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(S ABSTRACT

The present invention provides novel fusion proteins com-
prising two cytokines: interleukin-6 (IL-6) and interleukin-1
beta (IL-1p). Methods of using the fusion proteins to acti-
vate target cells or treat a disease are also provided.

Specification includes a Sequence Listing.
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Mouse 1L6/1
lentiviral vector

Figure 1



Figure 2

DNA sequence of the mouse IL-6/1 fusokine {SEQID NO: 7)

ATGAAGTTCCTCTCTGCAAGAGACTTCCATCCAGTTGCCTTCTTGGGACTGATGCTGGTGACAACCACGGCCTTCCCTACTTCACAAG
TCCGGAGAGGAGACTTCACAGAGGATACCACTCCCAACAGACCTGTCTATACCACTTCACAAGTCGGAGGCTTAATTACACATGTTC
TCTGGGAAATCGTGGAAATGAGAAAAGAGTTGTGCAATGGCAATTCTGATTGTATGAACAACGATGATGCACTTGCAGAAAACAAT
CTGAAACTTCCAGAGATACAAAGAAATGATGGATGCTACCAAACTGGATATAATCAGGAAATTTGCCTATTGAAAATTTCCTCTGGTC
TTCTGGAGTACCATAGCTACCTGGAGTACATGAAGAACAACTTAAAAGATAACAAGAAAGACAAAGCCAGAGTCCTTCAGAGAGAT
ACAGAAACTCTAATTCATATCTTCAACCAAGAGGTAAAAGATTTACATAAAATAGTCCTTCCTACCCCAATTTCCAATGCTCTCCTAAC
AGATAAGCTGGAGTCACAGAAGGAGTGGCTAAGGACCAAGACCATCCAATTCATCTTGAAATCACTTGAAGAATTTCTAAAAGTCA
CTTTGAGATCTACTCGGCAAACCTCTGGTGGCGGAGGCTCGGGLGGAGGTGGGTCGGGTGGCGGCGGATCAGTTCCCATTAGACA
ACTGCACTACAGGCTCCGAGATGAACAACAAAAAAGCCTCGTGCTGTCGGACCCATATGAGCTGAAAGCTCTCCACCTCAATGGACA
GAATATCAACCAACAAGTGATATTCTCCATGAGCTTTGTACAAGGAGAACCAAGCAACGACAAAATACCTGTGGCCTTGGGCCTCAAA
GGAAAGAATCTATACCTGTCCTGTGTAATGAAAGACGGCACACCCACCCTGCAGCTGCAGAGTGTGGATCCCAAGCAATACCCAAAG
AAGAAGATGGAAAAACGGTTTGTCTTCAACAAGATAGAAGTCAAGAGCAAAGTGGAGTTTGAGTCTGCAGAGTTCCCCAACTGGTA
CATCAGCACCTCACAAGCAGAGCACAAGCCTGTCTTCCTGGGAAACAACAGTGGTCAGGACATAATTGACTTCACCATGGAATCCGT
GTCTTCCTAA

Amino acid sequence of the mouse 1L-6/1 fusokine (SEQ ID NO: 8)

MKFLSARDFHPVAFLGLMLVTTTAFPTSQVRRGDFTEDTTPNRPVYTTSQVGGLITHVLIWEIVEMRKELCNGNSDCMNNDDALAEN
NLKLPEIQRNDGCYQTGYNQEICLLKISSGLLEYHSYLEYMKNNLKDNKKDKARVLQRDTETLIHIFNQEVKDLHKIVLPTPISNALLTDK
LESQKEWLRTKTIQFILKSLEEFLKVTLRSTRQTSGGGGSGGGGSGGGGSVPIRQLHYRLRDEQQKSLVLSDPYELKALHLNGQONINQQVI
FSMSFVQGEPSNDKIPVALGLKGKNLYLSCVMKDGTPTLOLESVDPKQYPKKKMEKRFVENKIEVKSKVEFESAEFPNWYISTSOAEHKPY
FLGNNSGQDHDFTMESVSS
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SYNTHETIC IL6-IL1BETA FUSION
CYTOKINE FOR PROMOTING T CELL
CYTOTOXIC FUNCTION, T CELL
PROLIFERATION, AND TUMORICIDAL
ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 63/426,962 filed on Nov. 21,2022, and U.S.
Provisional Application No. 63/508,769 filed on Jun. 16,
2023, the contents of both of which are incorporated by
reference in their entireties.

SEQUENCE LISTING

[0002] This application includes a sequence listing in
XML format titled “96029604447_ST26.xml”, which is
31,337 bytes in size and was created on Nov. 20, 2023. The
sequence listing is electronically submitted with this appli-
cation via Patent Center and is incorporated herein by
reference in its entirety.

BACKGROUND

[0003] Several pro-inflammatory cytokines exhibit potent
tumoricidal activities in vitro. However, cytokine mono-
therapies have shown only modest benefits for the treatment
of cancer. It may be that any single cytokine is unlikely to
provide a sufficient immune stimulus to overcome the
numerous immune evasion mechanisms deployed by
tumors, including the exhaustion of T cells. Thus, cytokine-
based therapies offer untapped potential for use in cancer
treatments.

SUMMARY

[0004] In a first aspect, the present invention provides
fusion proteins comprising from N-terminus to C-terminus:
(a) an interleukin-6 (IL-6) peptide; (b) a linker peptide; and
(c) an interleukin-1 beta (IL-1f) peptide.

[0005] In a second aspect, the present invention provides
polynucleotides encoding a fusion protein described herein.
[0006] In a third aspect, the present invention provides
cells comprising a polynucleotide described herein. Under
suitable conditions, the cells express a fusion protein
described herein.

[0007] In a fourth aspect, the present invention provides
methods of generating a cell that expresses a fusion protein
described herein. The methods comprise introducing a poly-
nucleotide that encodes the fusion protein into the cell.
[0008] In a fifth aspect, the present invention provides
methods of activating a target cell. The methods comprise
contacting the target cell with a fusion protein described
herein.

[0009] In a sixth aspect, the present invention provides
methods of treating a disease in a subject. The methods
comprise administering a fusion protein, polynucleotide, or
cell described herein to the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a vector map of a lentiviral expres-
sion vector encoding the IL.-6/1 fusokine. A detailed descrip-
tion of the vector components is provided in Table 1.

May 23, 2024

[0011] FIG. 2 shows the DNA and amino acid sequences
of the IL-6/1 fusokine tested in the Examples. From N-ter-
minus to C-terminus, this fusion protein comprises: the
full-length mouse IL-6 protein (SEQ ID NO: 2), a 16-amino
acid flexible peptide linker (SEQ ID NO: 6), and a portion
of the mouse IL-1f protein (SEQ ID NO: 4). The IL-6
component is shown in bold font and the IL-1f3 component
is shown in underlined font.

[0012] FIG. 3 shows the predicted ribbon structure of the
IL-6/1 fusokine. This structure was obtained using Rosetta
Ab Initio structure prediction software.

[0013] FIG. 4 shows detection of I1L.-6/1 and IL-1/6 fuso-
kine via western blot. HEK cells were stably transduced with
constructs encoding IL-6/1 or IL-1/6. Media was collected
from the cell culture after 24 or 48 hours of culturing, and
the cells were lysed after 48 hours. The media and lysates
were resolved on a 10% reducing-denaturing SDS-PAGE
gel. Protein was transferred to a nitrocellulose membrane
and probed with antibodies against IL-1p (left) and IL-6
(right).

[0014] FIG. 5 demonstrates that the IL-6/1 fusokine
enhances Dynabead-mediated activation of human periph-
eral blood T cells. Human peripheral blood mononuclear
cells (PBMC) were collected from a healthy donor and
CD3* T cells were purified. The cells were labeled with
CellTrace™ Far Red (CTFR) dye to track proliferation. The
cells were then treated with CD3-CD28 Dynabeads® (mag-
netic beads) alone or in combination with IL-2 cytokine for
about 96 hours (i.e., to induce proliferation) in the presence
of IL-6, IL-1f, a combination of IL-6 and IL-1f, or the
IL-6/1 fusokine. Cell proliferation was assessed using flow
cytometry. Boxes highlight cells with the highest fluores-
cence, which were deemed to be non-proliferating cells.
Treatment with the IL-6/1 fusokine massively reduced this
peak.

[0015] FIGS. 6 A-6E demonstrates that the IL-6/1 fusokine
differentially affects the proliferation of human CD4* and
CD8* T cells. Human PBMCs were collected from three
healthy donors and CD3* T cells were purified. The cells
were labeled with CTFR dye to track proliferation. The cells
were then activated via treatment with an anti-CD3/anti-
CD28 antibody cocktail alone or in combination with 1L-2
cytokine (i.e., to induce proliferation) for about 96 hours in
the presence of IL-6, IL-1f, a combination of IL-6 and
IL-18, or the IL-6/1 fusokine. Cells were stained with
anti-CD4 and anti-CDS antibodies and cell proliferation was
assessed using flow cytometry. Cell division (i.e., generation
number) was assessed using the FCS Express Flow Cytom-
etry Software. (A) CD4" cell proliferation profile. (B) Quan-
tification of CD4* cells in different generations. (C) Percent
of CD4* cells that remain undivided in each treatment
group. (D) CD8* cell proliferation profile. (E) Quantification
of CD8™ cells in different generations.

