDM,
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and an expansion supplement to produce a plurality of expanded modified T-cells, wherein at
least 296 of the plurality of expanded moditicd T-cells expresses one or more cell-surface
marker(s) of a sten memory T cell (Tscm). In certain embodiments, the T-cell expansion
composition comprises or further comprises one or more of octanoic acid, nicotinamide,
2.4,7 9-tetramethvl-5-decvn-4,7-diol {TMDD), diisopropvl adipate (DIPA), n-butvi-
benzenesulfonamide, 1,2-benzenedicarboxylic acid, bis(Z-methylpropyl) ester, palmutic acid,
linoleic acid, oleic acid, stearic acid hvdrazide, oleamide, a sterol and an alkane. In certain
embodiments, the T-cell expansion composition comprises onc or more of octanoic acid,
palmitic acid, linoleic acid, oleic acid and a sterol (e.g. cholesterol). In certain embodiments,
the T-cell expansion composition comprises one or more of octanoic acid at a concentration
of between 0.9 mg/kg to 90 mg/kg, inclusive of the endpoints; palmitic acid at a
concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; linoleic acid at a
concentration of between 0.2 mg/kg to 20 mg/ke, inclusive of the endpoints; oleic acid at a
concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a
concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the endpoints (wherein mg/kg =
parts per miflion). In certain embodiments, the T-cell expansion composition comprises one
or more of octanoic acid at a concentration of about 9 mg/kg, palmitic acid at a concentration
of about 2 mg/kg. linoleic acid at a concentration of about 2 mg/kg, oleic acid at a
concentration of about 2 mg/kg, and a sterol at a concentration of about 1 mg/kg (wherein
mg/kg = parts per million). In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg, linoleic acid at a concentration of about 2.12 mg/kg. oleic acid
at a concentration of about 2.13 mg/kg, and a sterol at a concentration of about 1.01 mg/kg
(wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic acid ata
concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid ata
concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg (wherein
mg/kg = parts per million). In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of between 6.4 umol/kg and 640
umol/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.7 umol/kg
and 70 pmol/kg, inclusive of the endpoints; Iinoleic acid at a concentration of between 0.75
umol/kg and 75 pmol/kg, inclusive of the endpoints; oleic acid at a concentration of between

0.75 umol/kg and 75 pumol/kg, inclusive of the endpoints; and a sterol at a concentration of
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between 0.25 pmol/kg and 25 pmol/kg, inclusive of the endpoints. In certain embodiments.
the T-cell expansion composition comprises one or more of octanoic acid at a concentration
of about 64 umol/kg, palmitic acid at a concentration of about 7 wmol/kg, linoleic acid at a
concentration of about 7.5 umol/kg, oleic acid at a concentration of about 7.5 pmol/kg and a
sterol at a concentration of about 2.5 umol/kg. In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 63.75
umol/kg, palmitic acid at a concentration of about 7.27 pmol/kg, linoleic acid at &
concentration of about 7.57 umol/kg, oleic acid at a concentration of about 7.56 umol/kg and
a sterol at a concentration of about 2.61 pmol/kg. In certain embodiments, the T-cell
expansion composition comprises octanoic acid at a concentration of about 63.75 umol/kg,
palmitic acid at a concentration of about 7.27 nmol/kg, linoleic acid at a concentration of
about 7.57 umol/kg. oleic acid at a concentration of 7.56 pmol/kg and a sterol at a
concentration of 2.61 umol/kg. In certain embodiments, at least 2%, 5%, 10%. 15%, 20%,
25%, 30%, 35%, 40%, 453%0, S0%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or anv
percentage in between of the plurality of expanded modified T-cells expresses cell-surface
marker(s) of a stem memory T cell (Tsem). In certain embodiments, at least 60% of the
plurality of expanded modified T-cells expresses cell-surface marker(s) ot a stem memory T
cell (Tsem). In certain embodiments, the method further comprises the step of: (d) enriching
the plurality of cxpanded modified T-cells to produce a composition comprising at least 2%,
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%. 50%, 60%, 65%, 70%, 75%, 80%, §5%,
90%, 93%, 99% or anv percentage in between of modified T-cells that express cell-surface
marker(s) of a stem memory T cell (Tsom). In certain embodiments, the method further
comprises the step of: (d) enriching the plurality of expanded modified T-cells to produce a
composition comprising at least 60% of modified T-cells that express cell-surface marker(s)
of a stem memorv T cell (Tsem). In certain embodiments, the enriching step further
comprises isolating modified T-cells that express one or more cefl-surface marker(s) of a
stem memory T cell (Tscar) from the plurality of enriched modified T-cells. In certain
embodiments, the enriching step further comprises contacting the isolated modified Tscm and
a T-cell expansion composition comprising one or more of human serum albumin,
ccombinant human insulin, human transferrin, 2-Mercaptocthanol, Iscove’s MM, and an
expansion supplement to produce a plurality of expanded enriched modified Tscar. In certain
embodiments, the T-cell expansion composition further comprises one or more of octanoic

acid, nicotinamide, 2.4,7,9-tetramethyi-3-decyn-4,7-diol (TMDD), diisopropy! adipate
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{(DIPA), n-butyl-benzenesulfonamide, 1,2-benzenedicarboxylic acid. bis(2-methylpropyl)
ester, palmitic acid, linoleic acid, oleic acid, stearic acid hydrazide, oleamide, a sterol and an
alkane. In certain embodiments, the T-cell expansion composition comprises one or more of
octanoi¢ acid, palmitic acid, linoleic acid, oleic acid and a sterol (e.g. cholesterol). In certain
embodiments, the T-cell expansion composition comprises one or more of octanoic acid at a
concentration of between 0.9 mg/kg to 90 mg/kg, inclusive of the endpoints; palmitic acid at
a concentration of between 0.2 mg/kg to 20 mgskg, iclusive of the endpoints; linoleic acid at
a concentration of between 0.2 mg/kg to 20 mg/kg. inclusive of the endpoints; oleic acid at a
concentration of (1.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a
concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the endpoints {wherein mg'kg =
parts per million}. In certain embodiments, the T-cell expansion composition comprises onc
or more of octanoic acid at a concentration of about 9 mg/kg, palmitic acid at a concentration
of about 2 mg/kg, linoleic acid at a concentration of about 2 mg/kg, oleic acid at a
concentration of about 2 mg/kg, and a sterol at a concentration of about 1 mg/kg {(wherein
mg/kg = parts per million}. In certain embodiments, the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg. linoleic acid at a concentration of about 2.12 mg/kg, oleic acid
at a concentration of about 2.13 mg/ke, and a sterol at a concentration of about 1.01 mg/ke
(wherein mg/kg = parts per million). In certain embodiments. the T-cell expansion
composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid at a
concentration of about 2.13 mg/ke, and a sterol at a concentration of 1.01 mg/kg (wherein
mg/kg = parts per million). In certain embodiments, the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of between 6.4 ywmol/kg and 640
umol/kg, inclusive of the endponts; palmitic acid at a concentration of between 0.7 pmol/kg
and 70 umol/kg, inclusive of the endpoints; linolei¢ acid at a concentration of between 0.75
umol/kg and 75 pmol/kg. inclusive of the endpoints; oleic acid at a concentration of between
0.75 pmolfkg and 75 umol/kg, inclusive of the endpoints; and a sterol at a concentration of
between 0.25 pmol/kg and 25 umol/kg, inclusive of the endpoints. In certain embodiments,
the T-cell expansion composition compriscs one or more of octanoic acid at a concentration
of about 64 umol/kg, palmitic acid at a concentration of about 7 mol/kg, linoleic acid at a
concentration of about 7.5 umol/kg, oleic acid at a concentration of about 7.5 pmol’/kg and a

sterol at a concentration of about 2.5 umol/kg. In certain embodiments, the T-cell expansion
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composition compriscs onc or more of octanoic acid at a concentration of about 63.75
umol/kg, palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at a
concentration of about 7.57 pmol/kg, oleic acid at a concentration of about 7.56 umol/kg and
a sterol at a concentration of about 2.61 umol/kg. In certain embodiments, the T-cell
expansion composition compriscs octanoic acid at a concentration of about 63.75 pmol/kg,
palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at a concentration of
about 7.57 umol/kg, oleic acid at a concentration of 7.56 pmol/kg and a sterol at a
concentration of 2.61 umol/kg.

