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TETHERED INTERLEUKIN-15 AND INTERLEUKIN-21

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims the benefit of U.S. Provisional Patent Application
No. 62/628,454, filed February 9, 2018, which is incorporated by reference in its entirety

herein.

STATEMENT REGARDING
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT

[0002] This invention was made with Government support under Grant Numbers
ZIABC011478 awarded by the National Institutes of Health, National Cancer Institute. The

Government has certain rights in this invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED
ELECTRONICALLY

[0003] Incorporated by reference in its entirety herein is a computer-readable
nucleotide/amino acid sequence listing submitted concurrently herewith and identified as
follows: One 71,216 Byte ASCII (Text) file named "741568 ST25.TXT," dated February 7,
2019.

BACKGROUND OF THE INVENTION

[0004] Adoptive cell therapy can be an effective treatment for cancer in some patients.
However, obstacles to the overall success of adoptive cell therapy still exist. For example,
the in vivo persistence, survival, and anti-tumor activity of the transferred T cells can, in some
cases, decrease following adoptive transfer. Despite considerable research in the field of
adoptive cell therapy, there still exists a need for improved methods and products for

producing cells for adoptive cell therapy and treating and/or preventing cancer.

BRIEF SUMMARY OF THE INVENTION

[0005] An embodiment of the invention provides a nucleic acid comprising a nucleotide
sequence encoding an amino acid sequence of Formula I:

S 1 _Nl _Ll_cla_Lz_Sz_NZ_L3_C2b
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(Formula I),

wherein:

each of S! and S? is, independently, a signal sequence;

one of N! and N? is an interleukin (IL)-21 amino acid sequence and one of N! and N2
is an IL-15 amino acid sequence;

each of L, L?, and L? is, independently, a linker sequence;

each of C! and C? is, independently, a transmembrane-intracellular amino acid
sequence or a transmembrane amino acid sequence; and

each of a and b is, independently, 0 or 1.
[0006] Further embodiments of the invention provide related recombinant expression
vectors, polypeptides, host cells, populations of cells, pharmaceutical compositions, and

methods of treating or preventing cancer.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0007] Figure 1A is a schematic illustrating the composition of a tethered IL-15 (TelL-
15) construct. Each TeIL-15 construct includes a signal sequence, IL-15 mature amino acid
sequence, linker, and cell membrane anchor moiety (“anchor™).

[0008] Figure 1B is a schematic illustrating the composition of a tethered IL-21 (TelL-
21) construct. Each Tell.-21 construct includes a signal sequence, IL-21 mature amino acid
sequence, linker, and cell membrane anchor moiety (“anchor™).

[0009] Figure 1C is a schematic illustrating the composition of tethered 1L-21/tethered
IL-15 (TellL-21/15) construct. Each TelL-21/15 construct includes a TelL-21 construct of
Fig. 1B, a cleavable linker, and a TelL-15 construct of Fig. 1A.

[0010] Figure 2 is a graph showing the number of live cells measured at various time
points (days) after IL-2 was withdrawn from the media seven days after transduction of the
cells with a vector encoding the TelL-15 Lr1, TelL-15 Lr2, IL-15 RA, TellL-15 Lr6, or IL-
15S construct of Table 2. Untransduced (Un Tdx) cells served as a negative control.
Untransduced cells cultured in the presence of exogenous IL-15 served as a positive control.
[0011] Figure 3 is a graph showing the tumor size (mm?) measured in tumor-bearing
mice on the indicated number of days after infusion of untransduced (*) or transduced cells
(n=5 1n each group). Cells were transduced with (i) DMF5 TCR and TelL-15 Lr1Ar2 (open
squares), (11) DMF5 TCR and TelL-21 Lr8Ar] (open triangles), (iii) DMF5 TCR and TelL-
21/15 E2A Arl (open diamonds), (iv) E7 TCR and TelL-15 Lr1Ar2 (closed squares), (v) E7
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TCR and TelL-21 Lr8Arl1 (closed triangles), (vi) E7 TCR and TelL-21/15 E2A Arl (closed
diamonds), (vi) DMFS5 TCR alone (open circles), or (vii) E7 TCR alone (closed circles).
[0012] Figure 4A is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of untransduced T cells.
[0013] Figure 4B is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the E7 TCR alone.

[0014] Figure 4C is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the E7 TCR and TelL-15.

[0015] Figure 4D is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the E7 TCR and TelL-21.

[0016] Figure 4E is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the E7 TCR and TelL-21/15.

[0017] Figure 4F is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the DMF5 TCR alone.

[0018] Figure 4G is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the DMF5 TCR and TelL-15.

[0019] Figure 4H is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the DMFS5 TCR and TelL-21.

[0020] Figure 41 is a graph showing the tumor size (mm?) measured in each of five
tumor-bearing mice on the indicated number of days after infusion of T cells transduced with
the DMF5 TCR and TelL-21/15.

[0021] Figures 5A-5T are graphs showing the concentration (number of cells per mL x
10%) of cells living at the indicated time points (days) following transduction of cells from
healthy donors 1-20 (Figures 5A-5T, respectively) with TelL-21/15 FurinA-P2A Ar2
(squares) or secreted IL-21/15 (sIL-21/15) (triangles). Untreated (UT) cells (circles) served

as a control.
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[0022] Figures 6A-6B are graphs showing the concentration (pg/mL) of IL-15 (6A) and
IL-21 (6B) measured in the supernatants of T cells transduced with one of (1)-(v), as follows:
(1) E7 TCR and Tell.-15 Lr1Ar2, (i1) E7 TCR and TelL-21 Lr8Ar2, (iii) E7 TCR and TelL-
21/15 FurinA-P2A Ar2, (iv) E7 TCR and secreted I1L-21/15 (sIL-21/15), or (v) E7 TCR
alone. Untransduced (UTDX) T cells served as a control.

[0023] Figures 6C-6D are graphs showing the concentration (pg/mL) of IL-15 (6C) and
IL-21 (6D) measured in the supernatants of the co-culture of each of the indicated tumor cell
lines with T cells transduced with one of (1)-(v), as follows: (i) E7 TCR and TelL-15 LrlAr2,
(i) E7 TCR and TelL-21 Lr8Ar2, (1ii) E7 TCR and Tell.-21/15 FurinA-P2A Ar2, (iv) E7
TCR and secreted [1.-21/15 (sIL-21/15), or (v) E7 TCR alone. Untransduced (UTDX) T cells
served as a control.

[0024] Figures 7A-7B are graphs showing the concentration (pg/mL) of IL-15 (7A) and
IL-21 (7B) measured in the sera of healthy NSG mice infused with untransduced cells
(UTDX), HBSS (No Tx), or transduced cells, at the indicated number of days after infusion.
Cells were transduced with one of (1)-(iii), as follows: (1) E7 TCR and Tell.-21/15 FurinA-
P2A Ar2, (i1)) E7 TCR and secreted 1L-21/15 (sIL-21/15), or (iii) E7 TCR alone.

[0025] Figures 7C-7D are graphs showing the concentration (pg/mL) of IL-15 (7C) and
IL-21 (7D) measured in the sera of tumor-bearing NSG mice infused with untransduced cells
(UTDX), HBSS (No Tx), or transduced cells, at the indicated number of days after infusion.
T cells were transduced with one of (1)-(v), as follows: (i) E7 TCR and Tell.-15 Lr1 Ar2, (ii)
E7 TCR and TelL-21 Lr8Ar2, (iii) E7 TCR and TelL-21/15 FurinA-P2A Ar2, (iv) E7 TCR
and secreted 11.-21/15 (sIL-21/15), or (v) E7 TCR alone.

[0026] Figures 8 A-8G are graphs showing the concentration (pg/mL) of IFN-y, TNF-a,
GM-CSF, IL-2, MIP-1q, IL-2Raq, and IL-6 (8 A-8G, respectively) observed in tumor-bearing
mice at the indicated number of days following infusion of untransduced cells (UTDX),
HBSS (No Tx), or transduced cells. T cells were transduced with one of (i)-(v), as follows:
(1) E7 TCR and TelL-15 Lr1Ar2, (i1) E7 TCR and TelL-21 Lr8Ar2, (iii) E7 TCR and TelL-
21/15 FurinA-P2A Ar2, (iv) E7 TCR and secreted 11-21/15 (sIL-21/15), or (v) E7 TCR
alone.

[0027] Figure 9 is a graph showing the tumor size (mm?) measured in tumor-bearing
mice at the indicated number of days after infusion of HBSS (No Tx) (*) or transduced T
cells. The mfused T cells were transduced with one of (i1)-(iv), as follows: (i) E7 TCR and
NFAT.IL12 (triangles), (i1) E7 TCR and Tell.-21/15 FurinA-P2A Ar2 and NFAT.IL12
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(stars), (111 E7 TCR and TellL.-21/15 FurinA-P2A Ar2 (diamonds), or (iv) E7 TCR alone

(control) (circles). n = number of mice in each experiment.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Embodiments of the invention provide nucleic acids and polypeptides which
provide the co-expression of interleukin (IL)-21 and IL-15 by a host cell, each interleukin
being bound to the cell membrane by a cell membrane anchor moiety. The inventive nucleic
acids and polypeptides may provide any one or more of a variety of advantages. The
advantages may include, for example, high expression levels of both membrane-bound IL-15
and membrane-bound I1.-21. Cells expressing the inventive nucleic acids or polypeptides
may provide enhanced function (e.g., increased anti-tumor efficacy) as compared to cells
transduced with an antigen-specific receptor alone or cells co-transduced with an antigen-
specific receptor and no more than one of IL-15 or IL-21. Without being bound to a
particular theory or mechanism, it is also believed that the absence of the IL-15 receptor
subunit alpha (IL-15Ra) from the inventive nucleic acids advantageously provides more
room, e.g., for an IL-21 nucleotide sequence, as compared to nucleic acids which contain
both [L-15Ra and [L-15 nucleotide sequences.

[{0029] In some cases, the clinical utility of IL-15 and/or IL-21 in the setting of adoptively
transferred T cells may be constrained in part by dose-limiting toxicity and the need for
repeated administration. The inventive nucleic acids and polypeptides may, advantageously,
ameliorate these limitations by providing for the autocrine expression of IL-15 and IL-21 by
the host cell expressing the nucleic acid or polypeptide. Without being bound to a particular
theory or mechanism, it is believed that because the 11.-15 and IL-21 molecules are tethered
to the cell which expresses the inventive nucleic acid, the cell provides an IL-15 and I[L-21
signal to itself. It is believed that such autocrine IL-15 expression may reduce or avoid the
undesirable excessive cell growth which may be observed in the presence of soluble IL-15.
By connecting the interleukin to a cell membrane anchor moiety via a flexible linker, the
inventive nucleic acids and polypeptides may reduce the systemic toxicity which may be
caused by free cytokine molecules. Without being bound to a particular theory or
mechanism, it is believed that because IL-15 primarily signals via the pro-cell growth
proteins STATSA/STATSB, while IL-21 primarily signals via the pro-cell death proteins
STAT!1 and STAT3, the co-expression of IL-15 and IL.-21 provided by the inventive nucleic
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acids and polypeptides may reduce or avoid the undesirable excessive cell growth which may
be observed in the presence of IL-15 alone.
[0030] An embodiment of the invention provides a nucleic acid comprising a nucleotide
sequence encoding an amino acid sequence of Formula I:
SLNL-LI-Cl-12-82-N2-13-C?%,
(Formula I).

Signal Sequences

[0031] In an embodiment, each of S! and S? of Formula I is, independently, a signal
sequence. The signal sequence is not limited and may be any sequence which facilitates the
translocation of the encoded polypeptide to the cell membrane. Examples of signal
sequences are human granulocyte-macrophage colony-stimulating factor (GM-CSF) receptor
signal sequence, human prolactin signal sequence, and human IgE signal sequence.
Preferably, the signal sequence is a human IgE signal sequence. The human IgE signal
sequence may comprise, consist, or consist essentially of the amino acid sequence of
MDWTWILFLVAAATRVHS (SEQ ID NO: 1). The human IgE signal sequence may
comprise, consist, or consist essentially of the amino acid sequence of
NIKGSPWKGSLLLLLVSNLLLCQSVAP (SEQ ID NO: 38). Without being bound to a
particular theory or mechanism, while it is believed that the signal sequence may facilitate
expression of the cell-membrane bound interleukin, the presence of the signal sequence in the
expressed membrane-bound interleukin may not be necessary in order for the membrane-
bound interleukin to function. In an embodiment of the invention, upon expression of the
membrane-bound interleukin by the cell, the signal sequence may be cleaved off of the

membrane-bound interleukin.
Interleukins

[0032] In an embodiment, one of N! and N? in Formula I is an interleukin (IL)-21 amino
acid sequence and one of N!' and N? is an IL-15 amino acid sequence. Although N' may be
an IL-15 amino acid sequence and N? may be an 1L-21 amino acid sequence, in a preferred
embodiment, N! is an IL-21 amino acid sequence and N? is an IL-15 amino acid sequence.
[0033] IL-21 and IL-15 are pleiotropic, four a-helical bundle type I cytokines. 1L.-21
binds to the IL-21 receptor (IL-21R) and co-receptor, the common gamma chain (CD132),
and IL-15 binds to the IL-15 receptor alpha (IL-15Ra) and co-receptors, the 1L-2/1L-15
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receptor beta chain (CD122) and CD132. Upon binding to their respective receptors and co-
receptors, IL-21 and IL-15 initiate the activation of one or more of various downstream
signaling targets including, for example, proteins in the JAK-STAT pathway such as the JAK
kinases (e.g., JAK1 and JAK3), STAT proteins (e.g., STAT1, STAT3, STATSA, and
STATS5B), and the proteins in the phosphoinositol 3-kinase (P 3-kinase) and MAP kinase
pathways. Without being bound to a particular theory or mechanism, it is believed that IL-21
may induce one or more of the differentiation, death and activity of certain immune cells (e.g.
T cells and NK cells), and IL-15 may induce one or more of the differentiation, proliferation
and activity of certain immune cells (e.g. T cells and NK cells).

[0034] In an embodiment, the IL-21 sequence is a human IL-21 sequence. Human IL-21
amino acid sequences include Genbank Accession Nos: AAU88182.1, EAX05226.1,
CAI94500.1, CAJ47524.1, CAL81203.1, CAN87399.1, CAS03522.1, CAV33288.1,
CBE74752.1, CBI70418.1, CBI85469.1, CBI85472.1, CBL93962.1, CCA63962.1,
AAG29348.1, AAH66258.1, AAH66259.1, AAH66260.1, AAH66261.1, AAH66262.1,
AAH69124.1, and ABG36529.1. Other human IL-21 sequences, as well as other IL-21
species can be employed in accordance with the invention. In a preferred embodiment, the
IL-21 amino acid sequence is the amino acid sequence of mature, human IL-21. Mature,
human IL-21 comprises, consists, or consists essentially of the amino acid sequence of SEQ
ID NO: 2.