[0016] FIGS.7A-7B demonstrates that the IL-6/1 fusokine
protects T cells from activation-induced apoptosis. Human
PBMCs were collected from three healthy donors and CD3*
T cells were purified. Cells were activated via treatment with
IL-6, IL-1pB, a combination of IL-6 and IL-1f3, or the IL-6/1
fusokine. After 96 hours of culturing, cells were stained with
annexin and DAPI to determine the degree of apoptosis
using flow cytometry. (A) Flow cytometry plots generated
with cells from each of the three donors. The schematic
diagram at the top shows the distribution of healthy, apop-
totic, and necrotic cells in the flow cytometry plots. (B)
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Quantification of results shown in A. Asterisks indicate
statistical significance (p<0.05) based on one-way analysis
of variance (ANOVA) followed by Dunnet’s test.

[0017] FIG. 8 demonstrates that the IL.-6/1 fusokine selec-
tively activates the STAT3-Akt signaling pathway in acti-
vated human PBMC T cells. Human PBMCs were collected
from a healthy donor and CD3* T cells were purified. Cells
were induced to proliferate using anti-CD3 and anti-CD28
antibodies in the presence of IL-6, IL-1f3, a combination of
1L-6 and IL-1p, or the IL.-6/1 fusokine. Conditioned media
obtained from mock vector-transduced HEK cells (ctrl.
media) was used as a control for the effects of proteins
secreted by wild-type HEK cells. After 72 hours of cultur-
ing, cells were collected, lysed, and subjected to western blot
to assess the effects of the treatments on activation of the
JAK-STAT signaling pathway. Left: Western blot probed for
phosphorylated-STAT3 (pSTAT3), total STAT3 (tSTAT3),
phosphorylated-Akt (pAkt), total Akt (tAkt), and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH; loading con-
trol). Right: Western blot probed for phosphorylated-STAT1
(pSTAT1), phosphorylated-STATS (pSTATS), p42/44
MAPK, and C-Jun.

[0018] FIG. 9 demonstrates that the IL-6/1 fusokine
induces murine CD8" tumor infiltrating lymphocyte (TIL)
proliferation. A mouse model of ovarian cancer was gener-
ated by injecting 1D8 carcinoma cells into mice. TIL-
containing ascetic fluid was collected from the mice (n=8)
about 60 days after injection. TIL-T cells were purified and
transduced with control lentivirus or lentivirus encoding the
IL-6/1 fusokine. After 96 hours of culturing, cells were
stained for CD4 and CD8 and analyzed by flow cytometry.
While the number of CD4+ cells was about the same after
control and fusokine treatment, the number of CD8+ cells
increased.

[0019] FIG. 10 demonstrates that IL.-6/1-transduced TIL-T
cells have strong in vitro cytotoxic activity against murine
ovarian cancer cells. A mouse model of ovarian cancer was
generated by injecting ID8 carcinoma cells into mice. TIL-
containing ascetic fluid was collected from the mice (n=10)
about 60 days after injection. CD3* TIL-T cells were puri-
fied and transduced with control lentivirus or lentivirus
encoding the IL-6/1 fusokine. Transduced cells were co-
cultured with 1D8 cells in a 1:10 ratio (IDS cells: transduced
cells). After 72 hours of culturing, cells were stained for
CD45 (i.e., to distinguish between 1D8 and T cells) as well
as annexin and 7AAD (i.e., to detect apoptosis). CD45 cells
(i.e., IDS cells) were analyzed by flow cytometry.

[0020] FIG. 11 shows that IL-6/1-transduced TTL-T cells
have tumoricidal activity against murine ovarian cancer ID8
cells in vivo. A mouse model of ovarian cancer was gener-
ated by injecting ID8 carcinoma cells into mice. TIL-
containing ascetic fluid was collected from the mice (n=10)
about 60 days after injection. CD3* TIL-T cells were puri-
fied and transduced with lentivirus encoding the IL-6/1
fusokine. Then, another batch of mice were injected with
1x10° luciferase-expressing 1D8 cells (Luc*-ID8). After 4
days, these mice (n=5/group) were injected with PBS (con-
trol group) or with TTL-T cells transduced with IL-6/1
(IL-6/1 group, 0.25x10° cell/mouse). In vivo imaging was
performed once every week. Left: Representative images
showing luciferase signal in the mice. Right: Quantification
of luciferase signal. Asterisk indicates statistical significance
(p<0.05, Student’s T test).
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DETAILED DESCRIPTION

[0021] The present invention provides a novel fusion
protein comprising two cytokines: interleukin-6 (IL.-6) and
interleukin-1 beta (IL-1f). This fusion protein is referred to
herein as “the 1L-6/1 fusokine” or simply “IL-6/1”. IL-6 and
IL-1P have complementary activities that support activation
and survival of T cells. Within the IL-6/1 fusokine, these
cytokines act synergistically to stimulate the immune system
and may exhibit altered pharmacokinetics, biodistribution,
and pharmacodynamics as compared to the cytokines indi-
vidually.

[0022] In the Examples, the inventors demonstrate that
IL-6/1 promotes T cell proliferation, protects T cells against
apoptosis, and has tumoricidal effects both in vitro and in
vivo. Specifically, they show that, when polynucleotides
encoding I[.-6/1 are transduced into tumor infiltrating lym-
phocytes (TILs) isolated from a mouse model of ovarian
cancer, the TILs kill tumor cells when injected back into the
mice.

[0023] IL-6/1 may be useful for several applications. For
example, because 1L-6/1 supports the growth and activity of
T cells, it may be used to protect T cells grown in culture,
as these cells are fragile ex vivo. Additionally, IL-6/1 may be
expressed in cytotoxic lymphoid cells to make them resistant
to the immunosuppressant tumor microenvironment. 11.-6/1
may also be used as an adjuvant for T cell-based therapies,
such as chimeric antigen receptor (CAR) T cell-based thera-
pies. While CAR T cells produce satisfactory results when
they are used to treat hematologic malignancies, they have
been found to be ineffective against solid tumors. The
problem may be that full activation of T cells requires not
only the T cell receptor and costimulatory signals provided
by the CAR T cells, but also the synergistic action of several
cytokines. Thus, IL-6/1 could potentially be used to improve
the efficacy of CAR T cells by providing dual cytokine
signaling, allowing these cells to overcome the immunosup-
pressive microenvironment of solid tumors. Finally, 11.-6/1
may be useful as a stand-alone therapeutic.

Fusion Proteins:

[0024] In a first aspect, the present invention provides
fusion proteins comprising from N-terminus to C-terminus:
(a) an interleukin-6 (IL-6) peptide; (b) a linker peptide; and
(c) an interleukin-1 beta (IL-1f) peptide.

[0025] As used herein, the term “fusion protein” refers to
a single polypeptide comprising at least two peptide com-
ponents (e.g., an IL-6 component and an IL-1§ component).
Each peptide component may be synthetic or naturally
occurring. Naturally occurring components may comprise a
full-length protein or a fragment thereof and may comprise
mutations or other modifications relative to the wild-type
protein from which they are derived. The fusion proteins of
the present invention are referred to as “fusokines” because
they comprise two peptide components that are derived from
cytokines.

[0026] Interleukin-6 (IL-6) is a pleiotropic proinflamma-
tory cytokine that is secreted by monocytes in response to
infections and tissue injuries. IL-6 affects T cell activation,
amplification, survival, and polarization'->. It promotes the
expression of T cell attractor chemokines, prevents apopto-
sis in T cells via activation of STAT3 signaling, and plays a
critical role in the accumulation of myeloid derived sup-
pressor cells in tumor microenvironments.
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[0027] The IL-6 receptor is a cell surface type I cytokine
receptor complex that consists of the IL-6Ra chain (also
known as CD126) and the signal-transducing component
gp130 (also known as CD130). gp130 is a common signal
transducer for several cytokines that is expressed in most
tissues. In contrast, IL-6Ro. chain expression is restricted to
certain tissues, which include T-cells, monocytes, activated
B-cells, and neutrophils. When IL-6 interacts with its recep-
tor, it causes gp130 and IL-6R proteins to form a complex,
which activates the receptor and initiates a signal transduc-
tion cascade.

[0028] The IL-6 peptide used in the fusion protein of the
present invention need not be the full-length IL.-6 protein.
However, the IL-6 peptide should include, at a minimum, the
IL-6 receptor binding domain, and it should retain the ability
to bind to and activate the IL-6 receptor. The ability of an
IL-6 peptide to bind to the IL-6 receptor may be assessed
using any protein-protein binding assay, including those that
utilize surface plasmon resonance, co-immunoprecipitation,
or fluorescence resonance energy transfer (FRET). Alterna-
tively, the ability of an IL-6 peptide to bind to the IL-6
receptor may be assessed using in silico modeling.