{347} The disclosure provides a method of producing a modified central memory T cell
(Ten), comprising: (a) introducing into a primary human T cell a composition comprising an
antigen receptor to produce a moditied T cell, wherein a transposon comprises the antigen
receptor, and (b) contacting the modificd T cell and a T-cell activator composition
comprising one or more of an anti-human CD3 monospecific tetrameric antibody complex,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce an activated modified T-cell, wherein the activated modified-T cell
expresses onc or more cell-surtace marker(s) of a central memory T cell (Tewm). thereby
producing a modified central memory T cell (Toum). The disclosure provides a method of
producing a plurality of modified central memory T cells (Tew), comprising: (a) introducing
into a plurality of primary human T cells a composition comprising an antigen rcceptor to
produce a plurality of modified T cells, wherein a transposon comprises the antigen receptor,
and (b} contacting the plurality of moditied T cells and a T-cell activator composition
comprising one or more of an anti-human D3 monospecific tetrameric antibody complex,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce a plurality of activated modified T-cells, wherein at least 23%, 50%,
6(9%, 75%, 80%, 85%, 90%, 95% or 99% of the plurality of activated modified -T cells
gxpresses on¢ or more cell-surface marker(s) of a central memory T cell (Tew), thereby
producing a modified central memory T cell (Tem). In certain embodiments of this method. at
least 60% of the pluarality of activated moditied -T cells expresses one or more cell-surface
marker(s) of a central memory T cell (Teas). In certain embodiments of this method. the T-
cell activator compostition of (b) further comprises an anti-human CD2 monospecific
tetrameric antibody complex. In certain embodiments, the methods further comprises the step
of’ (¢} contacting the activated modified T cell and a T-cell expansion composition

comprising ong or more of human serum albumin, recombinant human msulin, human
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transferrin, 2-Mercaptocthanol, fscove’s MDM, and an expansion supplement to produce a
plurality of expanded modified T-cells, wherein at least 2% of the plurality of expanded
modified T-cells expresses one or more ¢ell-surface marker(s) of a central memory T cell
(Tewm). In certain embodiments, the T-cell expansion composition comprises or further
comprises ong or more of octanoic acid, nicotinamide, 2,4,7 9-tetramethyvi-3-decyn-4,7-diol
(TMDD), dusopropyl adipate (BIPA), n-butyl-benzenesulfonamide, §,2-benzenedicarboxylic
acid, bis(2-methvlpropvl) ester, palmitic acid. linoleic acid, oleic acid, stearic acid hvdrazide,
olcamide, a sterol and an alkanc. In certain embodiments, the T-cell expansion composttion
comprises one or more of octanoic acid, palmitic acid, linoleic acid, oleic acid and a sterol
(e.g. cholesterol). In certain embodiments, the T-cell expansion composition comprises one
or more of octanoic acid at a concentration of between 0.9 mg/kg to 90 mg/kg, inclusive of
the endpoints; palmitic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive
of the endpoints; linoleic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, nclusive
of the endpoints; oleic acid at a concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the
endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the
endpoints {whercin mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 9 mg/'kg,
palmitic acid at a concentration of about 2 mg/kg, linoleic acid at a concentration of about 2
mg/kg, oleic acid at a concentration of about 2 mg/kg, and a sterol at a concentration of about
I mg/kg (wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
conmposition conmprises one or more of octanoic acid at a concentration of 9.19 mg/kg,
palmitic acid at a concentration of 1.86 mg/kg, lincleic acid at a concentration of about 2.12
mg/kg, oleic acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration of
about 1.01 mg/kg (wherein mg/kg = parts per million). In certain embodiments, the T-cell
expansion composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic
acid at a concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic
acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg
(wherein ing/kg = parts per million). In certain embodiments, the T-cell expansion
conmposition comprises one or more of octanoic acid at a concentration of between 6.4
umol/kg and 640 umol/ke, inclusive of the endpoints; palmitic acid at a concentration of
between 0.7 umol/kg and 70 umolikg, inclusive of the endpoints; hinoleic acid at a
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; oleic acid

at a concentration of between .75 pmol/kg and 75 umolikg, inclusive of the endpoints; and a
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stcrol at a concentration of between .25 pmol/kg and 25 umol/kg, inclusive of the endpoints.
In certain embodiments, the T-cell expansion composition comprises one or more of octanoic
acid at a concentration of about 64 umol/kg, palmitic acid at a concentration of about 7
pmol/kg, linoleic acid at a concentration of about 7.5 nmol/kg, oleic acid at a concentration
of about 7.5 pmol/kg and a sterol at a concentration of about 2.5 umol/kg. In certain
embodiments, the T-cell expansion composition comprises one or more ot octanoic acid at a
concentration of about 63.75 pmol/kg, palmitic acid at a concentration of about 7.27
umol/kg, linoleic acid at a concentration of about 7.57 umol/kg, oleic acid at a concentration
of about 7.56 pmol/kg and a sterol at a concentration of about 2.61 pmol/kg. In certain
embodiments, the T-cell expansion composition comprises octanoic acid at a concentration of
about 63.75 umol/kg. palmitic acid at a concentration of about 7.27 pmol/kg. linofeic acid at
a concentration of about 7.57 pumol’kg, oleic acid at a concentration of 7.56 pumol/kg and a
sterol at a concentration of 2.61 umol/kg. In certain embodiments, at least 2%, 5%, 10%,
15%, 20%, 25%. 30%, 359, 40%, 45%, 50%, 60%, 65%, 70%, 75%, &0%, 85%, 90%, 95%,
99% or any percentage in between of the plurality of expanded modified T-cells expresses
cell-surface marker(s) of a central memory T cell (Tem). In certain embodiments, at least
60% of the plurality of expanded modified T-cells expresses cell-surface marker(s) of a
central memory T cell (Tem). In certain embodiments. the method further comprises the step
of: (d) enriching the plurality of expanded modified T-cells to produce a composition
comprising at least 2%, 5%, 10%. 15%, 20%%, 25%. 30%, 35%, 40%, 45%, 509, 60%., 65%,
70%, 75%, 80%, 5%, 909, 95%, 99% or any percentage in between of modified T-cells that
express cell-surface marker(s) of a central memory T cell (Tew). In certain embodiments. the
method further comprises the step of: {d) enriching the plurality of expanded modified T-
cells to produce a composition comprising at least 60% of modified T-cells that express cell-
surface marker(s) of a central memory T cell (Ten). In certain embodiments, the enriching
step further comprises isolating modified T-cells that express one or more cell-surface
marker(s) of a central memory T cell (Tem) from the plurality ot enriched modified T-cells.
In certain embodiments, the enriching step further comprises contacting the isolated modified
Tem and a T-cell expansion composition comprising one or more of human serum albumin.
rccombinant human insulin. human transterrin, 2-Mcrcaptocthanol. Iscove’s MI3M, and an
expansion supplement to produce a plurality of expanded enriched modified Towm. In certain
embodiments. the T-cell expansion composition further comprises one or more of octanoic

acid, nicotinamide, 2.4,7 9-tetramethyl-3-decyn-4.7-diol (TMDD). diisopropyl adipate
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{(DIPA), n-butyl-benzenesulfonamide, 1,2-benzenedicarboxylic acid. bis(2-methylipropyl)
ester, palmitic acid, hinoleic acid, oleic acid, stearic acid hydrazide, oleamide, a sterol and an
alkane. In certain embodiments, the T-cell expansion composition comprises one or more of
octanoi¢ acid, palmitic acid, linoleic acid, oleic acid and a sterol (¢.g. cholesterol). In certain
embodiments, the T-cell expansion composition comprises one or more of octanoic acid at a
concentration of between 0.9 mg/kg to 90 mg/kg, inclusive of the endpoints; palmitic acid at
a concentration of between 0.2 mg/kg to 20 mgrkg, iclusive of the endpoints; linoleic acid at
a concentration of between 0.2 mg/kg to 20 mg/kg. inclusive of the endpoints; oleic acid at a
concentration of (1.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a
concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the endpoints {wherein mg'kg =
parts per million}. In certain embodiments, the T-cell expansion composition comprises onc
or more of octanoic acid at a concentration of about 9 mg/kg, palmitic acid at a concentration
of about 2 mg/kg, linoleic acid at a concentration of about 2 mg/kg, oleic acid ata
concentration of about 2 mg/kg, and a sterol at a concentration of about 1 mg/kg {(wherein
mg/kg = parts per million}. In ¢certain embodiments, the T-cell ¢xpansion composition
comprises one or more of octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg. linoleic acid at a concentration of about 2.12 mg/kg, oleic acid
at a concentration of about 2.13 mg/kg, and a sterol at a concentration of about 1.01 mg/kg
(wherein mg/kg = parts per million). In certain embodiments. the T-cell expansion
composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid ata
concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg (wherein
mg/kg = parts per million). In certain embodiments, the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of between 6.4 ywmol/kg and 640
umol/kg, inclusive of the endpoints; palmitic acid at a concentration of between 0.7 pmol/kg
and 70 umol/kg, inclusive of the endpoints; linoleic acid at a concentration of between 0.75
umol/kg and 75 pmol/kg. inclusive of the endpoints; oleic acid at a concentration of between
0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; and a sterol at a concentration of
between 0.25 umol/kg and 25 umol/kg, inclusive of the endpoints. In certain embodiments,
the T-cell expansion composition comprises onc or more of octanoic acid at a concentration
of about 64 umol/kg, palmitic acid at a concentration of about 7 umol/kg, linoleic acid at a
concentration of about 7.5 pmolikg, oleic acid at a concentration of about 7.5 pmol’kg and a

sterol at a concentration of about 2.5 umol/kg. In certain embodiments, the T-cell expansion
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composition comprises one or more of octanoic acid at a concentration of about 63.75
umol/kg, palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at a
concentration of about 7.57 pmol/kg, oleic acid at a concentration of about 7.56 pmol/kg and
a sterol at a concentration of about 2.61 umol/kg. In certain embodiments, the T-cell
expansion composition comprises octanoic acid at a concentration of about 63.75 pmol/kg,
palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at a concentration of
about 7.57 umol/kg, oleic acid at a concentration of 7.56 pmol/kg and a sterol at a
concentration of 2.61 pmol/kg.