[0035] In an embodiment, the IL-15 sequence is a human IL-15 sequence. Human IL-15
amino acid sequences include Genbank Accession Nos: NP_751915.1, NP_000576.1,
AAI00963.1, AAI00964.1, AAI00962.1, CAAT1044.1, AAH18149.1, AAB97518.1,
CAA63914.1, and CAA63913.1. Other human IL-15 sequences, as well as other IL-15
species can be employed in accordance with the invention. In a preferred embodiment, the
IL-15 amino acid sequence is the amino acid sequence of mature, human IL-15. Mature,
human IL-15 comprises, consists, or consists essentially of the amino acid sequence of SEQ
ID NO: 3.

[0036] The IL-21 and IL-15 amino acid sequences encoded by the inventive nucleic acids
may comprise any functional portion of mature IL-21 or mature IL-15, respectively. The
functional portion can be any portion comprising contiguous amino acids of the interleukin of
which it is a part, provided that the functional portion specifically binds to the respective
interleukin receptor. The term “functional portion” when used in reference to an interleukin

refers to any part or fragment of the interleukin, which part or fragment retains the biological
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activity of the interleukin of which it is a part (the parent interleukin). Functional portions
encompass, for example, those parts of an interleukin that retain the ability to specifically
bind to the respective interleukin receptor, activate the downstream targets of the interleukin,
and/or induce one or more of the differentiation, proliferation (or death) and activity of
immune cells, e.g., NK cells and T cells, to a similar extent, the same extent, or to a higher
extent, as the parent interleukin. The biological activity of the functional portion of the
interleukin may be measured using assays known in the art. In reference to the parent
interleukin, the functional portion can comprise, for instance, about 60%, about 70%, about
80%, about 90%, about 95%, or more, of the parent interleukin.

[0037] Included in the scope of the invention are functional variants of the interleukins
described herein. The term “functional variant” as used herein refers to an interleukin having
substantial or significant sequence identity or similarity to a parent interleukin, which
functional variant retains the biological activity of the interleukin of which it 1s a variant.
Functional variants encompass, for example, those variants of the interleukin described
herein (the parent interleukin) that retain the ability to specifically bind to the respective
interleukin receptor, activate the downstream targets of the interleukin, and/or induce one or
more of the differentiation, proliferation (or death) and activity of immune cells, e.g., T cells
and NK cells, to a similar extent, the same extent, or to a higher extent, as the parent
mterleukin. In reference to the parent interleukin, the functional variant can, for instance, be
at least about 80%, about 90%, about 95%, about 99% or more identical in amino acid
sequence to the parent interleukin.

[0038] A functional variant can, for example, comprise the amino acid sequence of the
parent interleukin with at least one conservative amino acid substitution. Alternatively or
additionally, the functional variants can comprise the amino acid sequence of the parent
interleukin with at least one non-conservative amino acid substitution. In this case, it 1s
preferable for the non-conservative amino acid substitution to not interfere with or inhibit the
biological activity of the functional variant. The non-conservative amino acid substitution
may enhance the biological activity of the functional variant, such that the biological activity
of the functional variant is increased as compared to the parent interleukin.

[0039] Amino acid substitutions of the interleukin are preferably conservative amino acid
substitutions. Conservative amino acid substitutions are known in the art, and include amino
acid substitutions in which one amino acid having certain physical and/or chemical properties

is exchanged for another amino acid that has the same or similar chemical or physical
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properties. For instance, the conservative amino acid substitution can be an acidic/negatively
charged polar amino acid substituted for another acidic/negatively charged polar amino acid
(e.g., Asp or Glu), an amino acid with a nonpolar side chain substituted for another amino
acid with a nonpolar side chain (e.g., Ala, Gly, Val, lle, Leu, Met, Phe, Pro, Trp, Cys, Val,
etc.), a basic/positively charged polar amino acid substituted for another basic/positively
charged polar amino acid (e.g. Lys, His, Arg, etc.), an uncharged amino acid with a polar side
chain substituted for another uncharged amino acid with a polar side chain (e.g., Asn, Gln,
Ser, Thr, Tyr, etc.), an amino acid with a beta-branched side-chain substituted for another
amino acid with a beta-branched side-chain (e.g., Ile, Thr, and Val), an amino acid with an
aromatic side-chain substituted for another amino acid with an aromatic side chain (e.g., His,
Phe, Trp, and Tyr), etc.

[0040] The interleukin can consist essentially of the specified amino acid sequence or
sequences described herein, such that other components, e.g., other amino acids, do not

materially change the biological activity of the functional variant.
Cell Membrane Anchor Moieties

[0041] The nucleic acids and polypeptide(s) of embodiments of the invention may
comprise one or more cell membrane anchor moieties. The cell membrane anchor moiety
may be any moiety which binds the interleukin to the cell membrane. Each cell membrane
anchor moiety may, independently, be an amino acid sequence or a moiety that is not an
amino acid sequence (a non-peptide cell membrane anchor moiety). In Formula I, each of a
and b is, independently, 0 or 1. When a is 1, C! is a cell membrane anchor moiety that is an
amino acid sequence (e.g., a transmembrane-intracellular amino acid sequence or a
transmembrane amino acid sequence). When b is 1, C? is a cell membrane anchor moiety
that is an amino acid sequence (e.g., a transmembrane-intracellular amino acid sequence or a
transmembrane amino acid sequence).

[0042] In an embodiment of the invention, each of C' and C? of Formula I is,
independently, a transmembrane-intracellular amino acid sequence or a transmembrane
amino acid sequence. In an embodiment of the invention, each of C! and C? of Formula I is,
independently, a B7-1 transmembrane-intracellular amino acid sequence, a B7-2
transmembrane-intracellular amino acid sequence, a CD8a transmembrane-intracellular
amino acid sequence, a B7-1 transmembrane amino acid sequence, a B7-2 transmembrane

amino acid sequence, or a CD8a transmembrane amino acid sequence. In a preferred
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embodiment, each of C! and C? of Formula I is, independently, a B7-1 transmembrane-
intracellular amino acid sequence or a CD8a transmembrane amino acid sequence. In an
embodiment of the invention, in Formula I, ais 1, b is 1, and each of C! and C? is,
independently, a CD8a transmembrane amino acid sequence comprising, consisting, or
consisting essentially of the amino acid sequence of IYTWAPLAGTCGVLLLSLVIT (SEQ
ID NO: 4) or a B7-1 transmembrane-intracellular amino acid sequence comprising,
consisting, or consisting essentially of the amino acid sequence of
LLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 5).
10043] In an embodiment of the invention, in Formula I, one or both of a and b s,
independently, 0. When a is 0, the amino acid sequence encoded by L! further comprises a
cell membrane anchor moiety that is not an amino acid sequence (a non-peptide cell
membrane anchor moiety). When b is 0, the amino acid sequence encoded by L? further
comprises a cell membrane anchor moiety that is not an amino acid sequence (a non-peptide
cell membrane anchor moiety).

[0044] The non-peptide cell membrane anchor moiety may be a glycolipid that can be
attached to the C-terminus of an amino acid sequence during posttranslational modification
and which binds the interleukin to the cell membrane. An example of such a glycolipid is a
glycophosphatidylinositol (GPI) anchor. Accordingly, in an embodiment of the mvention,
the non-peptide cell membrane anchor moiety is a GPI anchor. GPI anchors have a structure
that includes a phosphoethanolamine linker, glycan core, and phospholipid tail. The glycan
core can be variously modified with side chains, such as a phosphoethanolamine group,
mannose, galactose, sialic acid, or other sugars. Examples of GPI anchors are described in,

for example, Paulick et al., Biochemistry, 47: 6991-7000 (2008).
Linkers

[0045] In an embodiment of the invention, each of L', L2, and L3 of Formula I is,
independently, a linker sequence. The composition of the linker sequence is not particularly
limited and may be any linker sequence which binds the interleukin to the cell membrane
anchor moiety.

[0046] In a preferred embodiment, > of Formula I is a cleavable linker sequence. In this
regard, the polypeptide encoded by the inventive nucleic acids may be cleaved such that two
polypeptides are produced: a first polypeptide comprising an IL-21 amino acid sequence

connected to a cell membrane anchor moiety via a linker sequence and a second polypeptide
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comprising an IL-15 amino acid sequence connected to a cell membrane anchor moiety via a
linker sequence. The length of the linker sequence L? of Formula 1 is not limited and may be
from about 20 to about 30 amino acid residues, for example, about 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30 amino acid
residues, or a range between any two of the foregoing values.

[0047] In an embodiment, the cleavable linker sequence comprises a “self-cleaving” 2A
peptide. “Self-cleaving” 2A peptides are described, for example, in Liu et al., Sci. Rep., 7(1):
2193 (2017). 2A peptides are viral oligopeptides that mediate cleavage of polypeptides
during translation in eukaryotic cells. The designation “2A” refers to a specific region of the
viral genome. Without being bound to a particular theory or mechanism, it is believed that
the mechanism of 2A-mediated “self-cleavage” is ribosome skipping of the formation of a
glycyl-prolyl peptide bond at the C-terminus of the 2A peptide. Different 2A peptides may
comprise, at the C-terminus, the consensus amino acid sequence of GDVEX;NPGP (SEQ ID
NO: 6), wherein X; of SEQ ID NO: 6 is any naturally occurring amino acid residue. In an
embodiment of the invention, L? of Formula I is a porcine teschovirus-1 2A (P2A) amino
acid sequence, equine rhinitis A virus (E2A) amino acid sequence, thosea asigna virus 2A
(T2A) amino acid sequence, or foot-and-mouth disease virus (F2A) amino acid sequence. In
an embodiment of the invention, L.? of Formula I is 2A peptide amino acid sequence
comprising, consisting, or consisting essentially of, the amino acid sequence of
GSGATNFSLLKQAGDVEENPGP (P2A) (SEQ ID NO: 7),
GSGQCTNYALLKLAGDVESNPGP (E2A) (SEQ ID NO: 8), or
GSGEGRGSLLTCGDVEENPGP (T2A) (SEQ ID NO: 9).

[0048] In an embodiment, the cleavable linker sequence comprises a furin-cleavable
sequence. Exemplary furin cleavage sequences are described in Duckert et al., Protein
Engineering, Design & Selection, 17(1): 107-112 (2004) and U.S. Patent 8,871,906, each of
which is incorporated herein by reference. In an embodiment of the invention, the furin-
cleavable sequence is represented by the formula P4-P3-P2-P1 (Formula II), wherein P4 1s an
amino acid residue at the amino end, P1 is an amino acid residue at the carboxyl end, P1 is an
arginine or a lysine residue, and the sequence is cleavable at the carboxyl end of P1 by furin.
In another embodiment of the invention, the furin-cleavable sequence of Formula II (1)
further comprises amino acid residues represented by P6-P5 at the amino end, (i1) further
comprises amino acid residues represented by P1°-P2’ at the carboxyl end, (ii1) wherein if P1

is an arginine or a lysine residue, P2’ is tryptophan, and P4 is arginine, valine or lysine,
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provided that if P4 is not arginine, then P6 and P2 are basic residues, and (iv) the sequence is
cleavable at the carboxyl end of P1 by furin. In an embodiment of the invention, the furin
cleavage sequence comprises R-X;-X2-R, wherein X is any naturally occurring amino acid
and X is arginine or lysine (SEQ ID NO: 10).
[0049] In an embodiment of the invention, the cleavable linker sequence comprises both
a 2A peptide sequence and a furin-cleavable sequence. In an embodiment of the invention,
L? of Formula I is a furin-cleavable-P2A amino acid sequence. The furin-cleavable-P2A
amino acid sequence may comprise, consist, or consist essentially of
RAKRSGSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 11).
[0050]  In a preferred embodiment, each of L' and L of Formula I is, independently, a
flexible linker. The length of the linker sequence of each of L! and L? of Formula I is not
limited and may, independently, be from about 10 to about 65 amino acid residues, about 18
to about 61 amino acid residues, or about 25 to about 50 amino acid residues. For example,
the length of the linker sequence of each of L! and L? of Formula I may, independently, be
about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18,
about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 27,
about 28, about 29, about 30, about 31, about 32, about 33, about 34, about 35, about 36,
about 37, about 38, about 39, about 40, about 41, about 42, about 43, about 44, about 45,
about 46, about 47, about 48, about 49, about 50, about 51, about 52, about 53, about 54,
about 55, about 56, about 57, about 58, about 59, about 60, about 61, about 62, about 63,
about 64, about 65 amino acid residues, or a range between any two of the foregoing values.
In an embodiment of the invention, the flexible linker comprises mainly glycine and serine
residues. For example, the flexible linker may comprise one or more repeats of one or both
of G4S and GsS (e.g., about 3 to about 15 or about 5 to about 12 repeats of G4S and G3S).
[0051]  Inan embodiment, each of L! and L? of Formula I is, independently, (i) a
polypeptide of Formula III: X' X2, X3, X4, (Formula III) (as further defined below); (ii) a
polypeptide of Formula I'V: X3,X5%X’, (Formula IV) (as further defined below); or (iii) 10 to
30 amino acid residues selected, independently, from glycine, serine, threonine, lysine,
glutamic acid, and proline.
[0052] In an embodiment of the invention, one or both of L' and L? of Formula I is a
polypeptide of Formula III: X'nX%,X3,X% (Formula I1I), wherein:

each of m, p, and q is, independently, 0 or 1;

n is an integer from 20 to 65;
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X2 is a plurality of amino acid residues, each of which is independently
selected from glycine and serine; and

each of X!, X3, and X* is, independently, any one naturally occurring amino
acid residue.
[0053] In an embodiment, in Formula III, n is an integer from 20 to 60, from 25 to 60, or
from 25 to 50.
[0054] In an embodiment, in Formula III, m is 0, nis 25, pis 1, and q is 1, wherein X3 is
leucine and X* is glutamine. In this regard, a polypeptide of Formula III may comprise or
consist of the amino acid sequence of SEQ ID NO: 12 (Lrl of Table 3).
[0055] In an embodiment, in Formula III, m is 0, n is 45, pis 0, and q is 0. In this regard,
a polypeptide of Formula III may comprise or consist of the amino acid sequence of SEQ ID
NO: 14 (Lr6 of Table 3).
[0056] In an embodiment, in Formula III, m is 0, nis 46, p is 1, and q is 1, wherein X3 is
leucine and X* is glutamine. In this regard, a polypeptide of Formula IIT may comprise or
consist of the amino acid sequence of SEQ ID NO: 16 (L8 of Table 3).
[0057] In an embodiment, in Formula III, m is 1, nis 58, pis 1, and q is 1, wherein X' is
alanine, X3 is alanine, and X* is serine. In this regard, a polypeptide of Formula Il may
comprise or consist of the amino acid sequence of SEQ ID NO: 17 (Lt9 of Table 3).
[0058] In an embodiment of the invention, one or both of L' and L? of Formula I is a
polypeptide of Formula IV: X3.X5X’, (Formula IV), wherein:

sis 1;

each of r and t is, independently, an integer from 20 to 25;

each X° and each X’ is, independently, a plurality of amino acid residues
selected from alanine, lysine, and glutamic acid; and