[0029] The IL-6 peptide may be derived from an IL-6
protein from any vertebrate animal. Suitable sources of IL-6
proteins include, but are not limited to, humans, non-human
primates, cows, cats, dogs, pigs, and rodents. The inventors
used the full-length mouse IL-6 protein (SEQ ID NO: 2) in
the fusion protein tested in the Examples. Thus, in some
embodiments, the IL-6 peptide has at least 90%, 92%, 94%,
95%, 96%, 98%, or 99% identity to SEQ ID NO:2. In other
embodiments, the IL.-6 peptide has at least 90%, 92%, 94%,
95%, 96%, 98%, or 99% identity to the human IL.-6 protein
(SEQ ID NO:10).

[0030] Interleukin-1 beta (IL-1B) is a potent pro-inflam-
matory cytokine that is crucial for host-defense responses to
infection and injury. It is produced and secreted by a variety
of cell types, including monocytes and macrophages. IL-1f3
promotes (1) expansion of antigen-primed CD8+ and CD4*
T cells in vivo, (2) CD8* T cell compartmentalization, and
(3) activation of T cells by antigen presenting dendritic
cells™.

[0031] IL-1 induces signaling by binding to the IL-1
receptor. Upon binding, a shared co-receptor, IL-1RACcP, is
recruited by binding to the composite surface of the cytokine
and primary receptor complex, resulting in the creation of a
ternary complex that initiates a signal transduction cascade.
[0032] The IL-1p peptide used in the fusion protein of the
present invention need not be the full-length IL-1p protein.
However, the IL-1f peptide should include, at a minimum,
the IL-1f receptor binding domain, and it should retain the
ability to bind to and activate the IL-1 receptor. The ability
of an IL-1f peptide to bind to the IL-1 receptor may be
assessed using any protein-protein binding assay (including
those described above) or using in silico modeling.

[0033] IL-1p is produced as an inactive 31 kDa precursor,
termed pro-IL-1p. The N-terminal pro-peptide (which is
encoded by nucleotides 1-351 of the IL-1f gene) must be
cleaved off by the pro-inflammatory protease caspase-1
before mature IL-1f3 can be secreted. Thus, in preferred
embodiments, the IL-1p peptide used in the fusion protein
does not include the pro-peptide to facilitate fusokine secre-
tion.

[0034] The IL-1p peptide may be derived from an IL-1p
protein from any vertebrate animal. Suitable sources of

May 23, 2024

IL-18 proteins include, but are not limited to, humans,
non-human primates, cows, cats, dogs, pigs, and rodents.
The inventors used a portion of the mouse IL-1f protein that
does not include the pro-peptide (SEQ ID NO: 4) in the
fusion protein tested in the Examples. Thus, in some
embodiments, the IL-1y peptide has at least 90%, 92%, 94%,
95%, 96%, 98%, or 99% identity to SEQ ID NO:4. In other
embodiments, the IL-6 peptide has at least 90%, 92%, 94%,
95%, 96%, 98%, or 99% identity to a portion of the human
IL-6 protein (e.g., SEQ ID NO: 12, which does not include
the pro-peptide).

[0035] Within the IL-6/1 fusokine, the IL-6 peptide is
linked to the IL-1f peptide via a linker peptide. As used
herein, the term “linker peptide” refers to a peptide that
connects two peptide components within a fusion protein.
The linker peptide comprises 1 or more amino acid residues,
preferably 1, 2,3, 4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or more
amino acid residues. The linker peptide may comprise any
amino acid sequence that does not substantially hinder the
function of the peptide components (i.e., the ability of the
IL-6 and IL-1f peptides to bind to their cognate receptors).
The inventors used the flexible linker peptide of SEQ ID
NO: 6 in the 11.-6/1 fusokine tested in the Examples. Thus,
in some embodiments, the linker peptide is a flexible linker
peptide. In specific embodiments, the linker peptide has at
least 90%, 92%, 94%, 95%, 96%, 98%, or 99% identity to
SEQ ID NO: 6. As used herein, a “flexible linker peptide” is
a linker peptide that has no fixed structure in solution such
that the peptide components that it links move freely relative
to one another. Examples of preferred amino acid residues
for flexible linker peptides include glycine, alanine, serine,
threonine, lysine, arginine, glutamine, and glutamic acid.
However, the inventors also tested the rigid linker peptide of
SEQ ID NO: 17 in the IL-6/1 fusokine, and this linker
appeared to work as well as SEQ ID NO: 6 (data not shown).
Thus, in other embodiments, the linker peptide is a rigid
linker peptide. In specific embodiments, the linker peptide
has at least 90%, 92%, 94%, 95%, 96%, 98%, or 99%
identity to SEQ ID NO: 17. As used herein, a “rigid linker
peptide” is a linker peptide that has a fixed structure in
solution.

[0036] In some embodiments, the fusion protein com-
prises from N-terminus to C-terminus: SEQ ID NO: 2
(mouse 1L-6), SEQ ID NO: 6 (linker), and SEQ ID NO:4
(mouse IL-1f). In other embodiments, the fusion protein
comprises from N-terminus to C-terminus: SEQ ID NO: 10
(human IL-6), SEQ ID NO: 6 (linker), and SEQ ID NO: 12
(human IL-1p). In some embodiments, the fusion protein
comprises SEQ ID NO: 8 (mouse IL-6-linker-mouse IL-1y)
or SEQ ID NO: 14 (human IL-6-linker-human IL-1§).

[0037] In some embodiments, the fusion protein further
comprises a tag. As used herein, a “tag” is a peptide that is
genetically grafted onto a fusion protein to serve a particular
purpose. Suitable tags for use in the fusion proteins of the
present invention include, without limitation, affinity tags
for protein purification (e.g., chitin binding protein (CBP),
maltose binding protein (MBP), Strep, glutathione-S-trans-
ferase (GST), and poly(His) tags), solubilization tags (e.g.,
thioredoxin (TRX), poly(NANP), MBP, GST), epitope tags
for antibody-based detection (e.g., ALFA-tag, V5-tag, Myc-
tag, HA-tag, Spot-tag, T7-tag and NE-tag), and fluorescent
tags (e.g., green fluorescent protein (GFP), red fluorescent
protein (RFP), mKate, TurboRFP) and enzymatic tags (e.g.,
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horseradish peroxidase, alkaline phosphatase, beta-galacto-
sidase, glucose-6-phosphatase, acetylcholinesterase) for
visual detection.

[0038] Optionally, the tag may be separated from the other
components of the fusion protein by a protease cleavage site.
In the Examples, the inventors included a TEV protease
cleavage site followed by a 6xHis tag on the C-terminal end
of their fusion protein, which allowed the 6xHis tag to be
cleaved off using a TEV protease after it was used for protein
purification. Those of skill in the art know how to select an
appropriate protease cleavage site for such purposes.

Polynucleotides:

[0039] In a second aspect, the present invention provides
polynucleotides encoding a fusion protein described herein.
[0040] The terms “polynucleotide,” “oligonucleotide,”
and “nucleic acid” are used interchangeably to refer a
polymer of DNA or RNA. A polynucleotide may be single-
stranded or double-stranded and may represent the sense or
the antisense strand. A polynucleotide may be synthesized or
obtained from a natural source. A polynucleotide may con-
tain natural, non-natural, or altered nucleotides, as well as
natural, non-natural, or altered internucleotide linkages. The
term polynucleotide encompasses constructs, plasmids, vec-
tors, and the like.

[0041] In some embodiments, the polynucleotide encod-
ing the fusion protein is provided as part of a construct in
which it is operably linked to a promoter. As used herein, the
term “construct” refers a to recombinant polynucleotide, i.e.,
a polynucleotide that was formed by combining at least two
polynucleotide components from different sources, natural
or synthetic. For example, a construct may comprise the
coding region of one gene operably linked to a promoter that
is (1) associated with another gene found within the same
genome, (2) from the genome of a different organism, or (3)
synthetic. Constructs can be generated using conventional
DNA recombination methods.

[0042] In some embodiments, the construct is a viral
vector. As used herein, a “viral vector” is a recombinant viral
nucleic acid that has been engineered to encode a heterolo-
gous protein (e.g., a fusion protein described herein). Viral
vectors include cis-acting elements that drive the expression
of the heterologous protein. Suitable viral vectors are known
in the art and include, but are not limited to, adenovirus
vectors, adeno-associated virus vectors, pox virus vectors,
alpha virus vectors, baculoviral vectors, herpes virus vec-
tors, retrovirus vectors (e.g., lentivirus vectors), Modified
Vaccinia virus Ankara vectors, Ross River virus vectors,
Sindbis virus vectors, Semliki Forest virus vectors, and
Venezuelan equine encephalitis virus vectors. In a preferred
embodiment, the viral vector is a lentiviral vector.