[348] The disclosure provides a method of producing a composition comprising a plurality
of modified stem memorv T-cells {Tscm) and a plurality of modified central memory T-cells
(Tom), comprising: (a) introducing into a plurality of primary human T cells a composition
comprising an antigen receptor to produce a composition comprising a plurality of modified
stem memory T-cells (Tsem) and a plurality ot moditied central memory T-cells (Tem),
wherein a transposon comprises the antigen receptor, and (b) contacting the composition and
a T-cell activator composition comprising onc or more of an anti-human CD3 monospecific
tetrameric antibody complex, an anti-human CD28 monospecific tetrameric antibody
complex and an activation supplement to produce a composttion comprising a plurality of
activated modified stem memory T-cells (Tscm) and a plurality of activated modified central
memory T-cells (Tem). wherein the plurality of activated moditied Tscm expresses one or
more CD621., CD45RA, CD28, CCR7, CD127, CD45RO, CD935, CDOS and TL-2Rp and the
plurality of activated modified Tem expresses one or more CD45R0O, CD9S, IL-2Rf3, CCR7,
and CD62L, thereby producing a composition comprising a plurality of moditied Tscm and a
plurality of modified Tcum. In certain embodiments of this method, the T-cell activator
composition ot (b) further comprises an anti-human CD2 monospecific tetrameric antibody
complex. In certain embodiments, the methods further comprises the step of: (¢} contacting
the composition and a T-cell expansion composition comprising ong or more of human serum
albumin, recombinant human insulin, human transtermn, 2-Mcrcaptoethanol, Iscove’s MDM,
and an expansion supplement to produce a plurality of expanded modified T-cells, wherein at
least 2% of the composition comprising a plurality of expanded modified T-cells expresses
one or more cell-surface marker(s) of a sterm memory T cell (Tscm). In certain embodiments.
the methods further compnises the step of: (¢) contacting the composition and a T-cell
expansion composition comprising one or more of human serum albumin, recombinant

human insulin, human transferrin, 2-Mercaptoethanol, Iscove’s MDM, and an expansion
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supplement to produce a plurality of expanded modified T-cells. wherein at least 2% of the
composttion comprising a plurality of expanded modified T-cells expresses one or more cell-
surface marker(s) of a central memory T cell (Ten). In certain embodiments, the T-cell
gxpansion composition comprises or fiurther comprises one or more of octanoic acid,
nicotinamide, 2,4,7 9-tetramethyl-5-decyn-4,7-diol (TMDD), diisopropyl adipate (ID1IPA). n-
butyl-benzenesulfonamide, 1,2-benzenedicarboxylic acid, bis(2-methyipropyl) ester, palmitic
acid, linoleic acid, oleic acid, stearic acid hydrazide, oleamide, a sterol and an alkane. In
certain cmbodiments, the T-cell expansion composition comprises one or more of octanoic
acid, palmitic acid, linoleic acid, oleic acid and a sterol (e.g. cholesterol}. In certain
embodiments. the T-cell expansion composition comprises one or more of octanoic acid at a
concentration of between 0.9 mg/kg to 90 mg/kg, inclusive of the endpoints; palmitic acid at
a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; linolcic acid at
a concentration of between (0.2 mg/kg to 20 mg/ke, inclusive of the endpoints; oleic acid at a
concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a
concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the endpoints (wherein mg/kg =
parts per million). In certain embodiments. the T-cell expanston composition compriscs one
or more of octanoic acid at a concentration of about % mg/kg, palmitic acid at a concentration
of about 2 mg/kg. linoleic acid at a concentration of about 2 mg/kg, oleic acid at a
concentration of about 2 mg/kg, and a sterol at a concentration of about 1 mg/kg {wherein
mg/kg = parts per million). In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of 9.19 mg/g, palmitic acid at a
concentration of 1.86 mg/kg, linoleic acid at a concentration of about 2.12 mg/kg. oleic acid
at a concentration of about 2.13 mg/kg, and a sterol at a concentration of about 1.01 mg/kg
(wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic acid ata
concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid at a
concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg (wherein
mg/kg = parts per million}). In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of between 6.4 umol/kg and 640
umol/kg. inclusive of the endpoints; palmitic acid at a concentration of between 0.7 umol/kg
and 70 pmol’kg, inclusive of the endpoints; Iinoleic acid at a concentration of between 0.75
umol/kg and 75 pmol/kg, inclusive of the endpoints; oleic acid at a concentration of between

0.75 umol/kg and 75 pumol/kg, inclusive of the endpoints; and a sterol at a concentration of
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between 0.25 pmol/kg and 25 pmol/kg, inclusive of the endpoints. In certain embodiments.
the T-cell expansion composition comprises onc or more of octanoic acid at a concentration
of about 64 umol/kg, palmitic acid at a concentration of about 7 wmol/kg, linoleic acid at a
concentration of about 7.5 umol/kg, oleic acid at a concentration of about 7.5 pmol/kg and a
sterol at a concentration of about 2.5 pmol/kg. In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 63.75
umol/kg, palmitic acid at a concentration of about 7.27 pumol/g, linoleic acid at a
concentration of about 7.57 pmol/kg, oleic acid at a concentration of about 7.56 umol/kg and
a sterol at a concentration of about 2.61 ymol/kg. In certain embodiments, the T-cell
expansion composition comprses octanoic acid at a concentration of about 63.75 umoi/kg,
palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at a concentration of
about 7.57 umol/kg. oleic acid at a concentration of 7.56 pmol/kg and a sterol at a
concentration of 2.61 umol/kg. In certain embodiments, at least 2%, 5%, 10%., [5%, 209,
25%, 30%, 35%, 40%, 459, 50%, 60%, 63%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or anv
percentage in between of cells the composition comprising a plurality of expanded modified
Tscm and a plurality of expanded modified Towm expresses cell-surface marker(s) of a stem
memory T cell (Tsem). In certain embodiments, at least 2%, S%. 10%, 13%, 20%, 25%, 309,
35%, 40%, 45%. 50%, 60%0., 65%. 70%, 75%, &0%. 85%, 90%, 95%. 99% or any percentage
in between of cells the composition comprising a plurality of cxpanded modified Tsem and a
plurality of expanded modified Tem expresses cell-surface marker(s) of a central memory T
cell (Tem). In certain embodiments, the method further comprises the step of: (d} enriching
the composition to produce a composition comprising at least 2%, 5%, 10%., 15%, 20%,
25%. 30%, 35%, 40%. 45%, 50%, 60%. 65%, 70%, 75%. 80%, 85%, 90%. 95%, 99% or any
percentage in between of moditfied T-cells that express cell-surface marker(s) of a stem
memory T cell (Tsem). In certain embodiments, the method further comprises the step of: (d)
enriching the composition to produce a composition comprising at least 2%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45%, 50%, 60%, 65%., 70%, 75%, 80%, 85%, 90%, 95%, 99%
or any percentage in between of modified T-cells that express cell-surface marker(s) of a
central memory T cell (Tewm). In certain embodiments, the enriching step further comprises
isolating modified T-cells that express one or more ccll-surface marker(s) of a stem memory
T cell (Tsenm) from the composition or isolating modified T-cells that express one or more
cell-surface marker(s) of a central memory T cell (Tem) from the composition. In certain

embodiments, the enriching step further comprises isolating modified T-cells that express one
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or more ccll-surtace marker(s) of a stem memorv T cell (Tsewm) from the composition and
1solating modified T-cells that express one or more cell-surface marker(s) of a central
memory T cell (Tem) from the composition. In certain embodiments, the enriching step
further comprises contacting the isolated modified Tsom and/or Tom and a T-cell expansion
composition comprising one or more of human serum albumin, recombinant human insulin,
human transfernn, 2-Mercaptocthanol. Iscove’s MDM, and an expansion supplement to
produce a composition comprising a plurality of expanded enriched modified Tscm and/or
Tom. In certain embodiments, the T-cell expansion composition further comprises one or
more of octanoic acid, nicotinamide, 2,4,7 9-tetramethyl-5-decyn-4,7-diol (TMDD),
diisopropvl adipate (DIPA), n-butyl-benzenesulfonamide, ,2-benzenedicarboxylic acid,
bis(2-methylpropyl) ester, palmitic acid, linoleic acid, oleic acid, stearic acid hydrazide,
olcamide, a sterol and an alkane. In certain embodiments, the T-cell expansion composition
comprises one or more of octanoic acid. palmitic acid, linoleic acid, oleic acid and a sterol
(c.g. cholesterol}. In certain embodiments, the T-cell expansion composition comprises one
or more of octanoi¢ acid at a concentration of between 0.9 meg/kg to 90 mg/kg, inclusive of
the endpoints; palmitic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive
of the endpoints; linoleic acid at a concentration of between 0.2 mgikg to 20 mg/kg, inclusive
of the endpoints; oleic acid at a concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the
endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the
endpoints (wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 9 mg/kg,
palmitic acid at a concentration of about 2 mg/kg, linoleic acid at a concentration of about 2
mg/kg, oleic acid at a concentration of about 2 mg/kg, and a sterol at a concentration of about
I mg/kg (wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of 9.19 mg'kg.
palmitic acid at a concentration of 1.86 mg/kg, linoleic acid at a concentration of about 2.12
mg/kg, oleic acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration of
about .01 mg/kg (wherein mg/kg = parts per mitlion). In certain embodiments, the T-cell
expansion composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic
acid at a concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic
acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg
(wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion

composition comprises ong or more of octanoic acid at a concentration of between 6 4
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umol/kg and 640 umol/kg, inclusive of the endpoints; palmitic acid at a concentration of
between 0.7 umol/kg and 70 pmol’kg, inclusive of the endpoints; linoleic acid at a
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; oleic acid
at a concentration of between .75 pmol/kg and 75 pmol/kg, inclusive of the endpoints; and
a sterol at a concentration of between 0.25 pmol/’kg and 25 pmol/kg, inclusive of the
endpoints. In certain embodiments, the T-cell expansion composition comprises one or more
of octanoic acid at a concentration of about 64 umol/kg, palmitic acid at a concentration of
about 7 umol/kg, linoleic acid at a concentration of about 7.5 pmol/kg. olcic acid at a
concentration of about 7.5 nmol/kg and a sterol at a concentration of about 2.5 pmol/kg. In
certain embodiments, the T-cell expansion composition comprises one or more of octanoic
acid at a concentration ot about 63.75 umol/kg, palmitic acid at a concentration of about 7.27
numoli/kg, linoleic acid at a concentration of about 7.57 pmol/kg. oleic acid at a concentration
of about 7.56 pmol/kg and a sterol at a concentration of about 2.61 umol/kg. In certain
embodiments, the T-cell expansion composition comprises octanoic acid at a concentration of
about 63.75 umol/kg, palmitic acid at a concentration of about 7.27 umol/kg, linoleic acid at
a concentration of about 7.57 pmol/kg, olcic acid at a concentration of 7.56 umol/kg and a
sterol at a concentration of 2.61 umol’kg. In certain embodiments of this method, the
modified stem memory T-cells (Tscom) comprise at least 1%, 2%, 5%, 7%, 10%. 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%. 70%, 75%, 80%, 85%, 90%, 95%, 97%,
99% or any percentage of cells in between of the total number of cells of the composition. In
certain embodiments of this method. the modified central memory T-cells (Tom) comprise at
least 1%, 2%, 5%, 7%, 10%, 13%. 20%, 25%. 30%. 35%, 40%, 45%. 50%, 55%, 60%. 65%,
T70%. 75%, 80%, 85%. 90%, 95%, 97%. 99% or anv percentage of cells in between of the
total number of cells of the composition. In certain embodiments of this method, the modified
stem memory T-cells (Tsem) comprise at least 10% of the total number of cells of the
composition and the modified central memory T-cells (Tem) comprise at least 90% of the
total number of cells of the composition. In certain embodiments of this method, the modified
stem memory T-cells (Tsem) comprise at least 90% of the total number of cells of the
composition and the modified central memory T-cells (Tenm) comprise at least 10% of the
total number of cells of the composition. In certain embodiments of this method. the modificd
stem memory T-cells (Tsem) comprise at least 20% of the total number of cells of the
composition and the modified central memory T-cells (Tem) compnise at least 0% of the
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stem memory T-cells (Tsem) comprise at least 80% of the total number of cells of the
composition and the moditied central memory T-cells {Tem) comprise at least 20% of the
total number of cells of the composition. In certain embodiments of this method, the modified
stem memory T-cells (Tsom) comprise at least 30% of the total number of cells of the
composition and the modified central memory T-cells (Tem) comprise at least 70% of the
total number of cells of the composition. In certain embodiments of this method, the modified
stem memory T-cells (Tscm) comprise at least 70% of the total number of cells of the
composition and the modified central memory T-cells (Tem) comprise at least 309 of the
total number of cells of the composition. In certain embodiments of this method, the modified
stem memory T-cells (Tsem) comprise at least 40% of the total number of cells of the
composition and the modified central memory T-cells {Tenm) comprise at least 60% of the
total number of cells of the composition. In certain embodiments of this method, the modificd
stem memory T-cells (Tsem) comprise at least 60% of the total number of cells of the
composition and the modified central memory T-cells (Tenm) comprise at least 40% of the
total number of cells of the composition. In certain embodiments of this method, the medified
stem memory T-cells (Tsem) comprise at least 50% of the total number of cells of the
composition and the moditied central memory T-cells {Tem) comprise at least 50% of the
total number of cells of the composition.

{049] In certain embodiments of the methods of the disclosure, including those wherein the
mcthod comprises introducing into a primary human T cell (a) introducing into a primary
human T cell a composition comprising an antigen receptor to produce a modified T cell,
wherein a transposon comprises the antigen receptor, and (b} contacting the modified T cell
and a T-cell activator composition comprising onc or more of an anti-human C3
monospecific tetrameric antibody complex, an anti-human CD28 monospecific tetrameric
antibody complex and an activation supplement to produce an activated modified T-cell, the
method further comprises introducing into the primary human T cell (¢) a second transposon
composition comprising a transposon comprising a therapeutic protein, to produce a modified
T cell, wherein the modified T cell is capable of expressing the therapeutic protein. {n certain
embodiments, the therapeutic protein is a secretable protein and the method produces a
modified T cell capable of scereting the therapeutic protein. fn certain embodiments, the
method further comprises introducing a transposase composition. in certain embodiments, the
transposase composition transposes the transposon of (a) and the second transposon. In

certain embodiments, the method comprises introducing a first transposase composition and a
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second transposasc composition. In certain embodiments, including those wherein the
method comprises introducing a first transposase composition and a second transposase
cotmposition, the first transposase composition transposes the transposon of (a) and the
second transposase composition transposes the second transposon. In certain embodiments of
this method, the transposon is a plasmid DNA transposon with a sequence encoding the
antigen receptor or the therapeutic protein flanked by two cis-regulatory msulator clements.
In certain embodiments, the transposon 1s a piggyBac transposon. In certain embodiments,
and, 1n particular, those embodiments wherein the transposon is a piggyBac transposon, the
transposase 1s a piggyBac™ or a Super piggyBact™ (SPB) transposase. In certain
embodiments of this method, the transposon is a Sleeping Beauty transposon. In certain
embodiments, and, in particular, those embodiments wherein the transposon is a Sleeping
Beauty transposon, the transposase is a Sleeping Beauty transposase or a hyperactive
Sleeping Beauty transposase (SB100X). In certain embodiments of this method, the
transposon 1s a Helraiser transposon. In certain embodiments, and, in particular, those
embodiments wherein the transposon is a Helraiser transposon, the transposase 1s a Helitron
transposase. In certain embodiments of this method, the transposon is a Tol2 transposon. In
certain embodiments, including those cmbodiments wherein the transposon is a Tol2
transposon, the transposase is a Tol2 transposase.

{056] In certain embodiments of the methods of the disclosure, including those wherein the
method comprises introducing into a primary human T cell (a) introducing into a primary
human T cell a composition comprising an antigen receptor to produce a modified T cell,
wherein a transposon comprises the antigen receptor, and (b} contacting the modified T cell
and a T-cell activator composition comprising onc or more of an anti-human CD3
monospecific tetrameric antibody complex, an anti-human CD28 monospecific tetrameric
antibody complex and an activation supplement to produce an activated modified T-cell, the
method further comprises introducing into the primary human T cell a sequence encoding a
therapeutic protein, to produce a modified T cell, wherein the modified T cell is capable of
expressing the therapeutic protein. In certain embodiments of introducing a sequence
encoding a therapeutic protein, the introducing step comprises a homologous recombination.
In certain embodiments of introducing a sequence encoding a therapeutic protein, a vector
comprises the sequence encoding the therapeutic protein. In certain embodiments, the vector

1s a viral vector. In certain embodiments, the vector is a nanoparticle.
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{051] In certain embodiments of the methods of the disclosure, the introducing step further
comprises a composition comprising a genomic editing construct. In certain embodiments,
the genomic editing construct comprises a guide RNA and a clustered regularly interspaced
short palindromic repeats (CRISPR) associated protein 9 {Cas9) DNA endonuclease. In
certain embodiments, the genomic editing construct compriscs a DNA binding domain and a
tvpe IS endonuclease. In certain embodiments, the genomic editing construct encodes a
fusion protein. In certain embodiments, the genomic editing construct encodes the DNA
binding domain and the type 1S endonuclease and wherein the expressed DNA binding
domain and the expressed type IS endonuclease are non-covalently hinked. In certain
embodiments, including those embodiments wherein the genomic editing constrict comprises
a DNA binding domain and a type IIS endonuciease, the genomic editing constnict comprises
a sequence denved from a Cas9 endonuclease. In certain embodiments, including thosc
embodiments wherein the genomic editing construct comprises a DNA binding domain and a
type IS endonuclease, the sequence derived from a Cas® endonuciease is the DNA binding
domain. In certain embodiments, including those embodiments wherein the sequence derived
from a Cas9 cndonuclease is the DNA binding domain, the scquence derved from a Cas9
endonuclease encodes an inactive Cas9. In certain embodiments, including those
embodiments wherein the sequence derived from a CasY endonuclease is the DNA binding
domain, the scquence derived from a Cas9 endonuclease cncodes a truncated Cas9. In certain
embodiments, the sequence derived from a CasY endonuclease comprises an amino acid
substitution of an Alanine (A) for an Aspartic Acid (D) at position 10 (D10GA). In certain
embodiments, the sequence derived from a Cas9 endonuclease comprises an amino acid
substitution of an Alanine (A) for a Histidine (H) at position 840 (H840A). In ccrtain
embodiments, the sequence denved from a Cas9 endonuclease comprises dCas9 (SEQ 1D
NO: 33). In certain embodiments, the sequence dertved from a Cas9 endonuclease comprises
an amino acid substitution of an Alanine (A) for an Asparagine (N} at position 580 (N380A).
In certain embodiments, the sequence derived from a CasY endonuclease comprises dSaCas9
(SEQ ID NO: 32). In certain embodiments, including those embodiments wherein the
genomic editing construct comprises a DNA binding domain and a type HS endonuclease, the
gcnomic cditing construct comprises a sequence derived from a transcription activator-like
effector nuclease (TALEN). In certain embodiments, including those embodiments wherein
the genomic editing construct comprises a DNA binding domain and a type 1S endonuclease,