X9 is any one naturally occurring amino acid residue.
[0059] In an embodiment, in Formula IV, ris 22, s is 1, and tis 23, wherein X° is leucine.
In this regard, a polypeptide of Formula IV may comprise or consist of the amino acid
sequence of SEQ ID NO: 15 (Lr7 of Table 3).
[0060] In an embodiment of the invention, one or both of L! and L? of Formula I is from
10 to 30 amino acid residues selected, independently, from glycine, serine, threonine, lysine,
glutamic acid, and proline. In an embodiment, one or both of L! and L* of Formula I is from
10 to 20, preferably, 18 amino acid residues selected, independently, from glycine, serine,

threonine, lysine, glutamic acid, and proline. In this regard, one or both of L' and L? of
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Formula I comprises or consists of the amino acid sequence of SEQ ID NO: 13 (Lr2 of Table

3).
Nucleic Acids

[0061] In an embodiment of the invention, the nucleic acid comprises a nucleotide
sequence encoding an amino acid sequence at least about 85%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 100% identical to the amino acid sequence of any one of SEQ ID NOs: 32-37 (Table
6A). For example, the nucleic acid may comprise a nucleotide sequence at least about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 99%, or about 100% identical to the nucleotide sequence of any one
of SEQ ID NOs: 39-44 (Table 6B).

[0062] The terms “nucleic acid” and “polynucleotide,” as used herein, refer to a
polymeric form of nucleotides of any length, either ribonucleotides (RNA) or
deoxyribonucleotides (DNA). These terms refer to the primary structure of the molecule, and
thus include double- and single-stranded DNA, double- and single-stranded RNA, and
double-stranded DNA-RNA hybrids. The terms include, as equivalents, analogs of either
RNA or DNA made from nucleotide analogs and modified polynucleotides such as, though
not limited to, methylated and/or capped polynucleotides. Suitable nucleotide analogs are
known and are described in, e.g., U.S. Patent Application Publication 2012/0101148, and
references cited therein. In an embodiment of the invention, the nucleic acid is
complementary DNA (cDNA).

10063] The term “nucleotide” as used herein refers to a monomeric subunit of a
polynucleotide that consists of a heterocyclic base, a sugar, and one or more phosphate
groups. The naturally occurring bases (guanine (G), adenine (A), cytosine (C), thymine (T),
and uracil (U)) are typically derivatives of purine or pyrimidine, though the invention
includes the use of naturally and non-naturally occurring base analogs. The naturally
occurring sugar is the pentose (five-carbon sugar) deoxyribose (which forms DNA) or ribose
(which forms RNA), though the invention includes the use of naturally and non-naturally
occurring sugar analogs. Nucleic acids are typically linked via phosphate bonds to form
nucleic acids or polynucleotides, though many other linkages are known 1n the art (e.g.,

phosphorothioates, boranophosphates, and the like). Methods of preparing polynucleotides
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are within the ordinary skill in the art (Green and Sambrook, Molecular Cloning: A
Laboratory Manual, (4th Ed.) Cold Spring Harbor Laboratory Press, New York (2012)).
[0064] In some embodiments, the nucleotide sequence may be codon optimized. Without
being bound to a particular theory, it is believed that codon optimization of the nucleotide
sequence increases the translation efficiency of the mRNA transcripts. Codon optimization
of the nucleotide sequence may involve substituting a native codon for another codon that
encodes the same amino acid, but can be translated by tRNA that is more readily available
within a cell, thus increasing translation efficiency. Codon optimization of the nucleotide
sequence may also reduce secondary mRNA structures that would interfere with translation,
thus increasing translation efficiency. In an embodiment of the invention, the nucleotide

sequence is codon-optimized for expression in human tissues.
Vectors

[0065] In an embodiment of the invention, the inventive nucleic acid is carried in a
recombinant expression vector. Accordingly, an embodiment of the invention provides a
recombinant expression vector comprising any of the inventive nucleic acids described herein
with respect to other aspects of the invention.

[0066] For purposes herein, the term "recombinant expression vector" means a
genetically-modified oligonucleotide or polynucleotide construct that permits the expression
of an mRNA, protein, polypeptide, or peptide by a host cell, when the construct comprises a
nucleotide sequence encoding the mRNA, protein, polypeptide, or peptide, and the vector is
contacted with the cell under conditions sufficient to have the mRNA, protein, polypeptide,
or peptide expressed within the cell. The vectors of the invention are not naturally-occurring
as a whole. However, parts of the vectors can be naturally-occurring. The recombinant
expression vector can comprise any type of nucleotides, including, but not limited to DNA
and RNA, which can be single-stranded or double-stranded, synthesized or obtained in part
from natural sources, and which can contain natural, non-natural or altered nucleotides. The
recombinant expression vectors can comprise naturally-occurring or non-naturally-occurring
internucleotide linkages, or both types of linkages. Preferably, the non-naturally occurring or
altered nucleotides or internucleotide linkages do not hinder the transcription or replication of
the vector. The vector may contain regulatory nucleic acid sequences which provide for

expression of the inventive nucleic acid.
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[0067] The recombinant expression vector can be any suitable recombinant expression
vector. Suitable vectors include those designed for propagation and expansion or for
expression or both, such as plasmids and viruses. For example, the vector can be selected
from the pUC series (Fermentas Life Sciences, Glen Burnie, MD), the pBluescript series
(Stratagene, Lalolla, CA), the pET series (Novagen, Madison, WI), the pGEX series
(Pharmacia Biotech, Uppsala, Sweden), and the pEX series (Clontech, Palo Alto, CA).
Bacteriophage vectors, such as AGT10, AGT11, AZapll (Stratagene), AEMBL4, and
ANM1149, also can be used. Examples of plant expression vectors useful in the context of
the invention include pBIO1, pB1101.2, pBI101.3, pBI121 and pBIN19 (Clontech). Examples
of animal expression vectors useful in the context of the invention include pEUK-CIl, pMAM,
and pMAMneo (Clontech).

[0068] In some embodiments, the recombinant expression vector is a viral vector.
Suitable viral vectors include, without limitation, lentiviral, retroviral, alphaviral, vaccinial,
adenoviral, adenoassociated viral, herpes viral, and fowl pox viral vectors, and preferably
have a native or engineered capacity to transform T cells.

[0069] The recombinant expression vectors can be prepared using standard recombinant
DNA techniques described in, for example, Green and Sambrook, Molecular Cloning: A
Laboratory Manual, (4th Ed.) Cold Spring Harbor Laboratory Press, New York (2012).
Constructs of expression vectors, which are circular or linear, can be prepared to contain a
replication system functional in a prokaryotic or eukaryotic host cell. Replication systems
can be derived, e.g., from ColEl, 2 p plasmid, A, SV40, bovine papilloma virus, and the like.
[0070] The recombinant expression vector can comprise regulatory sequences, such as
transcription and translation initiation and termination codons, which are specific to the type
of host (e.g., bacterium, fungus, plant, or animal) into which the vector is to be introduced, as
appropriate, and taking into consideration whether the vector is DNA- or RNA-based.
[0071] The recombinant expression vector can include one or more marker genes, which
allow for selection of transformed or transfected hosts. Marker genes include biocide
resistance, e.g., resistance to antibiotics, heavy metals, etc., complementation in an
auxotrophic host to provide prototrophy, and the like. Suitable marker genes for the
recombinant expression vectors include, for instance, neomycin/(G418 resistance genes,
hygromycin resistance genes, histidinol resistance genes, tetracycline resistance genes, and

ampicillin resistance genes.
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[0072] The recombinant expression vector can comprise a native or nonnative promoter
operably linked to the nucleic acid encoding the amino acid sequence of Formula I.
Preferably, the promoter is functional in T cells. The selection of a promoter, €.g., strong,
weak, inducible, tissue-specific and developmental-specific, is within the ordinary skill of the
artisan. Similarly, the combining of a nucleotide sequence with a promoter is also within the
skill of the artisan. The promoter can be a non-viral promoter or a viral promoter, €.g., a
cytomegalovirus (CMV) promoter, an SV40 promoter, an RSV promoter, or a promoter
found in the long-terminal repeat of the murine stem cell virus.

[0073] The recombinant expression vector can be designed for either transient
expression, for stable expression, or for both. Also, the recombinant expression vectors can
be made for constitutive expression or for inducible expression. Further, the recombinant
expression vectors can be made to include a suicide gene.

[0074] As used herein, the term "suicide gene" refers to a gene that causes the cell
expressing the suicide gene to die. The suicide gene can be a gene that confers sensitivity to
an agent, €.g., a drug, upon the cell in which the gene is expressed, and causes the cell to die
when the cell is contacted with or exposed to the agent. Suicide genes are known in the art
and include, for example, the Herpes Simplex Virus (HSV) thymidine kinase (TK) gene,

cytosine daminase, purine nucleoside phosphorylase, and nitroreductase.
Polypeptide(s)

[0075] Another embodiment of the invention provides a polypeptide encoded by the any
of the nucleic acids described herein. The term "polypeptide” as used herein includes
oligopeptides and refers to a single chain of amino acids connected by one or more peptide
bonds.

[0076] In an embodiment of the invention, the polypeptide comprises an amino acid
sequence at least about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% identical to the
amino acid sequence of any one of SEQ ID NOs: 32-37 (Table 6A).

[0077] In embodiments wherein L? of Formula I is a cleavable linker, the polypeptide
produced upon expression of the inventive nucleic acid by a host cell may be cleaved such
that two polypeptides are produced: a first polypeptide comprising an IL-21 amino acid

sequence connected to a cell membrane anchor moiety via a linker sequence and a second
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polypeptide comprising an [L-15 amino acid sequence connected to a cell membrane anchor
moiety via a linker sequence.

[0078] In an embodiment of the invention, the polypeptide comprising an [L.-21 amino
acid sequence connected to a cell membrane anchor moiety via a linker sequence may
comprise an amino acid sequence that is at least about 85%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 100% identical to the amino acid sequence of any one of SEQ ID NOs: 24-30 (Tables
4-5).

[0079 In an embodiment of the invention, the polypeptide comprising an IL-15 amino
acid sequence connected to a cell membrane anchor moiety via a linker sequence may
comprise an amino acid sequence that is at least about 85%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99%, or
about 100% identical to the amino acid sequence of any one of SEQ ID NOs: 19, 20, 22, and
31 (Tables 2 and 5).

Host Cells and Populations Thereof

[0080] Another embodiment of the invention further provides a host cell comprising any
of the recombinant expression vectors described herein. Still another embodiment of the
invention provides a host cell expressing any of the nucleic acids described herein or the one
or more polypeptides described herein. As used herein, the term "host cell” refers to any type
of cell that can contain the inventive recombinant expression vector. The host cell can be a
eukaryotic cell, e.g., plant, animal, fungi, or algae, or can be a prokaryotic cell, e.g., bacteria
or protozoa. The host cell can be a cultured cell or a primary cell, i.e., isolated directly from
an organism, e.g., a human. The host cell can be an adherent cell or a suspended cell, i.e., a
cell that grows in suspension. Suitable host cells are known in the art and include, for
instance, DH5a E. coli cells, Chinese hamster ovarian cells, monkey VERO cells, COS cells,
HEK?293 cells, and the like. For purposes of amplifying or replicating the recombinant
expression vector, the host cell is preferably a prokaryotic cell, e.g., a DH5a cell. For
purposes of producing polypeptide(s) encoded by the inventive nucleic acids, the host cell is
preferably a mammalian cell. Most preferably, the host cell is a human cell. While the host
cell can be of any cell type, can originate from any type of tissue, and can be of any

developmental stage, the host cell preferably is a peripheral blood lymphocyte (PBL) or a
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peripheral blood mononuclear cell (PBMC). More preferably, the host cell isa T cell ora
natural killer (NK) cell.