[0043] As used herein, the term “promoter” refers to a
DNA sequence that defines where transcription of a poly-
nucleotide begins. RNA polymerase and the necessary tran-
scription factors bind to the promoter to initiate transcrip-
tion. Promoters are typically located directly upstream (i.e.,
at the 5' end) of the transcription start site. However, a
promoter may also be located at the 3' end, within a coding
region, or within an intron of a gene that it regulates.
Promoters may be derived in their entirety from a native or
heterologous gene, may be composed of elements derived
from multiple regulatory sequences found in nature, or may
comprise synthetic DNA. A promoter is “operably linked” to
apolynucleotide if the promoter is positioned such that it can
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affect transcription of the polynucleotide. Suitable promot-
ers for use with the present invention include, but are not
limited to, constitutive, inducible, temporally regulated,
developmentally regulated, chemically regulated, tissue-
preferred, and tissue-specific promoters. In some embodi-
ments, the promoter is an elongation factor la (EF-1a)
promoter, which is known to be one of the strongest pro-
moters for driving expression in mammalian cells. In other
embodiments, the promoter is a hybrid CMV enhancer/
chicken 3-actin (CBA) promoter, which is commonly used
for gene transfer because it provides robust, long-term
expression in all cell types. Those of skill in the art under-
stand how to select an appropriate promoter to drive expres-
sion of the fusion proteins disclosed herein for a particular
application.

[0044] In some embodiments, the polynucleotide com-
prises SEQ ID NO: 1 (i.e., a DNA sequence encoding mouse
the IL-6 peptide of SEQ ID NO: 2), SEQ ID NO: 3 (ie., a
DNA sequence encoding the mouse IL-1p peptide of SEQ
ID NO: 4), and/or SEQ ID NO: 5 (i.e., a DNA sequence
encoding the linker peptide of SEQ ID NO: 6). In other
embodiments, the polynucleotide comprises SEQ ID NO: 9
(i.e., a DNA sequence encoding the human IL-6 peptide of
SEQ ID NO: 10), SEQ ID NO: 11 (i.e., a DNA sequence
encoding the human IL-1f peptide of SEQ ID NO: 12),
and/or SEQ ID NO: 5 (i.e., a DNA sequence encoding the
linker peptide of SEQ ID NO: 6). In some embodiments, the
polynucleotide comprises SEQ ID NO: 7 (i.e, a DNA
sequence encoding the mouse IL-6/1 fusokine of SEQ ID
NO: 8) or SEQ ID NO: 13 (i.e., a DNA sequence encoding
the human I.-6/1 fusokine of SEQ ID NO: 14). In some
embodiments, the polynucleotide is the lentiviral vector of
SEQ ID NO: 15, which comprises the polynucleotide of
SEQ ID NO: 7.

Cells:

[0045] In a third aspect, the present invention provides
cells comprising a polynucleotide described herein. Under
suitable conditions, the cells express a fusion protein
described herein.

[0046] A “cell” is the basic unit from which all living
things are composed. Every cell comprises cytoplasm (i.e.,
gelatinous liquid that fills the inside of the cell) enclosed
within a membrane. In the cells of the present invention, the
polynucleotide may be incorporated into the genome of the
cell or may reside in the cytoplasm.

[0047] Any cell type may be used with the present inven-
tion. In some embodiments, the cell is a host cell used for
fusion protein production. In the Examples, the inventors
produced IL-6/1 using HEK cells. Thus, in some embodi-
ments, the cell is a HEK cell. In other embodiments, the cell
is an immune cell that expresses an I1L-6 receptor and/or an
IL-1 receptor such that the cell can be activated by the fusion
protein after it expresses it. In the Examples, the inventors
generated T cells that express the 1L-6/1 fusion protein.
Thus, in some embodiments, the cells are T cells. In some
embodiments, the cell is a cell from a subject into which the
polynucleotide was introduced ex vivo.

[0048] Any method of protein detection may be used to
test whether a cell expresses a fusion protein disclosed
herein. Suitable methods for detecting proteins include,
without limitation, enzyme-linked immunoassay (ELISA),
dot blotting, western blotting, flow cytometry, mass spec-
trometry, and chromatographic methods.
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Methods of Generating a Cell that Expresses the Fusion
Protein:

[0049] In a fourth aspect, the present invention provides
methods of generating a cell that expresses a fusion protein
described herein. The methods comprise introducing a poly-
nucleotide that encodes the fusion protein into the cell.
[0050] As used herein, “introducing” describes a process
by which an exogenous polynucleotide is introduced into a
recipient cell. Suitable introduction methods include, with-
out limitation, bacteriophage or viral infection, electropora-
tion, heat shock, lipofection, microinjection, and particle
bombardment. In some embodiments, the polynucleotide is
a viral vector, and the polynucleotide is introduced into the
cell via viral infection.

[0051] In some embodiments, the polynucleotide is ulti-
mately inserted into the genome of the cell. In these embodi-
ments, the polynucleotide can be inserted randomly into the
genome or targeted to a specific location (e.g., via homolo-
gous recombination).

Methods of Activating a Target Cell:

[0052] In a fifth aspect, the present invention provides
methods of activating a target cell. The methods comprise
contacting the target cell with a fusion protein described
herein.

[0053] As used herein, the term “activating” refers to a
process by which one or more function of a cell is turned on.
For example, activated T cells undergo clonal expansion
followed by differentiation into effector cells and induction
of cell-mediated cytotoxicity and/or cytokine production
and release. Detection of any of these functions is evidence
that a T cell has been activated.

[0054] Any cell that expresses an IL-6 receptor and/or an
IL-1 receptor may be activated using these methods. Almost
all immune cells express these receptors. Thus, in some
embodiments, the target cell is an immune cell. In the
Examples, the inventors demonstrate the 1L-6/1 fusokine
can be used to activate T cells. Thus, in preferred embodi-
ments, the target cell is a T cell.

[0055] In the Examples, the inventors demonstrate that
1L-6/1 (a) stimulates T cell proliferation (in particular CD8+
T cell proliferation), (b) protects T cells from apoptosis and
(c) increases apoptosis or lymphocyte mediated killing of
cancer cells. Thus, in some embodiments, the method pro-
duces one or more of these outcomes. Cell proliferation may
be assessed using any cell proliferation assay and apoptosis
may be assessed using any apoptosis assay. Examples of cell
proliferation assays include assays in which the number of
cells is directly counted over time as well as assays that
detect an indicator of proliferation, such as ATP concentra-
tion, DNA synthesis, or metabolic activity. Examples of
apoptosis assays include caspase activity assays (e.g., assays
that detect cleavage of caspase-3 or PARP), phosphatidyl-
serine assays (e.g., Annexin V staining), DNA fragmentation
assays (e.g., TUNEL assay), electron microscopy analysis of
ultrastructural features, nuclear staining assays (e.g., DAPI
or Hoechst staining), and mitochondrial membrane potential
assays (e.g., JC-1 staining).
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[0056] In some embodiments, the method is performed in
vitro or ex vivo. For example, in some embodiments, the
target cell is activated in cell culture. In other embodiments,
the method is performed in vivo in a subject. For example,
in some embodiments, the subject has cancer or an infec-
tious disease, and the target cell is activated as a means of
treating the cancer or infectious disease.

Methods of Treating a Disease:

[0057] In a sixth aspect, the present invention provides
methods of treating a disease in a subject. The methods
comprise administering a fusion protein, polynucleotide,
construct, or cell described herein to the subject.

[0058] As used herein, “treating” describes something that
is done to a subject to combat a disease. Treating includes
the administration of a composition described herein to
prevent the onset of symptoms or complications of the
disease, to alleviate the symptoms or complications of the
disease, or to eliminate or reduce the effects of the disease.
For example, treating cancer in a subject includes reducing,
delaying, or preventing cancer growth, reducing tumor vol-
ume, and/or reducing, delaying, or preventing metastasis of
a tumor. Treating cancer in a subject also includes reducing
the number of tumor cells within the subject.

[0059] Any disease in which the activation of immune
cells will aide in treatment can be treated using the methods
of the present invention. Examples of such diseases include
infectious diseases and cancers. “Infectious diseases” are
diseases that are caused by pathogens such as viruses,
bacteria, fungi, and parasites. “Cancers” are diseases that are
characterized by an abnormal mass of tissue and in which
the growth of the mass surpasses and is not coordinated with
the growth of normal tissue. In the case of hematological
cancers, this includes a volume of blood or other bodily fluid
containing cancerous cells. In the Examples, the inventors
demonstrate that IL-6/1 has cytotoxic activity against cancer
cells. Thus, in preferred embodiments, the discase is a
cancetr.