the sequence derived from a TALEN is the DNA binding domain. In certain embodiments,
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the genomic editing construct comprises a TALEN. In certain embodiments, including thosc
embodiments wherein the genomic editing construct comprises a DNA binding domain and a
type IIS endonuclease, the genomic editing construct comprises a sequence derived from a
zine-finger nuclease (ZFN). In certain embodiments. including those embodiments wherein
the genomic editing construct compriscs a DNA binding domain and a tvpe IS endonuclcasc.
the sequence derived from a ZFN is the DNA binding domain. In certain embodiments, the
genomic editing construct comprises a zing-finger nuclease (ZFN).

{052] In certain embodiments of the methods of the disclosure, the transposon is a plasmid
DNA transposon with a sequence encoding the antigen receptor or the therapeutic protein
flanked by two cis-regulatory insulator elements. In certain embodiments of this method, the
introducing step further comprises a composition comprising an mRNA sequence encoding a
transposase. In certain embodiments. the transposon is a piggyBac transposon. In certain
embodiments, and, in particular, those embodiments wherein the transposon i1s a piggyBac
transposon, the transposase is a Super piggyBac™ (SPB) transposase. In certain
embodiments, and, in particular, those embodiments wherein the transposase is a Super
piggvBac™ {SPB) transposasc. the scquence encoding the transposase is an mRNA
sequence. In certain embodiments, the piggyBac transposase comprises an amino acid
sequence comprising SEQ 1D NO: 4. In certain embodiments, the piggyBac transposase is a
hyperactive variant and the hyperactive vanant comprises an amino acid substitution at one
or more of positions 30, 165, 282 and 538 of SEQ ID NO: 4. In certain embodiments, the
amino acid substitution at position 30 of SEQ ID NO: 4 is a substitution of a valine (V) for an
isoleucine (I) (I30V). In certain embodiments, the amino acid substitution at position 165 of
SEQ ID NO: 4 1s a substitution of a serine (S) for a glvcine (G) (G165S). In certain
embodiments, the amino acid substitution at position 282 of SEQ 1D NO: 4 1s a substitution
of a valine (V) for a methionie (M) (M282V). In certain embodiments, the amino acid
substitution at position 538 of SEQ ID NO: 4 is a substitition of a lysine (K) for an
asparagine (N) (N538K). In certain embodiments, the Super piggyBac (SPB) transposase
comprises an anino acid sequence comprising SEQ ID NO: 5. In certain embodiments, the
transposon is a Sleeping Beauty transposon. fn certain embodiments, and, in particular, those
embodiments wherein the transposon is a Sleeping Beauty transposon, the transposase is a
Sleeping Beauty transposase or a hvperactive Sleeping Beauty transposase (SB100X). In
certain embodiments, the transposon is a Helraiser transposon. In certain embodiments, in

particular those embodiments wherein the transposon is a Helraiser transposon, the
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transposasc is a Helitron transposase. In certain embodiments, the transposon is a Tol2
transposon. In certain embodiments, in particular those embodiments wherein the transposon
1s a Tol2 transposon, the transposase 1s a Tol2 transposase. In certain embodiments, the
sequence encoding the transposase is an mRNA sequence. In certain embodiments, the
transposon may be derived or recombined from any species. Altematively, or in addition, the
transposon may be synthetic.

{053] In certain embodiments of the methods of the disclosure, the transposon further
comprises a selection gene. fn certain embodiments, the T-cell expansion composition further
comprises a selection agent.

[054] In certain embodiments of the methods of the disclosure, the antigen receptoris a T-
cell receptor. In certain embodiments, the T-cell receptor is naturallyv-occurring. In certain
embodiments, the T-cell receptor is not naturallv-occurring. In certain embodiments, and, in
particular, those embodiments wherein the T-cell receptor is not naturally-occurring, the T-
cell receptor comprises one or more mutation{s) compared to a wild-type T-cell receptor. In
certain embodiments, and, in particular. those embodiments wherein the T-cell receptor is not
naturallv-occurring, the T-cell receptor is a recombinant T-cell receptor. In certain
embodiments of this method, the antigen receptor 1s a Chimeric Antigen Receptor (CAR). In
certain embodiments, the CAR 1s a CARTyrin. In certain embodiments, the CAR comprises
onc or more VHH sequence(s). In certain embodiments, the CAR isa VCAR.

[855] In certain embodiments of the methods of the disclosure, the cell-surface markers of
the modified Tscm comprise CD62L and CD45RA. In certain embodiments, the cell-surface
markers of the modified Tscm comprise one or more of CD62L, CD45RA, CD28, CCR7.
CD127. CD435R0, CD95. CDY95 and IL-2R[. In certain embodiments, the cell-surface
markers of the modified Tscm comprise one or more of CD45RA, CD9S5, IL-2Rp, CR7, and
CD62L.

[056] In certain embodiments of the methods of the disclosure. the plurality of expanded
modified T-cells comprises a naive T-cell (modified Tw) and the cell-surface markers of the
CAR-Tw comprise one or more of CD45RA, CCR7 and CD62L. In certain embodiments, the
plurality of expanded modified T-cells comprises a central memory T-cell {modified Towm)
and the cell-surface markers of the CAR-Tom comprise one or more of CD45R0O, CDYS | TL.-
2RP, CCR7, and CD62L. In certain embodiments, the plurality of expanded modified T-cells
comprises an effector memory T-cell {(modified Tem) and the cell-surface markers of the

CAR-Tam comprisc one or more of CD45R0, CD95. and H.-2R§. In certain embodiments,
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plurality of expanded modified T-celis comprises an cffector T-cell {modified Terr) and the
cell-surface markers of the CAR-Trrr comprise one or more of CD45RA, CD93, and [L-2Rp.
{057} In certain embodiments of the methods of the disclosure, the plurality of expanded
modified T-cells comprises a central memory T-cell (modified Tem) and the cell-surface
markers of the CAR-Tem comprise one or more of CD45RO. CDYS, 11L-2RB, CCR7, and
CD62L. In certain embodiments, the most abundant cell in the plurality of expanded
modified T-cells i1s a central memory T-cell (modified Tom) and the cell-surface markers of
the CAR-Tom comprise one or more of CD45R0O, CI395, IL-2RPB, CCR7. and CDH2L. In
certain embodiments, wherein the most abundant cell in the plurality of expanded modified
T-cells is a central memory T-cell (modified Tewm), the plurality of expanded modified T-cells
comprises a Tsewm cell and the cell-surface markers of the Tsem cell comprise one or more of
CD62E. CD45RA, CD28. CCR7, CDI27, CD43RO. CDY5, CDOS and TL-2RL.

{058] The disclosure provides a method of producing a modified stem memory T cell
(Tscm), comprising: (a) introducing into a primary human T cell a composition comiprising a
chimeric antigen receptor (CAR) to produce a CAR-T cell and (b) contacting the CAR-T cell
and a T-cell activator composition comprising one or more of an anti-human CD3
monospecific tetrameric antibody complex, an anti-human CD28 monospecific tetrameric
antibody complex. an anti-human CD2 monospecific tetrameric antibody complex and an
activation supplement to produce an activated CAR-T cell, wherein the activated CAR-T cell
expresses one or more cell-surface marker(s) of a stem memory T cell (Tscu), thereby
producing a CAR-expressing stem memory T cell (Tsen) (CAR-Tscewm). The disclosure
provides a method of producing a plurality of modified stem memory T cells (Tsewm),
comprising: (a) introducing 1nto a plurality of primary human T cells a composition
comprising a chimenic antigen receptor (CAR) to produce a plurality of CAR-T cells and (b)
contacting the plurality of CAR-T cells and a T-cell activator composition comprising one or
more of an anti-human CD3 monospecific tetrameric antibody complex, an anti-human CD28
monospecific tetrameric antibody complex, an anti-human CD2 monospecific tetrameric
antibody complex and an activation supplement to produce a plurality of activated CAR-T
cells, wherein at least 2%, 5%, 10%, 153%. 20%, 25%, 30%. 35%, 40%, 45%. 50%, 60%,
65%. 70%, 75%, 80%. 85%, 90%, 93%. 99% or anv percentage in between of the plurality of
activated CAR-T cells expresses one or more cell-surface marker(s) of a stem memory T cell
(Tscw), thereby producing a plurality of activated CAR stem memory T cells (Tseum). In