[0081] For purposes herein, the T cell can be any T cell, such as a cultured T cell, e.g., a
primary T cell, or a T cell from a cultured T cell line, e.g., Jurkat, SupT1, etc., ora T cell
obtained from a mammal. If obtained from a mammal, the T cell can be obtained from
numerous sources, including but not limited to blood, bone marrow, lymph node, the thymus,
or other tissues or fluids. T cells can also be enriched for or purified. Preferably, the T cell is
a human T cell. More preferably, the T cell is a T cell isolated from a human. The T cell can
be any type of T cell and can be of any developmental stage, including but not limited to,
CD4*/CD8* double positive T cells, CD4" helper T cells, e.g., Thy and Thy cells, CD4" T
cells, CD8" T cells (e.g., cytotoxic T cells), tumor infiltrating lymphocytes (TILs), memory T
cells (e.g., central memory T cells and effector memory T cells), naive T cells, and the like.
[0082] In an embodiment of the invention, the host cell comprises (e.g., expresses) an
antigen-specific receptor. In a preferred embodiment, the antigen-specific receptor has
antigenic specificity for a cancer antigen. The phrases “antigen-specific” and “antigenic
specificity,” as used herein, mean that the antigen-specific receptor can specifically bind to
and immunologically recognize an antigen, or an epitope thereof, such that binding of the
antigen-specific receptor to antigen, or the epitope thereof, elicits an immune response.
[0083] The term “cancer antigen,” as used herein, refers to any molecule (e.g., protein,
polypeptide, peptide, lipid, carbohydrate, etc.) solely or predominantly expressed or over-
expressed by a tumor cell or cancer cell, such that the antigen is associated with the tumor or
cancer. The cancer antigen can additionally be expressed by normal, non-tumor, or non-
cancerous cells. However, in such cases, the expression of the cancer antigen by normal,
non-tumor, or non-cancerous cells is not as robust as the expression by tumor or cancer cells.
In this regard, the tumor or cancer cells can over-express the antigen or express the antigen at
a significantly higher level, as compared to the expression of the antigen by normal, non-
tumor, or non-cancerous cells. Also, the cancer antigen can additionally be expressed by
cells of a different state of development or maturation. For instance, the cancer antigen can
be additionally expressed by cells of the embryonic or fetal stage, which cells are not
normally found in an adult host. Alternatively, the cancer antigen can be additionally
expressed by stem cells or precursor cells, which cells are not normally found in an adult
host. Examples of cancer antigens include, but are not limited to, mesothelin, CD19, CD22,

CD30, CD70, CD276 (B7H3), gp100, MART-1, Epidermal Growth Factor Receptor Variant
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I (EGFRVII), Vascular Endothelial Growth Factor Receptor 2 (VEGFR-2), TRP-1, TRP-2,
tyrosinase, human papillomavirus (HPV) 16 E6, HPV 16 E7, HPV 18 E6, HPV 18 E7, KK-
LC-1, NY-BR-1, NY-ESO-1 (also known as CAG-3), SSX-2, SSX-3, SSX-4, SSX-5, SSX-9,
SSX-10, MAGE-A1, MAGE-A2, BRCA, MAGE-A3, MAGE-A4, MAGE-AS5, MAGE-AG6,
MAGE-A7, MAGE-AS8, MAGE-A9, MAGE-A10, MAGE-A11, MAGE-A12, HER-2, etc. In
an embodiment of the invention, the cancer antigen may be a mutated antigen that 1s
expressed or overexpressed by tumor or cancer cells and which is not expressed by normal,
non-tumor, or non-cancerous cells. Examples of such cancer antigens may include, but are
not limited to, mutated KRAS and mutated p53. T cells having antigenic specificity for a
cancer antigen may, advantageously, reduce or avoid cross-reactivity with normal tissues
such as, for example, that which may occur using T cells having antigenic specificity for
minor histocompatability antigens. In a preferred embodiment, the cancer antigen is HPV 16
E7, HPV 18 E7, or KK-LC-1.

[0084] The cancer antigen can be an antigen expressed by any cell of any cancer or
tumor, including the cancers and tumors described herein. The cancer antigen may be a
cancer antigen of only one type of cancer or tumor, such that the cancer antigen is associated
with or characteristic of only one type of cancer or tumor. Alternatively, the cancer antigen
may be a cancer antigen (e.g., may be characteristic) of more than one type of cancer or
tumor. For example, the cancer antigen may be expressed by both breast and prostate cancer
cells and not expressed at all by normal, non-tumor, or non-cancer cells.

[0085] In an embodiment of the invention, the antigen-specific receptor is an exogenous
T cell receptor (TCR). By “exogenous” is meant that the TCR is not native to (naturally-
occurring on) the T cell. The exogenous TCR may be a recombinant TCR. A recombinant
TCR is a TCR which has been generated through recombinant expression of one or more
exogenous TCR a-, B-, y-, and/or 6-chain encoding genes. A recombinant TCR can comprise
polypeptide chains derived entirely from a single mammalian species, or the recombinant
TCR can be a chimeric or hybrid TCR comprised of amino acid sequences derived from
TCRs from two different mammalian species. For example, the TCR can comprise a variable
region derived from a murine TCR, and a constant region of a human TCR such that the TCR
is “humanized.” Any exogenous TCR having antigenic specificity for a cancer antigen may
be useful in the inventive methods and compositions. The TCR generally comprises two
polypeptides (i.e., polypeptide chains), such as an a-chain of a TCR, a 3-chain of a TCR, a y-
chain of a TCR, a d-chain of a TCR, or a combination thereof. Such polypeptide chains of
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TCRs are known in the art. The cancer antigen-specific TCR can comprise any amino acid
sequence, provided that the TCR can specifically bind to and immunologically recognize a
cancer antigen or epitope thereof. Examples of exogenous TCRs that may be useful in the
inventive methods and compositions include, but are not limited to, those disclosed in, for
example, U.S. Patents 7,820,174; 7,915,036; 8,088,379; 8,216,565; 8,431,690; 8,613,932;
8,785,601; 9,128,080; 9,345,748; 9,487,573; 9,822,162; U.S. Patent Application Publication
Nos. 2013/0116167; 2014/0378389; 2015/0246959; 2017/0145070, and International Patent
Application Publication No. WO 2017/189254, each of which is incorporated herein by
reference. In a preferred embodiment, the exogenous TCR is the anti-HPV 16 E7 TCR
disclosed in U.S. Patent Application Publication No. 2017/0145070 or the anti-KK-LC-1
TCR disclosed in International Patent Application Publication No. WO 2017/189254.

[0086] In an embodiment of the invention, the antigen-specific receptor is a chimeric
antigen receptor (CAR). Typically, a CAR comprises the antigen binding domain of an
antibody, e.g., a single-chain variable fragment (scFv), fused to the transmembrane and
intracellular domains of a TCR. Thus, the antigenic specificity of a TCR of the invention can
be encoded by a scFv which specifically binds to the cancer antigen, or an epitope thereof.
Any CAR having antigenic specificity for a cancer antigen may be useful in the inventive
methods and compositions. Examples of CARs that may be useful in the inventive methods
and compositions include, but are not limited to, those disclosed in, for example, U.S. Patents
8,465,743, 9,266,960; 9,765,342; 9,359,447; 9,868,774 and U.S. Patent Application
Publication No. 2017/0107286, each of which is incorporated herein by reference.

[0087] In an embodiment of the invention, the antigen-specific receptor is an endogenous
TCR. In some embodiments, the T cell comprising the endogenous TCR does not comprise
(e.g., express) a CAR or an exogenous TCR. In other embodiments, a T cell comprising an
endogenous cancer antigen-specific TCR can also be transformed, e.g., transduced or
transfected, with one or more nucleic acids encoding an exogenous (e.g., recombinant) TCR
or other recombinant receptor (e.g., CAR). Such exogenous receptors, e.g., TCRs, can confer
specificity for additional antigens to the transformed T cell beyond the antigens for which the
endogenous TCR is naturally specific. This can, but need not, result in the production of T
cells having dual antigen specificities.

[0088] In an embodiment of the invention, the inventive macleic acids, recombinant
expression vectors, polypeptide(s), host cells, and populations thereof may be isolated or

purified. The term "isolated,” as used herein, means having been removed from its natural
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environment. The term "purified," as used herein, means having been increased in purity,
wherein "purity" is a relative term, and not to be necessarily construed as absolute purity. For
example, the purity can be at least about 50%, can be greater than about 60%, about 70% or

about 80%, about 90% or can be about 100%.
Pharmaceutical Compositions and Methods of Treatment

[0089] The inventive nucleic acids, recombinant expression vectors, polypeptide(s), host
cells (and populations thereof) (hereinafter, “inventive IL-21/15 materials”) may be included
in a composition, such as a pharmaceutical composition. In this regard, the invention
provides a pharmaceutical composition comprising any of the inventive IL-21/15 materials
described herein and a pharmaceutically acceptable carrier.

[0090] Preferably, the carrier is a pharmaceutically acceptable carrier. With respect to
pharmaceutical compositions, the carrier can be any of those conventionally used for the
administration of cells. Such pharmaceutically acceptable carriers are well-known to those
skilled in the art and are readily available to the public. It is preferred that the
pharmaceutically acceptable carrier be one which has no detrimental side effects or toxicity
under the conditions of use.

[0091] The choice of carrier may be determined in part by the particular method used to
administer the particular inventive IL-21/15 material. Accordingly, there are a variety of
suitable formulations of the pharmaceutical composition of the invention. Suitable
formulations may include any of those for parenteral, subcutaneous, intravenous,
intramuscular, intraarterial, intrathecal, intratumoral, or interperitoneal administration. More
than one route can be used to administer the inventive 1L.-21/15 material, and in certain
instances, a particular route can provide a more immediate and more effective response than
another route.

10092] Preferably, the inventive I1.-21/15 material is administered by injection, e.g.,
intravenously. A suitable pharmaceutically acceptable carrier for the cells for injection may
include any isotonic carrier such as, for example, normal saline (about 0.90% w/v of NaCl in
water, about 300 mOsm/L NaCl in water, or about 9.0 g NaCl per liter of water),
NORMOSOL R electrolyte solution (Abbott, Chicago, IL), PLASMA-LYTE A (Baxter,
Deerfield, IL), about 5% dextrose in water, or Ringer's lactate. In an embodiment, the

pharmaceutically acceptable carrier is supplemented with human serum albumen.
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[0093] For purposes of the invention, the dose, e.g., number of inventive host cells
administered should be sufficient to effect, e.g., a therapeutic or prophylactic response, in the
mammal over a reasonable time frame. For example, the number of inventive host cells
administered should be sufficient to bind to a cancer antigen or treat or prevent cancer in a
period of from about 2 hours or longer, e.g., 12 to 24 or more hours, from the time of
administration. In certain embodiments, the time period could be even longer. The number
of inventive host cells administered will be determined by, e.g., the efficacy of the particular
population of host cells (e.g., T cells) to be administered and the condition of the mammal
(e.g., human), as well as the body weight of the mammal (e.g., human) to be treated.

[0094] Many assays for determining an administered number of inventive host cells are
known in the art. For purposes of the invention, an assay, which comprises comparing the
extent to which target cells are lysed or one or more cytokines such as, e.g., [FN-y and IL-2 is
secreted upon administration of a given number of such T cells to a mammal among a set of
mammals of which is each given a different number of the T cells, could be used to determine
a starting number to be administered to a mammal. The extent to which target cells are lysed
or cytokines such as, e.g., IFN-y and IL-2 are secreted upon administration of a certain
number can be assayed by methods known in the art. Secretion of cytokines such as, e.g., IL-
2, may also provide an indication of the quality (e.g., phenotype and/or effectiveness) ofa T
cell preparation.

[0095] The number of inventive host cells administered also will be determined by the
existence, nature and extent of any adverse side effects that might accompany the
administration of a particular population of cells. Typically, the attending physician will
decide the number of cells with which to treat each individual patient, taking into
consideration a variety of factors, such as age, body weight, general health, diet, sex, route of
administration, and the severity of the condition being treated. By way of example and not
intending to limit the invention, the number of cells to be administered can be about 10 x 10°
to about 10 x 10!! cells per infusion, about 10 x 10° cells to about 10 x 10'! cells per infusion,
or 10 x 107 to about 10 x 10° cells per infusion.

[0096] It is contemplated that the inventive IL-21/15 materials can be used in methods of
treating or preventing cancer in a mammal. In this regard, the invention provides a method of
treating or preventing cancer in a mammal, comprising administering to the mammal any of
the inventive IL-21/15 materials or pharmaceutical compositions described herein in an

amount effective to treat or prevent cancer in the mammal.
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[0097] One or more additional therapeutic agents can be coadministered to the mammal.
By “coadministering” is meant administering one or more additional therapeutic agents and
the inventive I1L-21/15 maternal sufficiently close in time such that the inventive I1-21/15
material can enhance the effect of one or more additional therapeutic agents, or vice versa. In
this regard, the inventive IL-21/15 material can be administered first and the one or more
additional therapeutic agents can be administered second, or vice versa. Alternatively, the
inventive IL-21/15 material and the one or more additional therapeutic agents can be
administered simultaneously. Additional therapeutic agents that may enhance the function of
the inventive IL-21/15 material may include, for example, one or more cytokines or one or
more antibodies (e.g., antibodies that inhibit PD-1 function). An exemplary therapeutic agent
that can be co-administered with the inventive 1L-21/15 material is [L-2. Without being
bound to a particular theory or mechanism, it is believed that IL-2 may enhance the
therapeutic effect of the inventive populations of host cells.

[0098] An embodiment of the invention further comprises lymphodepleting the mammal
prior to administering the inventive IL-21/15 material. Examples of lymphodepletion
include, but may not be limited to, nonmyeloablative lymphodepleting chemotherapy,
myeloablative lymphodepleting chemotherapy, total body irradiation, etc.

[0099] The terms "treat,” and "prevent” as well as words stemming therefrom, as used
herein, do not necessarily imply 100% or complete treatment or prevention. Rather, there are
varying degrees of treatment or prevention of which one of ordinary skill in the art recognizes
as having a potential benefit or therapeutic effect. In this respect, the inventive methods can
provide any amount of any level of treatment or prevention of cancer in a mammal.
Furthermore, the treatment or prevention provided by the inventive method can include
treatment or prevention of one or more conditions or symptoms of the disease, e.g., cancer,
being treated or prevented. Also, for purposes herein, "prevention” can encompass delaying
the onset or recurrence of the disease, or a symptom or condition thereof,

[0100] For purposes of the inventive methods, wherein populations of cells are
administered, the cells can be cells that are allogeneic or autologous to the mammal.
Preferably, the cells are autologous to the mammal.

[0101] With respect to the inventive methods, the cancer can be any cancer, including
any of leukemia (e.g., B cell leukemia), sarcomas (e.g., synovial sarcoma, osteogenic
sarcoma, leilomyosarcoma uteri, and alveolar rhabdomyosarcoma), lymphomas (e.g., Hodgkin

lymphoma and non-Hodgkin lymphoma), hepatocellular carcinoma, glioma, head-neck
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cancer, acute lymphocytic cancer, acute myeloid leukemia, bone cancer, brain cancer, breast
cancer, cancer of the anus, anal canal, or anorectum, cancer of the eye, cancer of the
intrahepatic bile duct, cancer of the joints, cancer of the neck, gallbladder, or pleura, cancer
of the nose, nasal cavity, or middle ear, cancer of the oral cavity, cancer of the vulva, chronic
lymphocytic leukemia, chronic myeloid cancer, colon cancer (e.g., colon carcinoma),
esophageal cancer, uterine cervical cancer, gastrointestinal carcinoid tumor, hypopharynx
cancer, larynx cancer, liver cancer, lung cancer, malignant mesothelioma, melanoma,
multiple myeloma, nasopharynx cancer, oropharynx, ovarian cancer, pancreatic cancer, penis,
peritoneum, rectum, omentum, and mesentery cancer, pancreas, pharynx cancer, prostate
cancer, rectal cancer, renal cancer, small intestine cancer, soft tissue cancer, stomach cancer,
testicular cancer, thyroid cancer, ureter cancer, vagina, and urinary bladder cancer.