[0060] As used herein, the term “administering” refers to
the introduction of a substance into a subject’s body. Meth-
ods of administration are well known in the art and include,
but are not limited to, oral administration, transdermal
administration, administration by inhalation, nasal adminis-
tration, topical administration, intravaginal administration,
ophthalmic administration, intraaural administration, intrac-
erebral administration, rectal administration, sublingual
administration, buccal administration, and parenteral admin-
istration, including injectable such as intravenous adminis-
tration, intra-arterial administration, intramuscular adminis-
tration, intradermal administration, intrathecal
administration, and subcutaneous administration. Adminis-
tration can be continuous or intermittent.

[0061] Polynucleotide-based therapies require that the
therapeutic polynucleotide is ferried into cells without elic-
iting unwanted immune responses. Thus, in some embodi-
ments, a polynucleotide is administered using a drug deliv-
ery system. Suitable drug delivery systems include, without
limitation, polymer-based, lipid-based, and conjugate-based
delivery systems. For example, in some embodiments, the
polynucleotide is encapsulated in a polymer- or lipid-based
nanoparticle for administration.

[0062] The “subject” to which the methods are applied
may be a mammal or a non-mammalian animal, such as a
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bird. Suitable mammals include, but are not limited to,
humans, cows, horses, sheep, pigs, goats, rabbits, dogs, cats,
bats, mice, and rats. In certain embodiments, the methods
may be performed on lab animals (e.g., mice and rats) for
research purposes. In other embodiments, the methods are
used to treat commercially important farm animals (e.g.,
cows, horses, pigs, rabbits, goats, sheep, and chickens) or
companion animals (e.g., cats and dogs). In a preferred
embodiment, the subject is a human. Ideally, the components
of'the fusion protein are matched to the species of the subject
for greater compatibility and reduced risk of antigenicity.
For example, the fusion protein ideally comprises a human
IL-6 peptide and a human IL-1f peptide if the subject is a
human.

[0063] The present disclosure is not limited to the specific
details of construction, arrangement of components, or
method steps set forth herein. The compositions and meth-
ods disclosed herein are capable of being made, practiced,
used, carried out and/or formed in various ways that will be
apparent to one of skill in the art in light of the disclosure
that follows. The phraseology and terminology used herein
is for the purpose of description only and should not be
regarded as limiting to the scope of the claims. Ordinal
indicators, such as first, second, and third, as used in the
description and the claims to refer to various structures or
method steps, are not meant to be construed to indicate any
specific structures or steps, or any particular order or con-
figuration to such structures or steps. All methods described
herein can be performed in any suitable order unless other-
wise 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 facilitate the disclosure and does not imply any
limitation on the scope of the disclosure unless otherwise
claimed. No language in the specification, and no structures
shown in the drawings, should be construed as indicating
that any non-claimed element is essential to the practice of
the disclosed subject matter. The use herein of the terms
“including,” “comprising,” or “having,” and variations
thereof, is meant to encompass the elements listed thereafter
and equivalents thereof, as well as additional elements.
Embodiments recited as “including,” “comprising,” or “hav-
ing” certain elements are also contemplated as “consisting
essentially of” and “consisting of” those certain elements.
[0064] Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually 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. For example, if a concentration range is
stated as 1% to 50%, it is intended that values such as 2%
to 40%, 10% to 30%, or 1% to 3%, etc., are expressly
enumerated in this specification. These are only examples of
what is specifically intended, and all possible combinations
of numerical values between and including the lowest value
and the highest value enumerated are to be considered to be
expressly stated in this disclosure. Use of the word “about”
to describe a particular recited amount or range of amounts
is meant to indicate that values very near to the recited
amount are included in that amount, such as values that
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could or naturally would be accounted for due to manufac-
turing tolerances, instrument and human error in forming
measurements, and the like. All percentages referring to
amounts are by weight unless indicated otherwise.

[0065] No admission is made that any reference, including
any non-patent or patent document cited in this specifica-
tion, constitutes prior art. In particular, it will be understood
that, unless otherwise stated, reference to any document
herein does not constitute an admission that any of these
documents forms part of the common general knowledge in
the art in the United States or in any other country. Any
discussion of the references states what their authors assert,
and the applicant reserves the right to challenge the accuracy
and pertinence of any of the documents cited herein. All
references cited herein are fully incorporated by reference,
unless explicitly indicated otherwise. The present disclosure
shall control in the event there are any disparities between
any definitions and/or description found in the cited refer-
ences.

[0066] The following examples are meant only to be
illustrative and are not meant as limitations on the scope of
the invention or of the appended claims.

EXAMPLES

[0067] In the following example, the inventors describe
the creation of a novel fusion protein that comprises peptides
derived from two distinct cytokines, interleukin-6 (IL-6) and
interleukin-1 beta (IL-1f). This fusion protein is referred to
herein as the “IL-6/1 fusokine”.

[0068] IL-6 and IL-1p are both pleiotropic cytokines. IL-6
affects T cell activation, amplification, survival, and polar-
ization"?. It promotes the expression of T cell attractor
chemokines, prevents apoptosis in T cells via STAT3 sig-
naling, and plays a critical role in the accumulation of
myeloid derived suppressor cells in tumor microenviron-
ments. IL-1f promotes (1) expansion of antigen-primed
CD8™ and CD4™ T cells in vivo, (2) CD8* T cell compart-
mentalization, and (3) activation of T cells by antigen
presenting dendritic cells*>. Thus, the IL-6/1 fusokine har-
nesses all these immune-stimulatory mechanisms to pro-
mote T cell activation, survival, and tumoricidal activities.

Generation of 1L-6/1

[0069] The IL-6/1 fusokine tested in this example com-
prises from N-terminus to C-terminus: the full-length mouse
IL-6 protein (SEQ ID NO: 2), a 16-amino acid flexible
peptide linker (SEQ ID NO: 6), and a portion of the mouse
IL-1f protein (SEQ ID NO: 4, which does not include the
pro-peptide of IL-18 to facilitate fusokine secretion). In
some instances, a TEV protease cleavage site followed by a
6x-HIS tag were included at the C-terminus of IL-1f to
allow for purification of the fusion protein. The cDNA
sequence encoding IL-6/1 was cloned in frame into the
lentiviral expression vector pLV from which the transgene is
expressed as a single open reading frame regulated by the
full-length EF1A promoter. A vector map is provided in FIG.
1 and a detailed description of the vector components is
provided in Table 1 below. Additionally, the sequence of
IL-6/1 is presented in FIG. 2, and the predicted secondary
structure of IL-6/1 is shown in FIG. 3.
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Lentiviral vector components

Name Position ~ Size (bp) Description Function/Notes

RSV 1-229 229  Rous sarcoma Strong promoter; drives

promoter virus enhancer/ transcription of viral
promoter RNA in packaging cells.

AS' 230-410 181  Truncated HIV-1 Allows for transcription

LTR 5' long terminal of viral RNA and its
repeat packaging into virus.

v 521-565 45  HIV-1 packaging Allows for packaging of
signal viral RNA into virus.

RRE 1075-1308 234 HIV-1 Rev Rev protein binding site
response that allows for Rey-
element dependent nuclear export

of viral RNA during
viral packaging.

cPPT 1803-1920 118 Central Facilitates nuclear
polypurine import of cDNA through
tract a central DNA flap.

EF1A 1959-3137 1179  Human eukaryotic ~ Strong promoter, allows
translation for constitutive
elongation factor expression of transgene
1 al promoter in various cell types,

including primary cells.

Kozak 3162-3167 6  Kozak translation Facilitates translation
initiation initiation of ATG start
sequence codon downstream of the

Kozak sequence.

mIl6[NM__031168.2](ns) 3168-3800 633 Full-length mouse  Stop codon at the C-

IL-6 cDNA terminus was removed to
allow continuous
transcription of the
following fusokine
components.

3xGGGGS 3801-3848 48  Linker comprising ~ Commonly used
3 tandem GGGGS  flexible linker.

(SEQ ID NO: 16)
sequences

mlIl1b[NM__008361.4]*  3849-4307 459  Mouse IL-1f The pro-peptide
cDNA encoding sequence (i.e.,

nucleotides 1-351) was
removed; mature form of
IL-1p.

WPRE 4346-4943 598  Woodchuck Enhances lentivirus
hepatitis virus stability in packaging
posttranscriptional  cells, leading to higher
regulatory element titer of packaged virus;

increases expression of
transgenes.

mPGK 4962-5472 511  Mouse Medium-strength

promoter phosphoglycerate promoter; used to
kinase 1 promoter  express selection marker

in the transduced cells.

Puro 5485-6084 600  Puromycin Makes cells resistant to
resistance gene puromyecin.

AU3/3' 6155-6389 235 Truncated HIV-1 Allows for packaging of

LTR 3' long terminal viral RNA into virus;
repeat self-inactivates the 5'

LTR via a copying
mechanism during viral
genome integration;
contains polyadenylation
signal for transcription
termination.