certain ¢embodiments, the method produces a plurality of activated CAR-T cells, wherein at
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least 25% of the plurality of activated CAR-T cells expresses one or more cell-surtace
marker(s) of a stem memory T cell (Tscw), thereby producing a plurality of activated CAR
stem memory T cells (Tscm). In certain embodiments, the method produces a plurality of
activated CAR-T cells. wherein at least 50% of the plurality of activated CAR-T cells
expresses one or more cell-surface marker(s) ot a stem memory T cell (Tsem), thereby
producing a plurality of activated CAR stem memory T cells {Tsem). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at least 6% of the
plurality of activated CAR-T cclls expresses one or more cell-surface marker(s) of a stem
memory T cell (Tscm), thereby producing a plurality of activated CAR stem memory T cells
(Tscm). In certain embodiments, the method produces a plurality of activated CAR-T cells,
wherein at least 75% of the plurality of activated CAR-T cells expresses one or more cell-
surface marker(s) of a stem memory T cell (Tscwm), thereby producing a plurality ot activated
CAR stem memory T cells (Tsew). In certain embodiments, the method produces a plurality
of activated CAR-T cells, wherein at least 8096 of the plurality of activated CAR-T cells
expresses onc or more cell-surface marker(s) of a stem memory T cell (Tsewm), thereby
producing a plurality of activated CAR stem memory T cells (Tsem). In certain embodiments.
the method produces a plurality of activated CAR-T ccells, wherein at least 85% of the
plurality of activated CAR-T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tsewm), thereby producing a plurality of activated CAR stem memory T cells
{Tscm). In certain embodiments, the method produces a plurality of activated CAR-T cells,
wherein at least 909 of the plurality of activated CAR-T cells expresses one or more celi-
surface marker(s} of a stem memory T cell {Tscm), thereby producing a plurality of activated
CAR stem memory T cells (Tsca). In certain embodiments, the method produces a plurality
of activated CAR-T cells, wherein at least 95% of the plurality ot activated CAR-T cells
expresses one or more cell-surface marker(s) of a stem memory T cell (Tsewm), thereby
producing a plurality of activated CAR stem memory T cells {Tscat}. In certain embodiments,
the cell-surface markers comprise CD62L and CD45RA. In certain embodiments, the cell-
surface markers of the activated CAR Tscw comprise one or more of CD62L, CD45RA,
CD28. CCR7,CD127, CD45R0, CDY5, CDY95 and IL-2R. In certain embodiments. the cell-
surface markers of the activated CAR Tsca comprise one or more of CD45SRA, CD95, 11L-
2RP, CR7, and CD62L. The disclosure provides a method of producing a moditied stem
memory T cell (Tsewm), comprising: (a) introducing into a primary human T cell a

composition comprising a chimeric antigen receptor {CAR) to produce a CAR-T cell and (b)
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contacting the CAR-T cell and a T-cell activator composition comprising one or more of an
anti-human CD3 monospecific tetrameric antibody complex, an anti-human CD28§
monospecific tetrameric antibody complex and an activation supplement to produce an
activated CAR-T cell, wherein the activated CAR-T cell expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsenm), thereby producing a CAR-expressing stem
memory T cell {Tsem) (CAR-Tsem).

{059} The disclosure provides a method of producing a plurality of modified stem memorv
T cells (Tscm), comprising: (a) introducing into a plurality of primary human T cells a
composition comprising a chimeric antigen receptor {CAR) to produce a plurality of CAR-T
cells and (b) contacting the plurality of CAR-T cells and a T-cell activator composition
comprising one or more of an anti-human CDB3 monospecific tetrameric antibody complex,
an anti-human CD28 monospecific tetrameric antibody complex and an activation
supplement to produce a plurality of activated CAR-T cells, wherein at least 2%, 3%, 10%,
15%, 209, 25%, 30%, 3596, 40%, 45%, 50%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
99% or any percentage in between of the plurality of activated CAR-T cells expresses one or
more cell-surface marker(s) of a stem memory T cell (Tscwm), thereby producing a plurality of
activated CAR stem memory T cells (Tsom). In certain embodiments, the method produces a
plurality of activated CAR-T cells, wherein at least 25% of the plurality of activated CAR-T
cells expresses one or more celi-surface marker(s) of a stem memory T cell (Tscwm). thereby
producing a plurality of activated CAR stem memory T cells (Tsem). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at least 50% of the
plurality of activated CAR-T cells expresses one or more cell-surface marker{s) of a stem
memory T cell (Tscw). thereby producing a plurality of activated CAR stem memory T cells
(Tscm). In certain embodiments, the method produces a plurality of activated CAR-T cells,
wheremn at least 60% of the plurality of activated CAR-T cells expresses one or more cell-
surface marker(s) of a stem memory T cell (Tsom), thereby producing a plurality of activated
CAR stem memory T cells (Tscw). In certain embodiments, the method produces a plurality
of activated CAR-T cells, wherein at least 75% of the plurality of activated CAR-T cells
expresses one or more cefl-surface marker(s) of a stem memory T cell (Tsom), thereby
producing a plurality of activated CAR stem memory T cells (Tscm). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at least 80% of the
plurality of activated CAR-T cells expresses one or more cell-surface marker(s) of a stem

memory T cell (Tsowm), thereby producing a plurality of activated CAR stem memory T cells
- 63 -



WO 2018/064681 PCT/US2017/054799

(Tscm). In certain embodiments, the method produces a plurality of activated CAR-T cells,
wherem at least 85% of the plurality of activated CAR-T cells expresses one or more cell-
surface marker(s) of a stemn memory T cell (Tscu), thereby producing a plurality of activated
CAR stem memory T cells {Tsewm). In certain embodiments. the method produces a plurality
of activated CAR-T cells, wherein at least 90% of the plurality of activated CAR-T cells
expresses one or more cell-surface marker(s) of a stem memory T cell (Tscw), thereby
producing a plurality of activated CAR stem memory T cells (Tscem). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at fcast 95% of the
plurality of activated CAR-T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tscwm), thereby producing a plurality of activated CAR stem memory T cells
(Tscm). In certain embodiments. the cell-surface markers comprise CD62L and CD45RA. In
certain embodiments, the cell-surface markers of the activated CAR Tsem comprisc one or
more of CD62L., CD45RA, CD28, CCR7, CD127, CD45RO, CDY5, CDYS and IL-2Rf. In
certain embodiments, the cell-surface markers of the activated CAR Tsem comprise one or
morc of CD45RA, CD95_1L-2RB, CR7. and CD62L.

{066} In certain embodiments, this method may further comprisc the step of: (c) contacting
the activated CAR-T cell and a T-cell expansion composition comprising one or more of
human serum albumin, recombinant human insulin, human transferrin, 2-Mercaptocethanol,
Iscove’s MDM, and an expansion supplement to produce a plurality of expanded CAR-T
cells, wherein at least 2% of the plurality of expanded CAR-T cells expresses one or more
cell-surface marker(s} of a stem memory T cell (Tsca) (CAR-Tscn). In certain embodiments,
the T-cell expansion composition further comprises one or more of octanoic acid,
nicotinamide, 2.4,7 9-tetramethyl-5-decyn-4.7-diol (TMDD). dusopropyl adipatc (DIPA), n-
butyl-benzencsulfonamide. 1,2-benzenedicarboxylic acid, bis(2-methvipropyl) ester, palmitic
acid, hnoleic acid, oleic acid, stearic acid hydrazide, oleanuide, a sterol and an alkane. In
certain ¢embodiments, the T-cell expansion composition comprises one or more of octanoic
acid, palmitic acid, linoleic acid, oleic acid and a sterol {¢.g. cholesterol). In certain
embodiments, the T-cell expansion composition comprises one or more of octanoic acid at a
concentration of between 0.9 mg/kg to 90 mg/kg. inclusive of the endpoints; palmitic acid at
a concentration of between 0.2 mg/kg to 20 mg/kg. inclusive of the endpoints: inolcic acid at
a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; oleic acid at a
concentration of 0.2 mg/kg to 20 mg/kg, inclusive of the endpoints; and a sterol at a