[0102] In embodiments where the cancer antigen is KK-LC-1, a preferred cancer is
cancer of the bladder, uterine cervix, stomach, breast, lung, colon, rectum, or pancreas. A
particularly preferred cancer is KK-LC-1-positive cancer. While the cancers most commonly
associated with KK-L.C-1 expression include cancer of the bladder, uterine cervix, stomach,
breast, lung, colon, rectum, and pancreas, the methods may be used to treat any KK-L.C-1-
positive cancer, including those that occur at other anatomical areas.

[0103] In embodiments where the cancer antigen is HPV 16 (E6 or E7), a preferred
cancer 1s cancer is cancer of the uterine cervix, oropharynx, anus, anal canal, anorectum,
vagina, vulva, or penis. A particularly preferred cancer is HPV 16-positive cancer. While
the cancers most commonly associated with HPV 16 infection include cancer of the uterine
cervix, oropharynx, anus, anal canal, anorectum, vagina, vulva, and penis, the methods may
be used to treat any HPV 16-positive cancer, including those that occur at other anatomical
areas.

[0104] Another embodiment of the invention provides any of the nucleic acids,
polypeptide(s), recombinant expression vectors, host cells, populations of cells, or
pharmaceutical compositions described herein, for use in the treatment or prevention of
cancer in a mammal.

[0105] It is contemplated that any of the inventive nucleic acids, polypeptide(s),
recombinant expression vectors, host cells, populations of cells, or pharmaceutical
compositions described herein may be useful as immunotherapy adjuvants, e.g., vaccine
adjuvants. In this regard, an embodiment of the invention provides a method of enhancing

the immune response of a mammal to an immunotherapy, e.g., a vaccine, the method
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comprising administering to the mammal (1) the vaccine and (ii) any of the inventive nucleic
acids, polypeptide(s), recombinant expression vectors, host cells, populations of cells, or
pharmaceutical compositions described herein in an amount effective to enhance the immune
response of the mammal to the immunotherapy, e.g., vaccine.

[0106] Still another embodiment of the invention provides any of the inventive nucleic
acids, polypeptide(s), recombinant expression vectors, host cells, populations of cells, or
pharmaceutical compositions described herein, for use in the enhancement of an immune
response of a mammal to an immunotherapy, e.g., vaccine.

[0107] The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.

EXAMPLES

[0108] The following materials and methods were employed in the experiments described

in Examples 1-8.
Design and construct of tethered IL-15 and IL-21

[0109] Various IL-15 constructs were prepared. These included tethered IL-15 (TelL-15)
constructs (Tell-15 Lr1, Tell.-15 L2, and Tell-15 Lr6). The structure of each of the Tell-
15 constructs is composed of four fragments: a signal sequence, an IL-15 mature amino acid
sequence, a flexible linker, and a cell membrane anchor moiety (“anchor”) (Fig. 1A). The
signal sequence is a human IgE signal sequence. The anchor Arl is a human CDS8a
transmembrane amino acid sequence.

[0110] In addition to the TellL-15 constructs, a secreted I1L-15 (IL-15S) construct and an
IL-15RA construct were also prepared. The structure of the IL-15RA construct is composed
of four fragments: a human IgE signal sequence, a mature I1L-15 amino acid sequence, a
flexible linker, and an IL-15 receptor subunit alpha (IL-15Ra) sequence. The structure of the
IL-158S construct 1s composed of two fragments: a human IgE signal sequence and an 1L-15
mature amino acid sequence.

[0111] The amino acid sequences of the various components employed in the IL-15

constructs 1s set forth in Table 1.
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TABLE 1
Component | Sequence
Signal MDWTWILFLVAAATRVHS (SEQ ID NO: 1)
sequence
(IgE)
IL-15 NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASI

HDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ
ID NO: 3)

Linker (Lr) 1

SGGGGSGGGGSGGGGSGGGGSGGGSLQ (SEQ ID NO: 12)

Lr2

GSTSGSGKPGSGEGSTKG (SEQ ID NO: 13)

Lr6

GGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS (SEQ ID
NO: 14)

Anchor (Ar) 1 | IYIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 4)

Ar2 LLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 5)

IL-15Ra ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWT
TPSLKCIRDPALVHQRPAPPSTVTTAGVTPQPESLSPSGKEPAASSPSSNNTAATTA
AIVPGSQLMPSKSPSTGTTEISSHESSHGTPSQTTAKNWELTASASHQPPGVYPQG
HSDTTVAISTSTVLLCGLSAVSLLACYLKSRQTPPLASVEMEAMEALPVTWGTSSRD
EDLENCSHHL (SEQ ID NO: 18)

[0112] The amino acid sequences of each of the full length IL-15 constructs is set forth in

Table 2. In Table 2, the IL-15 amino acid sequence is underlined, the anchor sequence (Arl)

is shown in bold, and the 1L.-15Ra is italicized.

TABLE 2

IL-15
Construct

Amino Acid Sequence

TellL-15 Lr1

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFV
HIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQIYIWAPLAGTCGVLLLSLVIT
(SEQ ID NO: 19)

Tell-15 Lr2

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFV
HIVOMFINTSGSTSGSGKPGSGEGSTKGIYIWAPLAGTCGVLLLSLVIT (SEQ ID NO:
20)

IL-15 RA

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFY
HIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQITCPPPMSVEHADIWVKSYS
LYSRERYICNSGFKRKAGTSSLTECVLNKATNVAHWTTPSLKCIRDPALVHQRPAPPST
VTITAGVTPQPESLSPSGKEPAASSPSSNNTAATTAAIVPGSQLMPSKSPSTGTTEISSH

ESSHGTPSQTTAKNWELTASASHQPPGVYPQGHSDTTVAISTSTVLLCGLSAVSLLACY
LKSRQTPPLASVEMEAMEALPVTWGTSSRDEDLENCSHHL (SEQ ID NO: 21)

Tell-15 Lr6

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFY
HIVOMFINTSGGGGSGGGGSGGGGESGGGGSGGGGSGGGGSGGGGESGGGGSGGGE
SIYIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 22)

IL-158

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKC
FLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFY
HIVQMFINTS (SEQ ID NO: 23)
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[0113] A total of seven tethered IL-21 (TelL-21) constructs were prepared (Tell-21 Lxl,
TellL-21 Lr2, TelL-21 Lr6, TelL-21 Lr7, TelL-21 Lr8Arl, TelL-21 Lr9, and elL-21 Lr§Ar2).

The structure of each of the Tell.-21 constructs is composed of four fragments: a signal

sequence, a mature [L-21 amino acid sequence, a flexible linker, and a cell membrane anchor

moiety (Fig. 1B). The signal sequence is a human IgE signal sequence. The anchor sequence

is a human CD8a transmembrane amino acid sequence (Arl) or a human B7-1

transmembrane-intracellular amino acid sequence (Ar2).

[0114] The amino acid sequences of the various components employed in the Tell-21

constructs 1s set forth in Table 3.

TABLE 3
Component | Sequence
Signal MDWTWILFLVAAATRVHS (SEQ ID NO: 1)
sequence
(IgE)
IL-21 QGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETNCEWSAFSCFQKAQLK

SANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYEKKPPKEFLERFKSL
LQKMIHQHLSSRTHGSEDS (SEQ ID NO: 2)

Linker (Lr) 1

SGGGGSGGGGSGGGGSGGGGSGGGSLQ (SEQ ID NO:12)

Lr2

GSTSGSGKPGSGEGSTKG (SEQ ID NO: 13)

Lre GGGGSGGGGSGGGGSGGGGSGGGGSCGGGSGGGGSGGGGSGGGES (SEQ D
NO: 14)

Lr7 AEAAAKEAAAKEAAAKEAAAKALEAEAAAKEAAAKEAAAKEAAAKA (SEQ ID NO:
15)

Lr8 SGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSLQ
(SEQ ID NO: 16)

Lr9 AGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGSG

GGGSGGGGSAS (SEQ ID NOG: 17)

Anchor (Ar) 1

I'YIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 4)

Ar2

LLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 5)

[0115] The amino acid sequences of each of the full length TelL-21 constructs is set forth

in Table 4. In Table 4, the IL-21 amino acid sequence is underlined, and the anchor sequence

(Arl or Ar2) is shown in bold.

TABLE 4

Tell-21 Amino acid Sequence

Construct

Tell-21 Lr1 MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGEG
GSGGGSLQIYIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 24)

Tell-21 Lr2 MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET

NCEWSAFSCFQKAQLKSANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
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TellL-21 Amino acid Sequence
Construct

SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSGSTSGSGKPGSGEGSTKGIYI
WAPLAGTCGVLLLSLVIT (SEQ ID NO: 25)

TelL-21 L6 MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEW SAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSGGGGSGGGGSGGGGSGGGG
SGGGGSGGGGSGGGGSGGGGSGGGGSIYIWAPLAGTCGVLLLSLVIT (SEQ ID
NO: 26)

Tell-21 Lr7 MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLOKMIHQHLSSRTHGSEDSAEAAAKEAAAKEAAAKEAAAKA
LEAEAAAKEAAAKEAAAKEAAAKA IYIWAPLAGTCGVLLLSLVIT (SEQ ID NO:27)

TelL-21 Lr8A1 | MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGG
GSGGGGSGGGGSGGGGSGGGGSGGGGSLQIYIWAPLAGTCGVLLLSLVIT (SEQ
ID NO: 28)

TelL-21 Lr9 MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD

SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSAGGGSGGGGSGGGGSGGGG

SGGGGSGGGGSGGGGSGGGGSGGGGSGGGSCGGGSGGGGSASIYIWAPLAGTC
GVLLLSLVIT (SEQ ID NO: 29)

TelL-21 Lr8Ar2 | MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGE
GSGGGGSGGGGSGGGGSGGGGSGGGGSLQLLPSWAITLISVNGIFVICCLTYCFAP
RCRERRRNERLRRESVRPV (SEQ ID NO: 30)

[0116] Five tethered 1L-21/tethered IL-15 (TelL-21/15) constructs were prepared (Tell-
21/15 P2A Arl, TelL-21/15 E2A, Tell.-21/15 T2A, TelL-21/15 FurinA-P2A, and TellL-
21/15 E2A Ar2). One Tell.-21 construct and one TelL-15 construct were joined by a
cleavable linker to generate each Tell.-21/15 construct (Fig. 1C). The nucleotide sequences
of the Tell.-21/15 constructs were derived from their amino acid sequences and codon
optimized for human tissue expression.

[0117] The TelL-21 sequence, TelL-15 sequence, and cleavable linker sequences of the
TellL-21/15 constructs are set forth in Table 5. In Table 5, the interleukin (IL15 or IL-21)

amino acid sequence 1s underlined, and the anchor sequence (Arl or Ar2) is shown in bold.

TABLE 5

Component Amino acid Sequence

TelL-21 Lr8A1 | MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLOKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGG
GSGGGGSGGGGSGGGGSGGGGSGGGGSLQIYIWAPLAGTCGVLLLSLVIT (SEQ
ID NO: 28)

TelL-21 Lr8Ar2 | MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCFQKAQLKSANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCD
SYEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGG
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Component

Amino acid Sequence

GSGGGGSGGGESGGGGSGGGGSGGGGSLQLLPSWAITLISVNGIFVICCLTYCFAP
RCRERRRNERLRRESVRPV (SEQ ID NO: 30)

TelL-15 Lr1Ar2

MDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAM
KCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEELEEKNIKEFL
QSFVHIVOMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQLLPSWAITLISVNGI
FVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 31)

Cleavable
linker P2A

GSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 7)

Cleavable
linker E2A

GSGQCTNYALLKLAGDVESNPGP (SEQ ID NO: 8)

Cleavable
linker T2A

GSGEGRGSLLTCGDVEENPGP (SEQ ID NO: 9)

Cleavable
linker Furin-
P2A

RAKRSGSGATNFSLLKQAGDVEENPGP (SEQ ID NO: 11)

[0118] The amino acid sequences of the full TelL.-21/15 constructs are set forth in Table

6A. In Table 6A, the IL-21 sequence is underlined, the IL-15 sequence is shown in bold, and

the anchor sequences (Arl or Ar2) are italicized. The cleavable linker is indicated in the left

column of Table 6A.

TABLE 6A

Tell.-21/15
Construct

Amino Acid Sequence

TellL-21/15
P2A Ar1

MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE
KKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSGGGGSGGGGSLQIYIWAPLAGTCGVLLLSLVITGSGATNFSLLKQ
AGDVEENPGPMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDV

HPSCKVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEEL
EEKNIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQLLPSWAI

TLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 32)

Tell-21/15
E2A Ar1

MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE
KKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGE
GGSGGGGSGGGGSGGGGSGGGGSLQIYIWAPLAGTCGVLLLSLVITGSGQCTNYALL
KLAGDVESNPGPMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTES
DVHPSCKVTAMKCFLLELQVISLESGDASIHDTVENLILANNSLSSNGNVTESGCKEC
EELEEKNIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQLLPS
WAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO:33 )

TellL-21/15
T2A

MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE
KKPPKEFLERFKSLLOKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGG
GGSGGGGSGGGGSGGGGSGGGGSLQIYIWAPLAGTCGVLLLSLVITGSGEGRGSLLT

CGDVEENPGPMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATLYTESDV
HPSCKVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGCKECEEL
EEKNIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQLLPSWAIL

TLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 34)

TelL-21/15
FurinA-P2A
Ar1

MDWTWILFLVAAATRVHSQGQDRHMIRMRQALIDIVDQLKNYVNDLVPEFL PAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE

KKPPKEFLERFKSLLOKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGG
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TelL-21/15
Construct

Amino Acid Sequence

GGSGGGGSGGGGSGGGGSCGCGGSLQYIWAPLAGTCGVLLLSLVITRAKRSGSGATN

FSLLKQAGDVEENPGPMDWTWILFLVAAATRVHSNWVNVISDLKKIEDLIQSMHIDATL

YTESDVHPSCKVTAMKCFLLELQVISLESGDASIHDTVENLIILANNSLSSNGNVTESGC
KECEELEEKNIKEFLQSFVHIVQMFINTSSGGGGSGGGGSGGGGSGGGGSGGGSLQL
LPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPYV (SEQ ID NO: 35)

TelL-21/15
E2A Ar2

MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERIINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE
KKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGG

GGSGGGGSGGGGSGGGGSGGGGSLQLLPSWAITLISVNGIFVICCLTYCFAPRCRERR
RNERLRRESVRPVGSGQCTNYALLKLAGDVESNPGPMDWTWILFLVAAATRVHSNWY

NVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIHDTVE
NLIILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSSGGGGSGGG

GSGGGGSGGGGSGGGSLALLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRE
SVRPV (SEQ ID NO: 36)

Tell-21/15
FurinA-P2A
Ar2

MDWTWILFLVAAATRVHSQGQDRHMIRMRQLIDIVDQLKNYVNDLVPEFLPAPEDVETN
CEWSAFSCFQKAQLKSANTGNNERINVSIKKLKRKPPSTNAGRRQKHRLTCPSCDSYE
KKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDSSGGGGSGGGGSGGGGSGGGGSGE

GGSGGGGSGGGGSGGGGSGGGGSLQLLPSWAITLISVNGIFVICCLTYCFAPRCRERR
RNERLRRESVRPVRAKRSGSGATNFSLLKQAGDVEENPGPMDWTWILFLVAAATRVHS
NWVNVISDLKKIEDLIQSMHIDATLYTESDVHPSCKVTAMKCFLLELQVISLESGDASIH

DTVENLILANNSLSSNGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTSSGGGGS
GGGGSGGGGSGGGGSGGGSLQLLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNER
LRRESVRPV (SEQ ID NO: 37)

TABLE 6B

Tell-21/15
P2A

SEQ ID
NO: 39

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGCGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAGATCTATATTTGGGCCCCTCTGGCCGGA
ACATGTGGCGTGTTGCTGCTGTCTCTGGTTATCACCGGCAGCGGCGCCACAAATTTCA
GCCTGCTGAAACAGGCCGGCGACGTGGAAGAGAATCCTGGACCTATGGACTGGACTT
GGATACTCTTTCTGGTCGCTGCCGCCACACGGGTGCACTCTAATTGGGTCAACGTGAT
CAGCGACCTGAAGAAGATCGAGGACCTGATCCAGAGCATGCACATCGACGCCACACT
GTACACCGAGTCCGATGTGCACCCTAGCTGCAAAGTGACCGCCATGAAGTGCTTTCTG
CTGGAACTGCAAGTGATCAGCCTGGAAAGCGGCGACGCCAGCATCCACGATACCGTG
GAAAATCTGATCATCCTGGCCAACAACAGCCTGTCCAGCAACGGCAATGTGACCGAG
AGCGGCTGCAAAGAGTGCGAGGAACTGGAAGAGAAGAACATCAAAGAGTTTCTGCA
GAGCTTCGTCCACATCGTGCAGATGTTCATCAACACCTCATCAGGCGGCGGTGGTAGT
GGAGGCGGAGGCTCAGGCGGCGGAGGTTCCGGAGGTGGCGGTTCCGGCGGAGGATC
TCTTCAATTGCTGCCTAGCTGGGCCATCACACTGATCTCCGTGAACGGCATCTTCGTG
ATCTGCTGCCTGACCTACTGCTTCGCCCCTAGATGCAGAGAGCGGAGAAGAAACGAG
CGGCTGAGAAGAGAAAGCGTGCGGCCTGTG

Tell-21/15
E2A Arl

SEQ ID
NO: 40

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
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CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAGATCTATATTTGGGCCCCTCTGGCCGGA
ACATGTGGCGTGTTGCTGCTGTCTCTGGTTATCACCGGCTCCGGCCAGTGTACCAATT
ACGCCCTGCTTAAACTGGCCGGCGACGTGGAATCCAATCCTGGACCTATGGACTGGA
CTTGGATACTCTTTCTGGTCGCTGCCGCCACACGGGTGCACTCTAATTGGGTCAACGT
GATCAGCGACCTGAAGAAGATCGAGGACCTGATCCAGAGCATGCACATCGACGCCAC
ACTGTACACCGAGTCCGATGTGCACCCTAGCTGCAAAGTGACCGCCATGAAGTGCTTT
CTGCTGGAACTGCAAGTGATCAGCCTGGAAAGCGGCGACGCCAGCATCCACGATACC
GTGGAAAATCTGATCATCCTGGCCAACAACAGCCTGTCCAGCAACGGCAATGTGACC
GAGAGCGGCTGCAAAGAGTGCGAGGAACTGGAAGAGAAGAACATCAAAGAGTTTCT
GCAGAGCTTCGTCCACATCGTGCAGATGTTCATCAACACCTCATCAGGCGGCGGTGGT
AGTGGAGGCGGAGGCTCAGGCGGCGGAGGTTCCGGAGGTGGCGGTTCCGGCGGAGG
ATCTCTTCAATTGCTGCCTAGCTGGGCCATCACACTGATCTCCGTGAACGGCATCTITC
GTGATCTGCTGCCTGACCTACTGCTTCGCCCCTAGATGCAGAGAGCGGAGAAGAAAC
GAGCGGCTGAGAAGAGAAAGCGTGCGGCCTGTG

TelL-21/15
T2A

SEQID
NO: 41

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAGATCTATATTTGGGCCCCTCTGGCCGGA
ACATGTGGCGTGTTGCTGCTGTCTCTGGTTATCACCGGTTCTGGCGAAGGCAGAGGCT
CTCTGCTTACTTGTGGCGACGTGGAAGAGAATCCTGGACCTATGGACTGGACTTGGAT
ACTCTTTCTGGTCGCTGCCGCCACACGGGTGCACTCTAATTGGGTCAACGTGATCAGC
GACCTGAAGAAGATCGAGGACCTGATCCAGAGCATGCACATCGACGCCACACTGTAC
ACCGAGTCCGATGTGCACCCTAGCTGCAAAGTGACCGCCATGAAGTGCTTTCTGCTGG
AACTGCAAGTGATCAGCCTGGAAAGCGGCGACGCCAGCATCCACGATACCGTGGAAA
ATCTGATCATCCTGGCCAACAACAGCCTGTCCAGCAACGGCAATGTGACCGAGAGCG
GCTGCAAAGAGTGCGAGGAACTGGAAGAGAAGAACATCAAAGAGTTTCTGCAGAGC
TTCGTCCACATCGTGCAGATGTTCATCAACACCTCATCAGGCGGCGGTGGTAGTGGAG
GCGGAGGCTCAGGCGGCGGAGGTTCCGGAGGTGGCGGTTCCGGCGGAGGATCTCTTC
AATTGCTGCCTAGCTGGGCCATCACACTGATCTCCGTGAACGGCATCTTCGTGATCTG
CTGCCTGACCTACTGCTTCGCCCCTAGATGCAGAGAGCGGAGAAGAAACGAGCGGCT
GAGAAGAGAAAGCGTGCGGCCTGTG

Tell.-21/15
FurinA-P2A
Arl

SEQ ID
NO: 42

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAGATCTATATTTGGGCCCCTCTGGCCGGA
ACATGTGGCGTGTTGCTGCTGTCTCTGGTTATCACCAGGGCCAAAAGAAGCGGCAGC
GGCGCCACAAATTTCAGCCTGCTGAAACAGGCCGGCGACGTGGAAGAGAATCCTGGA
CCTATGGACTGGACTTGGATACTCTTTCTGGTCGCTGCCGCCACACGGGTGCACTCTA
ATTGGGTCAACGTGATCAGCGACCTGAAGAAGATCGAGGACCTGATCCAGAGCATGC
ACATCGACGCCACACTGTACACCGAGTCCGATGTGCACCCTAGCTGCAAAGTGACCG
CCATGAAGTGCTTTCTGCTGGAACTGCAAGTGATCAGCCTGGAAAGCGGCGACGCCA
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GCATCCACGATACCGTGGAAAATCTGATCATCCTGGCCAACAACAGCCTGTCCAGCA
ACGGCAATGTGACCGAGAGCGGCTGCAAAGAGTGCGAGGAACTGGAAGAGAAGAAC
ATCAAAGAGTTTCTGCAGAGCTTCGTCCACATCGTGCAGATGTTCATCAACACCTCAT
CAGGCGGCGGTGGTAGTGGAGGCGGAGGCTCAGGCGGCGGAGGTTCCGGAGGTGGC
GGTTCCGGCGGAGGATCTCTTCAATTGCTGCCTAGCTGGGCCATCACACTGATCTCCG
TGAACGGCATCTTCGTGATCTGCTGCCTGACCTACTGCTTCGCCCCTAGATGCAGAGA
GCGGAGAAGAAACGAGCGGCTGAGAAGAGAAAGCGTGCGGCCTGTG

TelL-21/15
E2A Ar2

SEQ ID
NO: 43

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAATTGCTGCCTAGCTGGGCCATCACACTG
ATCTCCGTGAACGGCATCTTCGTGATCTGCTGCCTGACCTACTGCTTCGCCCCTAGAT
GCAGAGAGCGGAGAAGAAACGAGCGGCTGAGAAGAGAATCTGTGCGGCCTGTTGGC
TCCGGCCAGTGTACAAATTATGCCCTGCTGAAGCTGGCCGGCGACGTGGAATCTAAT
CCTGGACCTATGGACTGGACTTGGATACTCTTTCTGGTCGCTGCCGCCACACGGGTGC
ACTCTAATTGGGTCAACGTGATCAGCGACCTGAAGAAGATCGAGGACCTGATCCAGA
GCATGCACATCGACGCCACACTGTACACCGAGTCCGATGTGCACCCTAGCTGCAAAG
TGACCGCCATGAAGTGCTTTCTGCTGGAACTGCAAGTGATCAGCCTGGAAAGCGGCG
ACGCCAGCATCCACGATACCGTGGAAAATCTGATCATCCTGGCCAACAACAGCCTGT
CCAGCAACGGCAATGTGACCGAGAGCGGCTGCAAAGAGTGCGAGGAACTGGAAGAA
AAGAACATCAAAGAGTTTCTGCAGAGCTTCGTCCACATCGTGCAGATGTTCATCAAC
ACCTCATCAGGTGGCGGTGGAAGCGGAGGTGGCGGTAGTGGCGGCGGAGGCTCAGG
CGGCGGAGGTTCCGGCGGAGGATCTCTTCAGCTCCTGCCATCTTGGGCTATCACCCTG
ATTAGTGTGAATGGGATCTTTGTCATCTGTTGTCTCACGTACTGTTTCGCTCCCCGGTG
CAGAGAGAGAAGGCGCAACGAAAGACTGCGGAGAGAAAGCGTCAGACCCGTG

Tell.-21/15
Furin-P2A Ar2

SEQ ID
NO: 44

ATGGATTGGACCTGGATTCTGTTCCTGGTGGCCGCTGCCACAAGAGTGCATAGCCAG
GGCCAAGACCGGCACATGATCCGGATGAGACAGCTGATCGACATCGTGGACCAGCTG
AAGAACTACGTGAACGACCTGGTGCCTGAGTTCCTGCCTGCTCCTGAGGACGTGGAA
ACAAATTGCGAGTGGTCCGCCTTCAGCTGCTTCCAGAAGGCCCAGCTGAAAAGCGCC
AACACCGGCAACAACGAGCGGATCATCAACGTGTCCATCAAGAAGCTGAAGCGGAA
GCCTCCTAGCACCAATGCCGGAAGAAGGCAGAAGCACAGACTGACCTGTCCTAGCTG
CGACAGCTACGAGAAGAAGCCTCCAAAAGAGTTCCTGGAACGGTTCAAGAGCCTGCT
GCAGAAGATGATCCACCAGCACCTGAGCAGCAGAACCCACGGCTCTGAAGATTCTAG
CGGAGGCGGAGGAAGTGGTGGCGGAGGTTCTGGTGGCGGTGGATCAGGCGGTGGCG
GATCTGGCGGCGGAGGCAGTGGCGGAGGTGGAAGCGGTGGTGGTGGCTCTGGCGGA
GGCGGTAGCGGCGGAGGCGGATCTCTTCAATTGCTGCCTAGCTGGGCCATCACACTG
ATCTCCGTGAACGGCATCTTCGTGATCTGCTGCCTGACCTACTGCTTCGCCCCTAGAT
GCAGAGAGCGGAGAAGAAACGAGCGGCTGAGAAGAGAATCTGTGCGGCCTGTTAGA
GCCAAGAGATCTGGAAGCGGCGCCACCAACTTTAGCCTGCTGAAACAGGCTGGCGAC
GTGGAAGAGAACCCTGGACCTATGGACTGGACTTGGATACTCTTTCTGGTCGCTGCCG
CCACACGGGTGCACTCTAATTGGGTCAACGTGATCAGCGACCTGAAGAAGATCGAGG
ACCTGATCCAGAGCATGCACATCGACGCCACACTGTACACCGAGTCCGATGTGCACC
CTAGCTGCAAAGTGACCGCCATGAAGTGCTTTCTGCTGGAACTGCAAGTGATCAGCCT
GGAAAGCGGCGACGCCAGCATCCACGATACCGTGGAAAATCTGATCATCCTGGCCAA
CAACAGCCTGTCCAGCAACGGCAATGTGACCGAGAGCGGCTGCAAAGAGTGCGAGG
AACTGGAAGAAAAGAACATCAAAGAGTTTCTGCAGAGCTTCGTCCACATCGTGCAGA
TGTTCATCAACACCTCATCAGGTGGCGGTGGAAGCGGAGGTGGCGGTAGTGGCGGCG
GAGGCTCAGGCGGCGGAGGTTCCGGCGGAGGATCTCTTCAGCTCCTGCCATCTTGGG
CTATCACCCTGATTAGTGTGAATGGGATCTTTGTCATCTGTTGTCTCACGTACTGTTTC
GCTCCCCGGTGCAGAGAGAGAAGGCGCAACGAAAGACTGCGGAGAGAAAGCGTCAG
ACCCGTG
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Virus preparation and T cell transduction

10119} Human peripheral blood mononuclear cells (PBMCs) were isolated from the bufty
coats. Before transduction, PBMCs were cultured in T cell media plus 50 ng/mL anti-CD3
(OKT3, Miltenyi Biotech, Bergisch Gladbach, Germany) for two days. Lentiviral
supernatants were generated by cotransfection of 293T cells with Tell.-15 vectors and the
packaging plasmids (pREV/RSV, pMD.2, pRRE/LG). Two days after transfection, lentiviral
supernatants were harvested. Transduction was performed by adding 5 ml lentiviral
supernatant to 1 million T cells in the presence of protamine sulfate (10 pg/ml). On the
following day, T cells were harvested and cultured in normal T cell media. Retroviral
supernatants were generated by cotransfection of 293GP cells with tethered cytokine vectors
and RD114 packaging plasmids. Two days after transfection, retroviral supernatants were
harvested. Transduction was performed by adding 5 ml retroviral supernatant to one well of
a six-well plate coated with RETRONECTIN recombinant human fibronectin fragment
(Lonza, Basel, Switzerland) and centrifuged at 2000g for 2 hours at 32°C. The retroviral
supernatant was discarded, and 1 million T cells were added. On the following day, T cells

were harvested and cultured in normal conditions.
T cell proliferation and viability

[0120] T cells transduced with different constructs were plated at the same concentration
on day 0 when exogenous IL-2 was removed from the culture media. Live cell numbers were
assessed by trypan blue assay using a CELLOMETER cell counter machine (Nexcelom,
Lawrence, MA).