SV40 6462-6596 135  Simian virus Allows for transcription

early pA 40 early termination and
polyadenylation polyadenylation of
signal mRNA transcribed by

Pol II RNA polymerase.
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Lentiviral vector components

Name Position  Size (bp) Description Function/Notes
Ampicillin 7550-8410 861 Ampicillin Makes cells resistant to
resistance gene ampicillin.
pUC ori 8581-9169 589  pUC origin of Facilitates plasmid
replication replication in E. coli;
regulates high-copy
plasmid number
(500-700).
[0070] To determine the effects of the spatial orientation of [0074]

the individual cytokines (i.e., IL-6 and IL-1f) within the
fusion protein, a second lentiviral vector was generated
wherein the relative positions of the peptides was reversed,
such that the IL-1f peptide was positioned N-terminal to the
IL-6 peptide. This reversed fusion protein is referred to
herein as the IL.-1/6 fusokine. It comprises the same linker
peptide as the 1L.-6/1 fusokine.

[0071] To test for fusokine expression, HEK cells were
transduced with lentiviral vector encoding a fusokine (i.e.,
1L-6/1 or IL-1/6). Media collected from the cell culture after
24 or 48 hours of culturing and lysate collected after 48
hours of culturing were analyzed via western blot using
antibodies against IL-1f and IL-6. While the anti-IL-6
antibody failed to recognize its target antigen within the
IL-1/6 fusokine, the anti-IL-1f antibody could detect its
target antigen within both fusokines (FIG. 4). This indicates
that the epitope structure of IL-6 is retained in IL-6/1 but not
in IL.-1/6. Accordingly, the I1L.-6/1 fusokine was selected for
further study. The results of this western blot further dem-
onstrate that IL-6/1 is readily secreted from HEK cells
transduced with the lentiviral vector.

[0072] To generate fusokine protein for use in further
experiments, HEK cells were transduced with lentiviral
vector encoding the IL-6/1 fusokine or a control protein
(GFP). Positively transduced cells were selected via antibi-
otic selection. High fusokine expressing clones were iden-
tified via clonal selection followed by IL-6 ELISA and were
expanded and cultured for 48 hours in fresh culture media
for protein production. The culture media was collected,
briefly centrifuged to remove cellular debris, and concen-
trated 100-fold using a 30 KDa cutoff column. Fusokine
concentration was then determined by ELISA, and the
concentrate was aliquoted and stored at —80° C. For cell-
based assays, the protein concentrate was initially thawed on
ice and then at room temperature prior to adding to recipient
cells.

Characterization of IL-6/1

[0073] The ability of the IL-6/1 fusokine to activate T cells
was assessed. Human peripheral blood mononuclear cells
(PBMCs) were collected from a healthy donor and CD3* T
cells were purified. The cells were labeled with CellTrace™
Far Red (CTFR) dye to track proliferation. In a first experi-
ment, these cells were activated via treatment with CD3-
CD28 Dynabeads® (magnetic beads), alone or in combina-
tion with IL-2 cytokine, in the presence of IL-6, IL-1f, a
combination of IL.-6 and IL-1f, or the IL.-6/1 fusokine, and
cell proliferation was analyzed using flow cytometry. The
results of this experiment show that IL.-6/1 treatment stimu-
lated a subset of the PBMC T cells to proliferate (FIG. 5).

The effects of the IL-6/1 fusokine on T cell prolif-
eration were further characterized using blood-derived T
cells from multiple human donors. In this experiment, the
cells were labeled with CTFR dye to track proliferation and
were activated via treatment with an anti-CD3/anti-CD28
antibody cocktail in combination with I[.-2 cytokine in the
presence of IL-6, IL-1f, a combination of IL-6 and IL-1p, or
the IL-6/1 fusokine. The proliferation of different subtypes
of T cells (i.e., CD4* and CD8*) was analyzed using flow
cytometry after 72 hours of culturing. The 1L-6/1 fusokine
had different effects on the CD4* and CDS8" cell subsets. For
the CD4* cells, 1L-6/1 caused cells from all donors to
proliferate and there were few undivided cells, whereas the
other treatments produced a similar effect in only one of the
three donors (FIGS. 6A-6C). In contrast, all tested treat-
ments resulted in proliferation of CD8* cells with no undi-
vided cells (FIG. 6D). However, treatment with I1[.-6/1
produced the highest percentage of proliferating cells in the
last tested generation (FIG. 6E). These results demonstrate
that the I[.-6/1 fusokine enhances activation-mediated pro-
liferation of CD4" and CD8* T cells in a different manner.

[0075] To assess the effects of the IL-6/1 fusokine on T
cell apoptosis, the CD3* T cells were activated via treatment
with IL-6, IL-1p, a combination of IL-6 and IL-1p, or the
IL-6/1 fusokine. After 96 hours of culturing in the presence
of an anti-CD3/anti-CD28 antibody cocktail, cells were
stained with annexin and DAPI to measure apoptosis using
flow cytometry. The results of this experiment show that, of
the tested treatments, I1L-6/1 treatment results in the lowest
amount of annexin-positive apoptotic cells and DAPI-posi-
tive necrotic cells (FIGS. 7A-7B), indicating that 1[-6/1
protects T cells from activation-induced apoptosis.

[0076] To assess the effects of the IL-6/1 fusokine on the
JAK-STAT signaling pathway in T cells, human PBMCs
were collected from a healthy donor and CD3* T cells were
purified. Cells were induced to proliferate using anti-CD3
and anti-CD28 antibodies in the presence of IL-6, IL-1f3, a
combination of IL-6 and IL-1f, or the IL-6/1 fusokine.
Conditioned media obtained from mock vector-transduced
HEK cells was used as a control for the effects of proteins
secreted by wild-type HEK cells. After 72 hours of cultur-
ing, cells were collected, lysed, and subjected to western blot
to analyze levels of phosphorylated STAT3 (pSTAT3) and
phosphorylated AKT (pAKT). The results of this experiment
show that pSTAT3 and pAKT levels are higher following
treatment with the IL-6/1 fusokine as compared to the other
tested treatments (FIG. 8). This indicates that the 1[.-6/1
fusokine strongly activates the STAT3-AKT signaling path-
way in activated human PBMC T cells and elucidates a
mechanism by which IL-6/1 alters the function of PBMCs.
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[0077] Finally, the anti-cancer activity of the IL-6/1 fuso-
kine was assessed. A mouse model of ovarian cancer was
generated by injecting ID8 carcinoma cells into mice. Tumor
infiltrating lymphocyte (TTL)-containing ascetic fluid was
collected from the mice about 60 days after injection. TTL-T
cells were purified and transduced with control lentivirus or
lentivirus encoding the IL-6/1 fusokine. Flow cytometry
analysis reveals that the IL-6/1 fusokine induces murine
CD8* TIL proliferation (FIG. 9). The transduced TIL-T cells
were co-cultured with ID8 cells in vitro, and the cells were
stained for annexin and 7AAD to detect apoptosis. While the
control TIL-T cells showed some cytotoxic effects, the
IL-6/1-transduced TIL-T cells caused a further reduction in
the viable ID8 cell population (FIG. 10), demonstrating that
IL-6/1-transduced TTL-T cells have strong in vitro cytotoxic
activity against murine ovarian cancer cells.

[0078] To test the in vivo cytotoxic activity of the IL-6/
1-transduced TTL-T cells, another batch of mice was
injected with 1x10° luciferase-expressing IDS cells. After 4
days, these mice were injected with PBS or with IL-6/1-
transduced TIL-T cells. In vivo imaging revealed that IL-6/
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1-transduced TTL-T cells have tumoricidal activity against
the murine ovarian cancer cells (FIG. 11).

REFERENCES

[0079] 1.Tanaka, T., Narazaki, M. & Kishimoto, T. IL-6 in
inflammation, immunity, and disease. Cold Spring Har-
bPerspect Biol 6, a016295, doi:10.1101/cshperspect.
a016295 (2014).

[0080] 2. Jones, S. A. & Jenkins, B. J. Recent insights into
targeting the IL.-6 cytokine family in inflammatory dis-
eases and cancer. Nat Rev Immunol 18, 773-789, doi:10.
1038/541577-018-0066-7 (2018).

[0081] 3. Hirano, T. IL-6 in inflammation, autoimmunity
and cancer. Int Immunol 33, 127-148, doi:10.1093/in-
timm/dxaa078 (2021).

[0082] 4. Bent, R., Moll, L., Grabbe, S. & Bros, M.
Interleukin-1 Beta-A Friend or Foe in Malignancies? Int
J Mol Sci 19, doi:10.3390/ijms19082155 (2018).

[0083] 5. Rebe, C. & Ghiringhelli, F. Interleukin-1beta
and Cancer. Cancers (Basel) 12, do0i:10.3390/can-
cers12071791 (2020).