concentration of about 0.1 mg/kg to 10 mg/kg. inclusive of the endpoints (wherein mg/kg =
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parts per million). In certain embodiments. the T-cell expanston composition comprises one
or more of octanoic acid at a concentration of about 9 mg/kg, palmitic acid at a concentration
of about 2 mg/kg, linoleic acid at a concentration of about 2 mg/kg, oleic acid at a
concentration of about 2 mg/kg, and a sterol at a concentration of about 1 mg/kg (wherein
mg/kg = parts per million}. In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of 9.19 mg/kg, palmitic acid ata
concentration of 1.86 mg/kg, linoleic acid at a concentration of about 2.12 mg/kg, oleic acid
at a concentration of about 2.13 mg/kg, and a sterol at a concentration of about 1.01 mg/kg
{wherein mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises octanoic acid at a concentration of 9.19 mg/kg, palmitic acid at a
concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic acid ata
concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg (wherein
mg/kg = parts per million). In certain embodiments. the T-cell expansion composition
comprises one or more of octanoic acid at a concentration of between 6.4 pmol/kg and 640
umol/kg. inclusive of the endpoints; palmitic acid at a concentration of between 0.7 umolkg
and 70 umol/kg, inclusive of the endpoints; linoleic acid at a concentration of between 0.75
umol/kg and 75 umol/kg, inclusive of the endpoints; oleic acid at a concentration of between
0.75 umol/kg and 75 pmol/kg, inclusive of the endpoints; and a sterol at a concentration of
between 0.25 umol/kg and 25 umol/kg. inclusive of the endpoints. In certain embodiments,
the T-cell expansion composition comprises one or more of octanoic acid at a concentration
of about 64 umolikg, palmitic acid at a concentration of about 7 umol/kg, linoleic acid at a
concentration of about 7.5 pumol/kg, oleic acid at a concentration of about 7.5 pmol/kg and a
sterol at a concentration of about 2.5 umol/kg. In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 63.75
umol/kg, palmitic acid at a concentration of about 7.27 pmol/kg. linoleic acid at a
concentration of about 7.57 pmol/kg. oleic acid at a concentration of about 7.56 pumol/kg and
a sterol at a concentration of about 2.61 umol/kg. In certain embodiments. the T-cell
expansion composition comprises octanoic acid at a concentration of about 63.75 pmol/kg,
palmitic acid at a concentration of about 7.27 umol/kg. linoleic acid at a concentration of
about 7.57 pmol/kg, oleic acid at a concentration of 7.56 pmol/kg and a sterol at a
concentration of 2.61 umol/kg. In certain embodiments, at least 2%, 5%, 10%, 15%. 20%,
25%, 30%, 35%, 40%, 45%, 50%, 60%, 65%., T0%, 75%, 80%, 85%, 90%, 95%, 99% or any

percentage in between of the plurality of expanded CAR-T cells expresses cell-surface
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marker(s) of a stem memory T cell (Tscm) (CAR-Tsem). In certain embodiments, the
plurality of expanded CAR-T cells may be enriched for CAR-T cells that express cell-surface
marker(s) of a stern memory T cell (Tscm) (CAR-Tscwm), and, therefore, following an
enrichment step, the method may produce an enriched composition comprising at least 2%,
5%, 10%. 15%, 20%, 25%. 30%, 35%, 40%. 45%, 30%, 60%. 65%, 70%, 75%. 80%, §3%,
90%, 95%, 99% or any percentage in between of CAR-T cells that express cell-surface
marker(s) of a stem memory T cell (Tsom) (CAR-Tsem). In certain embodiments, the cell-
surface markers comprise CD62L. and CD45RA. {n certain embodiments, the cell-surface
markers of the CAR-Tscm comprise one or more of CD621L., CD45RA, CD28, CCR7,
CD127, CD45RO, CD93, CD95 and IL-2RJ. In certain embodiments, the cell-surface
markers of the CAR-Tscm comprise one or more of CD45RA, CD95, FL-2RB, CR7, and
CD62L.. In certain embodiments. the plurality of expanded CAR-T cells comprises a naive T-
cell (CAR-Tn) and the cell-surface markers of the CAR-Tx comprise one or more of
CD45RA, CCR7 and CD62L. In certain embodiments, the plurality of expanded CAR-T cells
comprises a central memory T-cell (CAR-Teow) and the cell-surface markers of the CAR-Teowm
comprise one or more of CD45SRO, CD95, 1L-2RB, CCR7. and CD62L. In certain
embodiments, the plurality of expanded CAR-T cells comprises an effector memory T-cell
(CAR-Trwm) and the cell-surface markers of the CAR-Tew comprise one or more of CD45R0,
CDY5, and [L-2ZRP. In certain embodiments, the plurality of expanded CAR-T cells
comprises an effector T-cell {CAR-Trrr) and the cell-surface markers of the CAR-Terr
conmprise one or more of CB45RA, CD95, and IL-2RJ. Additional cell-surface markers are
described 1 Gattinoni et al. {Nat Med. 2011 Sep 18; 17¢(10): 1290-7; the contents of which
are incorporated herein by reference in their entirety ).

[361] The disclosure provides a method of producing a modified stem memory T cell
(Tscn), comprising: (a) introducing into a primary human T cell a composition comprising a
chimeric antigen receptor (CAR) to produce a CAR-T cell and (b) contacting the CAR-T cell
and a T-cell activator composition comprising on¢ or more ot an anti-human CD3
monospecific tetrameric antibody complex, an anti-human CD28 monospecific tetrameric
antibody complex and an activation supplement to produce an activated CAR-T cell, wherein
the activated CAR-T cell expresses one or more cell-surface marker(s) of a stem memorv T
cell (Tscwm), thereby producing a CAR-expressing stem memory T cell (Tsem) (CAR-Tsem).
The disclosure provides a method of producing a plurality of modified stem memory T cells

(Tscw), comprising: (a) introducing into a plurality of primary human T cells a composition
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comprising a chimeric antigen receptor (CAR) to produce a plurality of CAR-T cells and (b)
contacting the plurality of CAR-T cells and a T-cell activator composition comprising onc or
more of an anti-human CD3 monospecific tetrameric antibody complex, an anti-human CD28
monospecific tetrameric antibody complex and an activation supplement to produce a
plurality of activated CAR-T cells. wherein at least 2%. 5%, 10%, 15%. 20%, 25%, 30%.
33%, 409, 45%, 50%, 6%, 65%, T0%, 75%, 80%, 85%, 90%, 95%, 99% or any pcrcentage
in between of the plurality of activated CAR-T cells expresses one or more cell-surface
marker(s) of a stem memory T cell (Tsom). thereby producing a plurality of activated CAR
stem memory T cells (Tscam). In certain embodiments, the method produces a plurality of
activated CAR-T cells, wherein at least 25% of the plurality of activated CAR-T cells
expresses ong or more cell-surface marker(s) of a stem memory T cell (Tsowm). thereby
producing a plurality of activated CAR stem memory T cells (Tsewm). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at least 50% of the
plurality of activated CAR-T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tsom), thereby producing a plurality of activated CAR stem memory T cells
{Tscm). In certain embodiments, the method produces a plurality of activated CAR-T cells,
wherem at least 60% of the plurality of activated CAR-T cells expresses one or more cell-
surface marker(s) of a stem memory T cell (Tscwm), thereby producing a plurality of activated
CAR stem memory T celis (Tsem). In certain embodiments, the method produces a plurality
of activated CAR-T cells, wherein at least 75% of the plurality of activated CAR-T cells
expresses one or more cell-surface marker(s) of a stemn memory T cell (Tscwm), thereby
producing a plurality of activated CAR stem memory T cells (Tscm). In certain embodiments,
the method produces a plurality of activated CAR-T cells, wherein at least 80% of the
plurality of activated CAR-T cclls expresses one or more cell-surface marker(s) of a stem
memory T cell (Tscwm), thereby producing a plurality of activated CAR sterm memory T cells
(Tsem). In certain embodiments, the method proeduces a plurality of activated CAR-T cells,
wherein at least 85% of the plurality of activated CAR-T cells expresses one or more cell-
surface marker(s} of a stem memorv T cell (Tscm), thereby producing a plurality of activated
CAR stem memory T cells (Tscv). In certain embodiments, the method produces a plurality
of activated CAR-T cells, wherein at least 90% of the plurality of activated CAR-T cells
expresses one or more cell-surface marker(s) of a stem memory T cell (Tsenm), thereby
producing a plurality of activated CAR stem memory T cells (Tscnm). In certain embodiments,

the method produces a plurality of activated CAR-T cells, wherein at least 95% of the
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plurality of activated CAR-T cells expresses one or more cell-surface marker(s) of a stem
memory T cell (Tscm), thereby producing a plurality of activated CAR stem memory T cells
(Tscm). In certain embodiments, the cell-surface markers comprise CD62L and CD45RA . In
certain ¢mbodiments, the cell-surface markers of the activated CAR Tsew comprise one or
more of CD62L, CD45RA. CD28, CCR7, CD127. CD45SRO, CDY5, CDYS and [L-2Rp. In
certain embodiments, the cell-surface markers of the activated CAR Tsem comprise one or
more of CD43RA, CD935, IL-2RB. CR7, and CD62L.

{062}  In certain embodiments of the methods of the disclosure, the plurality of expanded
CAR-T cells comprises a naive T-cell (CAR-Tx) and the cell-surface markers of the CAR-Tn
compris¢ one or more of CD45RA, CCR7 and CD62L. In certain embodiments, the plurality
ot expanded CAR-T cells comprises a central memory T-cell (CAR-Tewm} and the cell-surface
markers of the CAR-Tem comprise one or more of CD43RO. CD93, [1L.-2RB, CCR7, and
CD62L. In certain embodiments, the plurality of expanded CAR-T cells comprises an
effector memory T-cell (CAR-Tem) and the cell-surface markers of the CAR-Tem comprise
one or more of CD45RO, CDY5, and IL-2RP. In certain embodiments. the plurality of
cxpanded CAR-T cells comprises an effector T-cell (CAR-Twrr) and the cell-surfacc markers
of the CAR-Tesr comprise one or more of CD45RA, CDY3, and L-2Rf.