Flow cytometry

[0121] To detect TelL-21 in transduced cells, phycoerythrin (PE)-, or allophycocyanin
(APC)-conjugated antibodies against IL-21 (Biolegend (San Diego, CA), or BD Biosciences
(Franklin Lakes, NJ)) were used to label cells. To detect Tell.-15, biotin-conjugated 1L-15
(R&D Systems, Minneapolis, MN) plus streptavidin-ALEXA FLUOR 647 dye or
streptavidin-ALEXA FLUOR 488 dye (Thermo Fischer Scientific, Waltham, MA) were used
to label transduced cells. Data were acquired with a BD FORTESSA or LSRII flow
cytometer (BD Biosciences) and analyzed with FLOWJO software (FlowJo, LLC, Ashland,
OR).
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Treatment of established tumors in NSG mice

[0122] Animal research protocols were approved by the NIH Animal Care and Use
Committee. NOD scid gamma (NSG) mice (The Jackson Laboratory, Bar Harbor, ME) with
established human cervical cancer tumors were treated by tail vein injection of human T

cells. Tumors were initiated by subcutaneous injection of 1 x 10¢ CaSki tumor cells. T cell
infusion was performed on day 12 following tumor cell injection by a single intravenous
injection. Tumor size was determined by caliper measurement of the perpendicular diameters

of each tumor and was reported as tumor area.

EXAMPLE 1

[0123] This example demonstrates that cells transduced with TelL-15 Lr1 exhibit
superior proliferation in the absence of exogenous IL-2 as compared to the other IL-15
constructs of Table 2.

[0124] PBMCs were cultured in AIM V media supplemented with IL-2 (300 IU/mL) and
anti-CD3 antibody (OKT3, 50 ng/mL) for 2 days. Then the cells were transduced with
lentivirus containing the TelL-15 Lr1, Tell-15 Lr2, IL-15 RA, TelL-15 Lr6, or IL-15S
construct of Table 2. The same number of cells that were transduced with each IL-15
construct was plated on day 0 (Fig. 2) when IL-2 was withdrawn from the media on day 7
after transduction. Proliferation of transduced cells was evaluated by assessing the total
number of live cells using a trypan blue assay at each of the different time points shown in
Figure 2. Untransduced cells served as a negative control. Untransduced cells cultured in the
presence of exogenous IL-15 served as a positive control.

[0125] The results are shown in Fig. 2. As shown in Fig. 2, T cells transduced with TelL-
15 Lr1 construct showed better proliferation than the other constructs in the absence of

exogenous 1L-2.

EXAMPLE 2

[0126] This example demonstrates that cells transduced with the Tell.-15 Lrl construct
displayed the highest expression level of IL-15 on the cell surface as compared to cells
transduced with the Tell-15 Lr2, IL-15 RA, or [L-15S construct.

[0127] PBMC were transduced with a lentivirus containing the TelL-15 Lrl, Tell.-15
Lr2, IL-15 RA, or IL-15S construct of Table 2 as described in Example 1. The presence of
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expressed IL-15 on the cell membrane was analyzed by flow cytometry. Cells transduced
with the TellL-15 Lrl construct displayed the highest expression level of IL-15 (62.3%) on
the cell membrane as compared to cells transduced with the TelL-15 Lr2 (53.2%), IL-15 RA
(23.5%), or IL-15S (33.2%) construct.

EXAMPLE 3

[0128] This example demonstrates that 293T cells transduced with the TelL-21 Lr6,
TellL-21 Lrl, or TelL-21 Lr2 construct of Table 4 expressed IL-21 on the cell surface.
[0129] Cells (293T) were transduced with a lentivirus containing the TelL-21 Lr7, Tell-
21 Lr6, TelL-21 Lrl, or TelL-21 L2 construct of Table 4. Unstained cells and stained but
untransduced cells served as negative controls.

[0130] Tell.-21 expression was analyzed by flow cytometry. The results are shown in
Table 7. As shown in Table 7, more than 30% of the 293T cells transduced with TelL.-21
L6, Tell.-21 Lrl, or TelL-21 L2 expressed IL-21.

TABLE 7

Quadrant (Q1) Q2 Q3 Q4

FITC-A'IL-21" FITC-A*IL-21* FITC-AIL-21" FITC-A'IL-21-
Unstained 0.000 0.026 0.100 99.900
Untransduced 0.014 0.000 0.250 99.700
Tell-21 Lr1 0.000 0.086 37.300 62.700
TellL-21 Lr2 0.000 0.028 36.500 63.400
TelL-21 Lr6 0.000 0.041 30.100 69.900
Tell-21 Lr7 0.000 0.110 9.710 90.200

EXAMPLE 4
[0131] This example demonstrates that human T cells transduced with a lentivirus

containing the Tell.-21 Lr6 construct of Table 4 showed the highest expression level of IL-21
as compared to cells transduced with the TelL-21 Lrl or TelL-21 Lr2 construct.

[0132] Human T cells were transduced with a lentivirus containing the TelL-21 Lr6,
TellL-21 Lrl, or TelL-21 Lr2 construct of Table 4. Unstained cells and stained but

untransduced cells served as negative controls.
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[0133] TellL-21 expression was analyzed by flow cytometry. The results are shown in
Table 8. As shown in Table 8, cells transduced with TelLL-21 Lr6 showed the highest

expression level of 1L-21.

TABLE 8§

Q1 Q2 Q3 Q4

PE-A*IL-21" PE-A*IL-21* PE-A-IL-21* PE-A1IL-21-
Unstained 0.00 0.00 0.15 99.90
Untransduced 0.00 0.00 0.44 99.60
TellL-21 Lr1 0.00 0.00 25.40 74.60
Tell.-21 Lr2 0.00 0.00 16.90 83.10
Tell-21 L6 0.00 0.00 53.30 46.70

EXAMPLE 5

[0134] This example demonstrates that human T cells transduced with a retrovirus
containing the TelL-21 Lr8Arl construct of Table 4 showed the highest expression level of
IL-21 as compared to the TelL-21 Lr6 or TelL.-21 Lr9 construct.

[0135] Human T cells were transduced with a retrovirus containing the Tell.-21 Lr6,
TelL-21 Lr8Arl, or TelL-21 L9 construct of Table 4. Stained but untransduced cells served
as a negative control.

10136} TelL-21 expression was analyzed by flow cytometry. The results are shown in
Table 9. As shown in Table 9, cells transduced with TelL.-21 Lr8Arl showed the highest

expression level of IL-21.

TABLE 9
Q1 Q2 Q3 Q4
FITC-AIL-21" FITC-A*IL-21* FITC-AIL-21* FITC-AlL-21
Untransduced 0.000 0.000 1.190 98.800
Tell-21 Lr6 0.000 0.056 64.100 35.800
TellL-21 Lr8Ar 0.000 0.180 69.400 30.400
Tell-21 Lr9 0.000 0.350 66.400 33.300
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EXAMPLE 6
[0137] This example demonstrates that human T cells transduced with a retrovirus

containing the TellL-21 Lr8 Ar2 construct of Table 4 showed the highest expression level of
I1.-21 as compared to the TelL-21 Lr8Ar1 construct.

[0138] Human T cells were transduced with a retrovirus containing the TelL.-21 Lr8Arl
or Tell.-21 Lr8Ar2 construct of Table 4.
[0139] TelL-21 expression was analyzed by flow cytometry. The percentage of cells

with the indicated phenotype are shown in Table 10. Although the percentage of cells
expressing IL-21 in Table 10 was slightly higher for TelL.-21 Lr8Ar1 as compared to TelL-21
Lr8Ar2, the MFI (mean fluorescence intensity) of TelL-21 Lr8Ar2 was observed to be higher
than that of TeIl-21 Lr8 Arl, which indicates that the protein expression level of IL-21 was
higher with TeIL-21 Lr8 Ar2. Accordingly, it was concluded that cells transduced with TelL-
21 Lr8Ar2 showed higher expression of IL-21 as compared to TelL-21 Lr8Arl.

TABLE 10
Q1 Q2 Q3 Q4
FITC-A’IL-21 FITC-A*IL-21* FITC-ATIL-21* FITC-A1L-21-
TellL-21 Lr8Ar1 0.019 0.390 90.200 9.360
TellL-21 Lr8Ar2 0.000 0.520 89.100 10.300
EXAMPLE 7

[0140]
containing the TelL-21/15 E2A Arl showed higher expression of TelL-21/15 as compared to
Tell-21/15 P2A, TelL-21/15 T2A, or TelL.-21/15 FurinA-P2A.

[0141]
Arl, TelL-21/15 P2A, TelL-21/15 T2A, or TelL-21/15 FurinA-P2A construct of Table 6.

This example demonstrates that human T cells transduced with a retrovirus

Human T cells were transduced with a retrovirus containing the TelL-21/15 E2A

Untransduced cells served as a negative control. Human T cells transduced with a retrovirus
containing the Tell.-15 Lr1 Ar2 construct (Table 5) alone or the TelL-21 Lr8Ar] construct
(Table 5) alone served as controls. As another control, human T cells were co-transduced
with separate TelL-15 Lr1Ar2 (Table 5) and TelL-21 Lr8Arl constructs.

[0142]
Table 11. As shown in Table 11, cells transduced with TelL-21/15 T2A showed lower

TelL-21 expression was analyzed by flow cytometry. The results are shown in
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expression of Tell.-21/15 as compared to Tell.-21/15 P2A, Tell.-21/15 E2A Arl, or TelL.-

21/15 FurinA-P2A.

[0143]

TABLE 11

(&) Q2 Q3 Q4

IL-21*IL-15 IL-21*IL-15* IL-211L-15* IL-2171L-15
Untransduced 0.097 0.650 0.840 98.400
TelL-15 Lr1Ar2 0.510 7.050 73.100 19.400
alone
TellL-21 Lr8 Ar1 82.700 5210 0.230 11.900
alone
co-transduced 8.290 73.800 2.600 15.300
with Tell-15
Lr1Ar2 and TelL-
21 Lr8 Ar1
Tell-21/15 E2A 3.820 74.100 1.840 20.300
Arl
Tell-21/15 P2A 2.850 73.300 3.740 20.100
Tell-21/15 T2A 0.970 33.900 34.500 30.700
TellL-21/15 2.660 76.200 3.030 18.100
FurinA-P2A

EXAMPLE 8

This example demonstrates that administering T cells co-transduced with the E7

TCR and TelL-21/15 to tumor-bearing mice results in the complete regression of tumor.

[0144]

NSG mice were subcutaneously inoculated with 1x10° CaSki cervical tumor cells.

CaSki tumor cells are HPV 16 E7 positive and MART-1 negative. Two weeks later, the mice

with established tumors were treated with a single intravenous injection of 10 million

untransduced or transduced T cells in a volume of 0.5 ml in Hank’s balanced salt solution

(HBSS). T cells were transduced with an anti-MART-1 TCR (DMFS5) alone or the anti-HPV

16 E7 TCR (E7) alone or were co-transduced with one of (1)-(vi) as follows:
(i) DMFS5 TCR and Tell-15 Lr1 Ar2,
(i1)) DMF5 TCR and Tell.-21 Lr8Arl,
(iii))  DMF5 TCR and Tell.-21/15 E2A Arl,
(iv)  E7 TCR and Tell.-15 Lr1Ar2,
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(v) E7TCR and TelL-21 Lr8Arl, or

(vi)  E7 TCR and TelL-21/15 E2A Arl.
[0145] Tumor size was measured using digital caliper every 3-4 days. The results are
shown in Figure 3. The tumor growth curve of each of the individual mice assessed in Figure
3 is shown in Figures 4A-41.
[0146] The complete regression of tumor was observed in four of five mice receiving T
cells co-transduced with E7 TCR and TellL-21/15 (Fig. 4E) and in two of five mice receiving
T cells co-transduced with E7 TCR and TelL-21 (Fig. 4D). The mice receiving T cells
transduced with E7 TCR (Fig. 4B) or T cells co-transduced with E7 TCR and TelL-15 (Fig.
4C) only showed delayed tumor progression. Mice receiving T cells transduced with
irrelevant TCR (DMF5 TCR) (Fig. 4F), DMF5 TCR and TelL-15 (Fig. 4G), DMF5 TCR and
TellL-21 (Fig. 4H), or DMF5 TCR and TellL.-21/15 (Fig. 4]) demonstrated similar tumor

growth curve as control mice receiving no treatment (Fig. 4A).

EXAMPLE 9

[0147] This example demonstrates the growth curve of T cells transduced with TelL-
21/15 FurinA-P2A Ar2 in vitro.

[0148] T cells from 20 healthy donors were transduced with Tell.-21/15 FurinA-P2A Ar2
or secreted IL-21/15 (sIL-21/15), which served as a control. The exogenous T cell growth
factor, I1.-2, was withdrawn from the culture media on day 7 after transduction. Viable cells
were counted at various time points after [L-2 withdrawal to evaluate the survival of the
transduced T cells.

[0149] The growth curves of the transduced T cells from each healthy donor are shown in
Figures SA-5T. As shown in Figures 5A-5T, TelL-21/15 FurinA-P2A Ar2-transduced T cells
from 18 out of 20 healthy donors died six weeks after IL-2 was withdrawn, suggesting that
constitutive IL-15 and IL-21 signaling does not transform the target T cells into an immortal

cell line.

EXAMPLE 10

[0150] This example demonstrates that T cells transduced with Tell.-21/15 FurinA-P2A
Ar2 shed less [L-15 and 1L.-21 in vitro as compared to T cells transduced with secreted I1-
21/15.