SEQUENCE LISTING

Sequence total quantity: 17
SEQ ID NO: 1 moltype = DNA 1length = 633
FEATURE Location/Qualifiers
source 1..633
mol_type = other DNA
organism = Mus musculus
SEQUENCE: 1

atgaagttce tctctgcaag agacttecat ccagttgect tcttgggact gatgetggtg 60
acaaccacgg ccttccctac ttcacaagtce cggagaggag acttcacaga ggataccact 120
cccaacagac ctgtctatac cacttcacaa gtceggaggcet taattacaca tgttctetgg 180
gaaatcgtgg aaatgagaaa agagttgtgc aatggcaatt ctgattgtat gaacaacgat 240
gatgcacttyg cagaaaacaa tctgaaactt ccagagatac aaagaaatga tggatgctac 300
caaactggat ataatcagga aatttgccta ttgaaaattt cctectggtet tctggagtac 360
catagctacc tggagtacat gaagaacaac ttaaaagata acaagaaaga caaagccaga 420
gtccttcaga gagatacaga aactctaatt catatctteca accaagaggt aaaagattta 480
cataaaatag tccttcctac cccaatttec aatgetctece taacagataa getggagtca 540
cagaaggagt ggctaaggac caagaccatc caattcatct tgaaatcact tgaagaattt 600

ctaaaagtca ctttgagatc tactcggcaa acc

SEQ ID NO: 2
FEATURE
source

moltype = AA length = 211
Location/Qualifiers

1..211

mol_type = protein
organism = Mus musculus
SEQUENCE: 2

633

MKFLSARDFH PVAFLGLMLV
EIVEMRKELC NGNSDCMNND
HSYLEYMKNN LKDNKKDKAR
QKEWLRTKTI QFILKSLEEF

SEQ ID NO: 3
FEATURE
source

SEQUENCE: 3

gttcccatta gacaactgeca
tcggacccat atgagctgaa
atattctecca tgagetttgt
ggcctcaaag gaaagaatct
cagctggaga gtgtggatce
ttcaacaaga tagaagtcaa
tacatcagca cctcacaagce
gacataattg acttcaccat

SEQ ID NO: 4
FEATURE

TTTAFPTSQV RRGDFTEDTT PNRPVYTTSQ VGGLITHVLW 60
DALAENNLKL PEIQRNDGCY QTGYNQEICL LKISSGLLEY 120
VLORDTETLI HIFNQEVKDL HKIVLPTPIS NALLTDKLES 180
LKVTLRSTRQ T 211

moltype = DNA 1length = 459
Location/Qualifiers

1..459

mol_type = other DNA
organism = Mus musculus

ctacaggctce cgagatgaac aacaaaaaag cctcgtgetg 60
agctcteccac ctcaatggac agaatatcaa ccaacaagtg 120
acaaggagaa ccaagcaacg acaaaatacc tgtggccttg 180
atacctgtcece tgtgtaatga aagacggcac acccaccctg 240
caagcaatac ccaaagaaga agatggaaaa acggtttgtc 300
gagcaaagtg gagtttgagt ctgcagagtt ccccaactgg 360
agagcacaag cctgtcttcce tgggaaacaa cagtggtcag 420
ggaatccgtg tcttectaa 459

moltype = AA length = 152
Location/Qualifiers
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source

SEQUENCE: 4

VPIRQLHYRL RDEQQKSLVL
GLKGKNLYLS CVMKDGTPTL
YISTSQAEHK PVFLGNNSGQ

SEQ ID NO: 5
FEATURE
source

SEQUENCE: 5
tetggtggeg gaggeteggg

SEQ ID NO: 6
FEATURE
source

SEQUENCE: 6
SGGGGSGGGG SGGGGS

SEQ ID NO: 7
FEATURE
source

SEQUENCE: 7

atgaagttce tctctgcaag
acaaccacgg ccttecctac
cccaacagac ctgtctatac
gaaatcgtgg aaatgagaaa
gatgcacttyg cagaaaacaa
caaactggat ataatcagga
catagctace tggagtacat
gtccttcaga gagatacaga
cataaaatag tccttcctac
cagaaggagt ggctaaggac
ctaaaagtca ctttgagatc
gggtegggtg geggeggate
caacaaaaaa gcctegtget
cagaatatca accaacaagt
gacaaaatac ctgtggectt
aaagacggca cacccacccet
aagatggaaa aacggtttgt
tctgcagagt tceccaactg
ctgggaaaca acagtggtca

SEQ ID NO: 8
FEATURE
source

SEQUENCE: 8
MKFLSARDFH PVAFLGLMLV
EIVEMRKELC NGNSDCMNND
HSYLEYMKNN LKDNKKDKAR
QKEWLRTKTI QFILKSLEEF
QOKSLVLSDP YELKALHLNG
KDGTPTLQLE SVDPKQYPKK
LGNNSGQDII DFTMESVSS

SEQ ID NO: 9
FEATURE
source

SEQUENCE: 9

atgaactecct tcteccacaag
gtgttgectyg ctgecttece
gecccacaca gacagecact
ctcgacggea tctecageccet
agcaaagagg cactggcaga
tgcttccaat ctggattcaa

1..152
mol _type = protein
organism = Mus musculus

SDPYELKALH LNGONINQQV IFSMSFVQGE PSNDKIPVAL
QLESVDPKQY PKKKMEKRFV FNKIEVKSKV EFESAEFPNW
DIIDFTMESV SS

moltype = DNA 1length = 48
Location/Qualifiers

1..48

mol_type = other DNA

organism = synthetic construct

cggaggtggg tegggtggceg geggatca

moltype = AA length = 16
Location/Qualifiers

1..16

mol type = protein

organism = synthetic construct

moltype = DNA 1length = 1140
Location/Qualifiers

1..1140

mol_type = other DNA

organism = synthetic construct

agacttcecat ccagttgect tcttgggact gatgetggtg
ttcacaagtc cggagaggag acttcacaga ggataccact
cacttcacaa gtcggagget taattacaca tgttetetgg
agagttgtgce aatggcaatt ctgattgtat gaacaacgat
tctgaaactt ccagagatac aaagaaatga tggatgctac
aatttgecta ttgaaaattt cctectggtet tetggagtac
gaagaacaac ttaaaagata acaagaaaga caaagccaga
aactctaatt catatcttca accaagaggt aaaagattta
cccaatttee aatgetctece taacagataa gctggagtca
caagaccatc caattcatct tgaaatcact tgaagaattt
tactcggecaa acctctggtyg gceggaggctce gggeggaggt
agttcccatt agacaactgc actacaggct ccgagatgaa
gtcggaccca tatgagetga aagcetctcca cctcaatgga
gatattctce atgagetttg tacaaggaga accaagcaac
gggcctcaaa ggaaagaatce tatacctgte ctgtgtaatg
gcagctggag agtgtggate ccaagcaata cccaaagaag
cttcaacaag atagaagtca agagcaaagt ggagtttgag
gtacatcagc acctcacaag cagagcacaa gcctgtcette
ggacataatt gacttcacca tggaatcegt gtcttcectaa

moltype = AA length = 379
Location/Qualifiers

1..379

mol_type = protein

organism = synthetic construct

TTTAFPTSQV RRGDFTEDTT PNRPVYTTSQ VGGLITHVLW
DALAENNLKL PEIQRNDGCY QTGYNQEICL LKISSGLLEY
VLQRDTETLI HIFNQEVKDL HKIVLPTPIS NALLTDKLES
LKVTLRSTRQ TSGGGGSGGG GSGGGGSVPI RQLHYRLRDE
QNINQQVIFS MSFVQGEPSN DKIPVALGLK GKNLYLSCVM
KMEKRFVFNK IEVKSKVEFE SAEFPNWYIS TSQAEHKPVF

moltype = DNA length = 636
Location/Qualifiers

1..636

mol_ type = other DNA
organism = Homo sapiens

cgectteggt ccagttgect tcetecctggyg getgetectyg
tgcceccagta cecccaggag aagattccaa agatgtagece
cacctctteca gaacgaattg acaaacaaat tcggtacate
gagaaaggag acatgtaaca agagtaacat gtgtgaaagc
aaacaacctg aaccttccaa agatggctga aaaagatgga
tgaggagact tgcctggtga aaatcatcac tggtettttg

60
120
152

48

16

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

60

120
180
240
300
360
379

60

120
180
240
300
360
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gagtttgagg tatacctaga
agagctgtge agatgagtac
ctagatgcaa taaccacccce
gcacagaacc agtggctgca
ttcectgecagt ccagectgag

SEQ ID NO: 10
FEATURE
source

SEQUENCE: 10

MNSFSTSAFG PVAFSLGLLL
LDGISALRKE TCNKSNMCES
EFEVYLEYLQ NRFESSEEQA
AQNQWLQODMT THLILRSFKE

SEQ ID NO: 11
FEATURE
source

SEQUENCE: 11

gcacctgtac gatcactgaa
tctggtecat atgaactgaa
gtgttceteca tgteetttgt
ggcctcaagyg aaaagaatct
cagctggaga gtgtagatece
ttcaacaaga tagaaatcaa
tacatcagca cctctcaage
caggatataa ctgacttcac