{063]  In certain embodiments of the methods of the disclosure, a transposon comprises a
chimeric antigen receptor (CAR) of the disclosure. The transposon may be a plasmid DNA
transposon with a sequence encoding the CAR flanked by two cis-regulatory insulator
elements. In certain preferred embodiments, the transposon is a piggyBac transposon. In
certain embodiments, a step introducing a composition comprising a chimeric antigen
rcceptor {CAR) of the disclosure may further a composition comprising an mRNA sequence
encoding a transposase. In certain preferred embodiments, the transposase is a Super
piggyBac™ (SPB) transposase.

{064]  In certain embodiments, a transposon of the disclosure may further comprise a
selection gene. When a transposon of the disclosure comprises a selection gene, the T-cell
expansion composition of the methods of the disclosure may further comprise a selection
agent to simultancously select and expand an activated or modified T cell of the disclosure.
{365] In certain embodiments a CAR of the disclosure may be a CARTyrin. In certain
embodiments, the CAR comprises one or more VHH sequence(s). In certain embodiments,

the CAR 1s a VCAR.
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{066] In certain embodiments of the methods of producing a maoditied Tscm of the
disclosure, the introducing step may comprise an ¢lectroporation or a nucleofection. When
the introducing step comprises a nucleofection, the nucleofection may comprise the steps of:
(a) contacting a transposon composition, a transposase composition, and a composition
comprising a plurality of prmary human T cells in a cuvette; (b) applying one or more
electrical pulses to the cuvette, and {c¢) mcubating the composition comprising the plurality of
primary human T cells in a composition comprising a T-cell expansion composition
comprising one or more of human serum albumin. recombinant human insulin, human
transferrin. 2-Mercaptocthanol, Iscove’s MM, and an expansion supplement at 37°C. In
certain embodiments. the T-cell expansion composition further comprises one or more of
octanoic acid, nicotinamide. 2,4.7 9-tetramethyi-3-decyn-4,7-diol (TMDD}, diisopropyl
adipate (DIPA). n-butyl-benzenesulfonamide. 1.2-benzenedicarboxylic acid, bis(2-
methvlpropvl) ester, palmitic acid, linoleic acid, oleic acid, stearic acid hvdrazide, oleamide,
a sterol and an alkane. In certain embodiments, the T-cell expansion composition comprises
one or more of octanoic acid. palmitic acid, linoleic acid, oleic acid and a sterol {e..
cholesterol). In certain embodiments. the T-cell expansion composition comprises one or
more of octanoic acid at a concentration of between 0.9 mg/kg to 90 mg/kg, inclusive of the
endpoints; palmitic acid at a concentration of between 0.2 mg/kg to 20 mg/kg, inclusive of
the endpoints; linoleic acid at a concentration of between 0.2 mg/kg to 20 mg/kg. inclusive of
the endpoints; oleic acid at a concentration ot 0.2 mg/kg to 20 mg/kg, inclusive of the
endpoints; and a sterol at a concentration of about 0.1 mg/kg to 10 mg/kg, inclusive of the
endpoints (wherein mg/kg = parts per million). In certain embodiments. the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of about 9 mg/kg,
palmitic acid at a concentration of about 2 mg/kg, linoleic acid at a concentration of about 2
mg/kg. oleic acid at a concentration of about 2 mg/kg, and a sterol at a concentration of about
I mg/kg {whercin mg/kg = parts per million). In certain embodiments, the T-cell expansion
composition comprises one or more of octanoic acid at a concentration of 9.19 mg/kg,
palmaitic acid at a concentration of 1.86 mg/kg, linoleic acid at a concentration of about 2.12
mg/kg. oleic acid at a concentration of about 2.13 mg/kg. and a sterol at a concentration of
about 1.01 mg/kg (wherein mg/kg = parts per million). In certam embodiments. the T-cell
cxpansion composition comprises octanoic acid at a concentration ot 9.19 mg/kg, palmitic
acid at a concentration of 1.86 mg/kg, linoleic acid at a concentration of 2.12 mg/kg, oleic

acid at a concentration of about 2.13 mg/kg, and a sterol at a concentration of 1.01 mg/kg
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{wherein mg/kg = parts per million). {n certain embodiments, the T-cell cxpansion
composition comprises one or more of octanoic acid at a concentration of between 6.4
umol/kg and 640 pmol/kg, inclusive of the endpoints; palmitic acid at a concentration of
between 0.7 pmol/ke and 70 pmol/kg, inclusive of the endpoints; linoleic acid at a
concentration of between 0.75 umol/kg and 75 umol/kg, inclusive of the endpoints; oleic acid
at a concentration of between 0.75 pmol/kg and 75 umol/kg, inclusive of the endpoints; and
a sterol at a concentration of between 0.25 pmol/kg and 25 pmol/kg, inclusive of the
endpoints. In certain embodiments, the T-cell expansion composition compriscs one or more
of octanoic acid at a concentration of about 64 pmol/kg, palmitic acid at a concentration of
about 7 umol/kg, linoleic acid at a concentration of about 7.5 pmol/kg, oleic acid at a
concentration of about 7.5 umol/kg and a sterol at a concentration of about 2.5 pmol/kg. In
certain embodiments, the T-cell expansion composition comprises onc or more of octanoic
acid at a concentration of about 63.75 pmol/kg. palmitic acid at a concentration of about 7.27
nmolikg, linoleic acid at a concentration of about 7.57 pmol/kg. oleic acid at a concentration
of about 7.56 pmol/kg and a sterol at a concentration of about 2.61 umol/kg. In certain
embodiments, the T-cell expansion composition comprises octanoic acid at a concentration of
about 63.75 umol/kg, palmitic acid at a concentration of about 7.27 pmol/kg, linoleic acid at
a concentration of about 7.57 pmol/kg, olcic acid at a concentration of 7.56 pmol/kg and a
sterol at a concentration of 2.61 nmol/kg. In certain embodiments of the nucleofection, the
transposon composition is a 0.5 pg/ul solution comprising nuclease free water and the cuvette
comprises 2 pl of the transposon composition to vield 1 ug of transposon. The transposon
composition may comprise a piggy Bac transposon. The transposon compositicn may
comprise a Sleeping Beauty transposon. In certain embodiments of the nuclcofection, the
transposasc composition comprises S pg of transposase. The transposase composition may
comprise a hyperactive piggvBac™ or Super piggvBac™ (SPB} transposase. The transposase
composition may comprise a hyperactive Sleeping Beauty (SB100X) transposase. In certain
embodiments, the transposon may comprise a Helraiser transposon and the transposasc
composition may comprise a Helitron transposase. In certain embodiments, the transposon
may comprise a Tol2 transposon and the transposase composition comprises a Foi2
transposase.

[367] In certain embodiments of the methods of the disclosure, including those
embodiments wherein the introducing step comprises a nucleofection or an electroporation,

the nuclecfecticn comprises contacting a first transposon composition and a first transposase
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composition and a composition comprising a plurality of primary human T cells in a cuvette.
In certain embodiments of the methods of the disclosure, including those embodiments
wherein the introducing step comprises a nucleofection or an electroporation, the
nucleofection comprises contacting a first transposon composition, a second transposon
composition, a first transposase composition and a composition comprising a plurality of
primarv human T cells in a cuvette. In ccrtain ecmbodiments of the methods of the disclosure,
including those embodiments wherein the introducing step comprises a nucleofection or an
clectroporation, the nuclcofection compriscs contacting a first transposon composition, a
sccond transposon composition, a first transposase composition, a second transposase
composition and a composition comprising a plurality of primary human T cells in a cuvette.
In certain embodiments, the first transposon comprises a sequence ¢ncoding an antigen
receptor. In certain embodiments, the second transposon comprises a sequence encoding a
therapeutic protein. In certain embodiments, the first transposon composition and the second
transposon composition are identical. In certain embodiments, the first transposon
composition and the second transposon composition are not identical. In certain
cmbodiments, the first transposase mobilizes the first transposon composition and the sccond
transposon composition. In certain embodiments, the first transposase mobilizes the first
transposon composition but not the s¢cond transposon composition. In certain embodiments,
the second transposase mobilizes the second transposon composition but not the first
transposon composition. in certain embodiments, the first transposase mobilizes the first
transposon composition and the second transposase mobilizes the second transposon
composition. fn certain embodiments, the first transposon composition or the second
transposon composition comprises a seguence encoding an antigen receptor. In certain
embodiments, the first transposon composition or the second transposon composition
comprises a sequence encoding a therapeutic protein. In certain embodiments, the first
transposon composition comprises a sequence encoding an antigen receptor and the second
transposon composition comprises a sequence encoding a therapeutic protein. In certain
embodiments, the therapeutic protein 1s a secreted or secretable protein. In certain
embodiments of the methods of the disclosure, including thosc embodiments wherein the
introducing step comprises a nucleofection or an ¢lectroporation, the nuclcofection comprises
contacting a transposon composition, a first transposase composition, a sccond transposase
composition and a composition comprising a plurality of primary human T cells in a cuvette.

In certain embodiments, the transposon composition comprises a sequence encoding the
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antigen receptor. In certain embodiments, the transposon composition compriscs a sequence
encoding the therapeutic protein. In certain embodiments of the methods of the disclosure,
including those embodiments wherein the itroducing step comprises a nucleofection or an
electroporation, the nucleofection further comprises contacting a composition capable of
inducing homologous recombination at a specific site in the genome with a compaosition
comprising a plurality of primary human T cells in a cuvette. In certain embodiments, the
composition capa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>