[0151] T cells from a healthy donor were transduced with one of (1)-(v), as follows:
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(1) E7 TCR and TelL-15 Lrl1Ar2,

(11.) E7 TCR and TelL-21 Lr8Ar2,

(11i.)  E7 TCR and TelL-21/15 FurinA-P2A Ar2,

(iv.)  E7 TCR and secreted IL-21/15 (sIL-21/15) (served as positive control for

assay development), or

(v.)  E7 TCR alone (control).
[0152] Untransduced T cells from the healthy donor also served as a control. The
transduced cells were cultured for seven days. T cells were harvested and seeded in fresh
media with equal numbers or co-cultured with tumor cells at a one-to-one ratio. The culture
supernatants were collected and probed for IL-15 and 1L-21 using the U-PLEX assay
platform (Meso Scale Diagnostics, Rockville, MD). The results are shown in Figures 6A-6B.
[0153] Figures 6A-6B show the levels of IL-15 (Fig. 6A) and IL-21 (Fig. 6B) measured
i the supernatants of the transduced cells. IL-15 levels were barely detectable in the
supernatants from T cells transduced with TelL.-15 Lr1 Ar2 (14.54 pg/ml) and TelL-21/15
FurinA-P2A Ar2 (2.18 pg/ml) (Fig. 6A), while IL-21 levels were clearly detectable in the
supernatants from T cells transduced with TelL-21 Lr8Ar2 (2211.25 pg/ml) and TelL.-21/15
FurinA-P2A Ar2 (1234.02 pg/ml) (Figure 6B). IL-15 levels and IL-21 levels were much
lower in the supernatants from T cells transduced with tethered cytokines (TelL-15 Lr1Ar2,
TelL-21 Lr8Ar2, and TelL-21/15 FurinA-P2A Ar2) as compared to that of T cells transduced
with secreted IL-21/15 (IL-15: 988.37 pg/ml; IL-21: >13100.00 pg/ml) (Figs. 6A-6B).
[0154] Figures 6C-6D show the levels of IL-15 (Fig. 6C) and I1L-21 (Fig. 6D) measured
in the supernatants of the co-culture of the transduced T cells with target tumor cell lines. As
shown in Figs. 6C-6D, a small amount of IL-15 (TelL-15 Lr1 Ar2: 6.88-26.09 pg/ml; TelL-
21/15 FurinA-P2A Ar2: 0.71-12.87 pg/ml) and some IL-21 (Tell.-21 Lr8Ar2: 152.41-
1408.79 pg/ml; Tell-21/15 FurinA-P2A Ar2: 146.23-1135.04 pg/ml) can be detected in the

supernatants of the co-culture of the transduced T cells with target tumor cell lines.

EXAMPLE 11

[0155] This example demonstrates that T cells transduced with Tell.-21/15 FurinA-P2A
Ar2 shed less IL-15 and IL-21 in vivo as compared to T cells transduced with secreted IL-
21/15.

[0156] Healthy NSG mice were infused with untransduced human T cells, HBSS

(without cells), or human T cells transduced with one of (i)-(iii), as follows:
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(1)  E7 TCR and TelL-21/15 FurinA-P2A Ar2,
(ii.)  E7 TCR and secreted IL-21/15 (sIL-21/15) (positive control), or
(iii.)  E7 TCR alone {control).
[0157] The sera were collected at the time points shown in Figures 7A-7B and assayed
for IL-15 and IL-21 using the U-PLEX assay platform. The results are shown in Figures 7A-
7B. At each time point, two mouse serum samples were assayed. The concentration of IL-15
was below the limit of detection in the sera of healthy NSG mice infused with TelL-21/15
FurinA-P2A Ar2 T cells (Fig. 7A), while 1L-21 was detected at a low concentration in the
same sera (Fig. 7B).
[0158] In another experiment, NSG mice bearing palpable tumors derived from the CaSki
tumor cell line were infused with untransduced human T cells, HBSS (without cells), or
human T cells transduced with one of (1)-(v), as follows:
(i) E7 TCR and Tell.-15 Lr1Ar2,
(ii.) E7 TCR and TelL.-21 Lr8Ar2,
(ii.)  E7 TCR and TelL-21/15 FurinA-P2A Ar2,
(iv.)  E7 TCR and secreted IL-21/15 (sIL-21/15) (positive control), or
(v.)  E7 TCR alone (control).
[0159] The sera were collected at the time points shown in Figures 7C-7D and assayed
for IL-15 and IL-21 using the U-PLEX assay platform. The results are shown in Figures 7C-
7D. At each time point, one mouse serum sample was assayed. In the sera of tumor-bearing
mice receiving transduced T cells, a trace amount of IL-15 was detected at early time points
(Day 8 and 9 after T cell infusion) in mice recetving T cells transduced with E7 TCR and
TellL-21/15 FurinA-P2A Ar2, and a small amount of IL-15 was detected in mice receiving T
cells transduced with E7 TCR and TelL-15 Lr1Ar2 (Fig. 7C). A small amount of IL-21 was
detected in the sera of mice infused with Tell.-21/15 FurinA-P2A Ar2 T cells (Fig. 7D).

EXAMPLE 12

[0160] This example demonstrates the serum inflammatory cytokine profile in tumor-
bearing mice after infusion of cells transduced with TelL-21/15 FurinA-P2A Ar2.

[0161] NSG mice with palpable tumors derived from the CaSki tumor cell line were
infused with untransduced human T cells, HBSS (without cells), or human T cells transduced
with one of (1)-(v), as follows:

(i.y E7 TCR and TelL-15 Lr1Ar2,



WO 2019/157130 PCT/US2019/016975

43

(11.)  E7 TCR and TelL-21 Lr8Ar2,

(11.)  E7 TCR and TelL-21/15 FurinA-P2A Ar2,

(iv.)  E7 TCR and secreted 11.-21/15 (sIL-21/15) (positive control), or

(v.) E7 TCR alone (control).
[0162] The sera were collected at four-time points (Day 8, 9, 15, and 29 after T cell
infusion) and assayed for inflammatory cytokine profile using the U-PLEX assay platform.
[0163] The results are shown in Figures 8 A-8G. Elevated levels of cytokines, including
IFN-y, TNF-a, GM-CSF, IL-2, MIP-1a and IL-2Ra, were observed in the sera of tumor-
bearing mice receiving T cells transduced with E7 TCR and TelL-12/15 FurinA-P2A Ar2 at
all-time points when compared to the control groups of mice which received untransduced T
cells or T cells transduced with E7 TCR, respectively (Figs. 8A-8F). 1L-6 has been reported
to be a leading factor for cytokine storm in CAR T cell therapy. Here, the results showed that
the IL-6 level was below the low detection limit in the sera of mice infused with T cells
transduced with E7 TCR and TelL-21/15 FurinA-P2A Ar2 (Fig. 8G). A slight increase of IL-
6 was detected in the sera of mice receiving T cells transduced with E7 TCR and TelL-15

Lrl1Ar2 at day 15 and 29 after T cell infusion (Fig. 8G).

EXAMPLE 13

[0164] This example demonstrates that tumor-bearing mice treated with T cells co-
transduced with E7 TCR and Tell.-21/15 FurinA-P2A Ar2 undergo tumor regression.
[0165] NSG mice were subcutaneously inoculated with 2.5x10° CaSki tumor cells. One
week later, the mice with established tumors were treated with a single intravenous injection
of 5 million T cells in 0.5 ml of HBSS. The injected T cells were transduced with one of (1)-
(iv), as follows:
(i)  E7 TCR and NFAT.IL12 (IL-12 under the control of a nuclear factor of
activated T-cells (NFAT)-responsive promoter),

(11.)  E7 TCR and TelL-21/15 FurinA-P2A Ar2 and NFAT.IL12,

(ii1.)  E7 TCR and TelL-21/15 FurinA-P2A Ar2, or

(iv.)  E7 TCR alone (control).
[0166] Untreated mice served as a control. Tumor size was measured using a digital
caliper every 3-4 days. The results are shown in Figure 9. The mice receiving T cells
transduced with the E7 TCR alone demonstrated a similar tumor growth curve as that of

control mice receiving no treatment. The mice receiving T cells co-transduced with E7 TCR
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and NFAT. IL12 only showed delayed tumor progression. Both the mice receiving T cells
co-transduced with E7 TCR and TelL-21/15 FurinA-P2A Ar2 and the mice receiving T cells
cotransduced with E7 TCR and TellL.-21/15 FurinA-P2A Ar2 and NFAT.IL12 demonstrated
substantial tumor regression at day 51 after T cell infusion. At day 63 after T cell infusion,
three mice receiving T cells co-transduced with E7 TCR and TelL.-21/15 FurinA-P2A Ar2
displayed complete tumor regression, while four mice receiving T cells co-transduced with

E7 TCR and TelL-21/15 FurinA-P2A Ar2 and NFAT.IL12 presented small-sized tumors.

[0167] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by reference and were set forth in
its entirety herein.

[0168] The use of the terms “a” and “an’ and “the™ and “at least one” and similar
referents in the context of describing the invention (especially in the context of the following
claims) are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. The use of the term “at least one”
followed by a list of one or more items (for example, “at least one of A and B”) is to be
construed to mean one item selected from the listed items (A or B) or any combination of two
or more of the listed items (A and B), unless otherwise indicated herein or clearly
contradicted by context. The terms “comprising,” “having,” “including,” and “containing”
are to be construed as open-ended terms (i.e., meaning “including, but not limited to,”) unless
otherwise noted. Recitation of ranges of values herein are merely intended to serve as a
shorthand method of referring individually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0169] Preferred embodiments of this invention are described herein, including the best

mode known to the inventors for carrying out the invention. Variations of those preferred
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embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIM(S):

1. A nucleic acid comprising a nucleotide sequence encoding an amino acid

sequence of Formula I:
SINI-LI-Cly-12-82-N2-1L3-C?,
(Formula I),

wherein:

each of S! and $? is, independently, a signal sequence;

one of N!' and N? is an interleukin (IL)-21 amino acid sequence and one of N' and N2
is an [L-15 amino acid sequence;

each of L! and L is, independently, a linker sequence;

L? is a cleavable linker sequence;

each of C' and C? is, independently, a transmembrane-intracellular amino acid
sequence or a transmembrane amino acid sequence; and

each of a and b is, independently, 0 or 1.

2. The nucleic acid of claim 1, wherein each of L! and L’ is, independently, 10 to

65 amino acid residues.

3. The nucleic acid of claim 1 or 2, wherein L2 is 20 to 30 amino acid residues.
4. The nucleic acid of any one of claims 1-3, wherein each of L! and L is,
independently,

(i) a polypeptide of Formula III: X'nX%,X3,X4; (Formula I11), wherein:
each of m, p, and q is, independently, O or 1;
n is an integer from 20 to 65;
X2 is a plurality of amino acid residues, each of which is independently
selected from glycine and serine; and
each of X!, X3, and X* is, independently, any one naturally occurring amino
acid residue;
(ii) a polypeptide of Formula IV: X°.X%X’; (Formula IV), wherein:
sis 1;

each of r and t is, independently, an integer from 20 to 25;
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each of X° and X is, independently, a plurality of amino acid residues, each of
which is, independently, selected from alanine, lysine, and glutamic acid; and
X9 is any one naturally occurring amino acid residue; or
(ii1) 10 to 30 amino acid residues selected, independently, from glycine, serine,

threonine, lysine, glutamic acid, and proline.

5. The nucleic acid of any one of claims 1-4, wherein L? is a (i) porcine
teschovirus-1 2A (P2A) amino acid sequence, (ii) equine rhinitis A virus (E2A) amino acid
sequence, (ii1) thosea asigna virus 2A (T2A) amino acid sequence, (iv) foot-and-mouth

disease virus (F2A) amino acid sequence, or (v) furin-cleavable-P2A amino acid sequence.

6. The nucleic acid of any one of claims 1-5, wherein each of C' and C? s,
independently, a B7-1 transmembrane-intracellular amino acid sequence, a B7-2
transmembrane-intracellular amino acid sequence, a CD8a transmembrane-intracellular
amino acid sequence, a B7-1 transmembrane amino acid sequence, a B7-2 transmembrane

amino acid sequence, or a CD8a transmembrane amino acid sequence.

7. The nucleic acid of any one of claims 1-6, wherein each of C! and C? is,
independently, IYIWAPLAGTCGVLLLSLVIT (SEQ ID NO: 4) or
LLPSWAITLISVNGIFVICCLTYCFAPRCRERRRNERLRRESVRPV (SEQ ID NO: 5).

8. The nucleic acid of any one of claims 1-7, wherein N! is an IL-21 amino acid

sequence and N? is an IL-15 amino acid sequence.

9. The nucleic acid of any one of claims 1-8, comprising a nucleotide sequence

encoding an amino acid sequence at least 85% identical to any one of SEQ ID NOs: 32-37.

10. One or more polypeptides encoded by the nucleic acid of any one of claims 1-

11. The one or more polypeptides of claim 10, wherein:

when a is 0, L! further comprises a non-peptide cell membrane anchor moiety, and

when b is 0, L? further comprises a non-peptide cell membrane anchor moiety.
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12. The one or more polypeptides of claim 11, wherein the non-peptide cell

membrane anchor moiety is a glycophosphatidylinositol (GPI) anchor.

13. A recombinant expression vector comprising the nucleic acid of any one of
claims 1-9.

14. A host cell comprising the recombinant expression vector of claim 13.

15. A host cell expressing the nucleic acid of any one of claims 1-9 or the one or

more polypeptides of any one of claims 10-12.

16. The host cell of claim 14 or 15, wherein the host cell comprises an antigen-

specific receptor.

17. The host cell of claim 16, wherein the antigen-specific receptor is a chimeric
antigen receptor (CAR).
18. The host cell of claim 16, wherein the antigen-specific receptor is an

endogenous T cell receptor (TCR).

19. The host cell of claim 16, wherein the antigen-specific receptor is an

exogenous TCR.

20.  The host cell of any one of claims 14-19, wherein the antigen-specific receptor

has antigenic specificity for a cancer antigen.

21. A population of cells comprising the host cell of any one of claims 14-20.

22. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and the nucleic acid of any one of claims 1-9, the one or more polypeptide of any one
of claims 10-12, the recombinant expression vector of claim 13, the host cell of any one of

claims 14-20, or the population of cells of claim 21.
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23. The nucleic acid of any one of claims 1-9, the one or more polypeptide of any
one of claims 10-12, the recombinant expression vector of claim 13, the host cell of any one
of claims 14-20, the population of cells of claim 21, or the pharmaceutical composition of

claim 22, for use in the treatment or prevention of cancer in a mammal.

24.  The nucleic acid of any one of claims 1-9, the one or more polypeptide of any
one of claims 10-12, the recombinant expression vector of claim 13, the host cell of any one
of claims 14-20, the population of cells of claim 21, or the pharmaceutical composition of

claim 22, for use in the enhancement of an immune response of a mammal to a vaccine.
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