SEQ ID NO: 12
FEATURE
source

SEQUENCE: 12

APVRSLNCTL RDSQQKSLVM
GLKEKNLYLS CVLKDDKPTL
YISTSQAENM PVFLGGTKGG

SEQ ID NO: 13
FEATURE
source

SEQUENCE: 13
atgaactcct tctccacaag
gtgttgcctyg ctgecttece
gccccacaca gacagecact
ctcgacggea tcetecagecct
agcaaagagg cactggcaga
tgctteccaat ctggattcaa
gagtttgagg tatacctaga
agagctgtge agatgagtac
ctagatgcaa taaccacccce
gcacagaacc agtggctgea
ttcectgecagt ccagectgag
ggtgggtegg gtggeggegy
tcacagcaaa aaagcttggt
ggacaggata tggagcaaca
aatgacaaaa tacctgtggce
ttgaaagatg ataagcccac
aagaagatgg aaaagcgatt
gagtctgcce agttccccaa
ttcctgggag ggaccaaagg
tcctaa

SEQ ID NO: 14
FEATURE
source

SEQUENCE: 14
MNSFSTSAFG PVAFSLGLLL

gtacctccag aacagatttg agagtagtga ggaacaagcc
aaaagtcctg atccagttcc tgcagaaaaa ggcaaagaat
tgacccaacce acaaatgcca gcectgctgac gaagetgeag
ggacatgaca actcatctca ttctgegecag ctttaaggag
ggctcttegyg caaatg

moltype = AA length = 212
Location/Qualifiers

1..212

mol _type = protein
organism = Homo sapiens

VLPAAFPAPV PPGEDSKDVA APHRQPLTSS ERIDKQIRYI
SKEALAENNL NLPKMAEKDG CFQSGFNEET CLVKIITGLL
RAVQMSTKVL IQFLQKKAKN LDAITTPDPT TNASLLTKLQ
FLQSSLRALR QM

moltype = DNA 1length = 462
Location/Qualifiers

1..462

mol_type = other DNA
organism = Homo sapiens

ctgcacgete cgggactcac agcaaaaaag cttggtgatg
agctctecac ctecagggac aggatatgga gcaacaagtg
acaaggagaa gaaagtaatg acaaaatacc tgtggecttg
gtacctgtce tgcgtgttga aagatgataa gcccactcta
caaaaattac ccaaagaaga agatggaaaa gcgatttgte
taacaagetg gaatttgagt ctgcccagtt ccccaactgg
agaaaacatg cccgtcttee tgggagggac caaaggceggce
catgcaattt gtgtcttcect aa

moltype = AA length = 153
Location/Qualifiers

1..153

mol_type = protein
organism = Homo sapiens

SGPYELKALH LQGQODMEQQV VFSMSFVQGE ESNDKIPVAL
QLESVDPKNY PKKKMEKRFV FNKIEINNKL EFESAQFPNW
QDITDFTMQF VSS

moltype = DNA length = 1146
Location/Qualifiers

1..114¢6

mol_type = other DNA

organism = synthetic construct

cgcctteggt ccagttgect tcteectggg getgetectyg
tgcceccagta cccccaggag aagattccaa agatgtagec
cacctcttca gaacgaattg acaaacaaat tcggtacatc
gagaaaggag acatgtaaca agagtaacat gtgtgaaagc
aaacaacctyg aaccttccaa agatggctga aaaagatgga
tgaggagact tgcctggtga aaatcatcac tggtcttttg
gtacctccag aacagatttg agagtagtga ggaacaagcc
aaaagtcctyg atccagttece tgcagaaaaa ggcaaagaat
tgacccaacc acaaatgcca gcctgcectgac gaagctgcag
ggacatgaca actcatctca ttctgcgcag ctttaaggag
ggctettegg caaatgtctg gtggcggagyg ctcegggegga
atcagcacct gtacgatcac tgaactgcac gctccgggac
gatgtctggt ccatatgaac tgaaagctcect ccacctcecag
agtggtgttc tccatgtect ttgtacaagg agaagaaagt
cttgggecte aaggaaaaga atctgtacct gtectgegty
tctacagetyg gagagtgtag atcccaaaaa ttacccaaag
tgtcttcaac aagatagaaa tcaataacaa gctggaattt
ctggtacatc agcacctctce aagcagaaaa catgcccgtce
cggccaggat ataactgact tcaccatgca atttgtgtet

moltype = AA length = 381
Location/Qualifiers

1..381

mol type = protein

organism = synthetic construct

VLPAAFPAPV PPGEDSKDVA APHRQPLTSS ERIDKQIRYI

420
480
540
600
636

60

120
180
212

60

120
180
240
300
360
420
462

60
120
153

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1146

60
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LDGISALRKE TCNKSNMCES SKEALAENNL NLPKMAEKDG CFQSGFNEET CLVKIITGLL 120
EFEVYLEYLQ NRFESSEEQA RAVOMSTKVL IQFLQKKAKN LDAITTPDPT TNASLLTKLQ 180
AQNQWLODMT THLILRSFKE FLQSSLRALR QMSGGGGSGG GGSGGGGSAP VRSLNCTLRD 240
SQOKSLVMSG PYELKALHLQ GQDMEQQVVF SMSFVQGEES NDKIPVALGL KEKNLYLSCV 300
LKDDKPTLQL ESVDPKNYPK KKMEKRFVFN KIEINNKLEF ESAQFPNWYI STSQAENMPV 360

FLGGTKGGQD ITDFTMQFVS S 381
SEQ ID NO: 15 moltype = DNA length = 9635

FEATURE Location/Qualifiers

source 1..9635

mol_type = other DNA

organism = synthetic construct
SEQUENCE: 15
aatgtagtct tatgcaatac tcttgtagtc ttgcaacatg gtaacgatga gttagcaaca 60
tgccttacaa ggagagaaaa agcaccgtgc atgccgattg gtggaagtaa ggtggtacga 120
tegtgectta ttaggaagge aacagacggg tctgacatgg attggacgaa ccactgaatt 180
geegeattge agagatattg tatttaagtg cctagetcega tacataaacyg ggtctctetg 240
gttagaccag atctgagcct gggagctcte tggctaacta gggaacccac tgcttaagee 300
tcaataaagc ttgccttgag tgcttcaagt agtgtgtgec cgtetgttgt gtgactetgg 360
taactagaga tccctcagac ccttttagtc agtgtggaaa atctctagca gtggegeccg 420
aacagggact tgaaagcgaa agggaaacca gaggagctct ctcgacgcag gactcggett 480
gctgaagcege gcacggcaag aggcgagggg cggcgactgg tgagtacgec aaaaattttg 540
actagcggag gctagaagga gagagatggg tgcgagageg tcagtattaa gcgggggaga 600
attagatcgce gatgggaaaa aattcggtta aggccagggyg gaaagaaaaa atataaatta 660
aaacatatag tatgggcaag cagggagcta gaacgattcg cagttaatcc tggcctgtta 720
gaaacatcag aaggctgtag acaaatactg ggacagctac aaccatccct tcagacagga 780
tcagaagaac ttagatcatt atataataca gtagcaaccc tctattgtgt gcatcaaagg 840
atagagataa aagacaccaa ggaagcttta gacaagatag aggaagagca aaacaaaagt 900
aagaccaccg cacagcaagce ggccgctgat cttcagacct ggaggaggag atatgaggga 960
caattggaga agtgaattat ataaatataa agtagtaaaa attgaaccat taggagtagc 1020
acccaccaag gcaaagagaa gagtggtgca gagagaaaaa agagcagtgg gaataggagc 1080
tttgttectt gggttettgg gagcagcagg aagcactatg ggcgcagcegt caatgacget 1140
gacggtacag gccagacaat tattgtctgg tatagtgcag cagcagaaca atttgctgag 1200
ggctattgag gcgcaacagce atctgttgeca actcacagtc tggggcatca agcagctcca 1260
ggcaagaatc ctggctgtgg aaagatacct aaaggatcaa cagctcecctgg ggatttgggg 1320
ttgctctgga aaactcattt gcaccactgce tgtgccttgg aatgctagtt ggagtaataa 1380
atctctggaa cagatttgga atcacacgac ctggatggag tgggacagag aaattaacaa 1440
ttacacaagc ttaatacact ccttaattga agaatcgcaa aaccagcaag aaaagaatga 1500
acaagaatta ttggaattag ataaatgggc aagtttgtgg aattggttta acataacaaa 1560
ttggctgtgg tatataaaat tattcataat gatagtagga ggcttggtag gtttaagaat 1620
agtttttgct gtactttcta tagtgaatag agttaggcag ggatattcac cattatcgtt 1680
tcagacccac ctcccaacce cgaggggacce cgacaggccc gaaggaatag aagaagaagg 1740
tggagagaga gacagagaca gatccattcg attagtgaac ggatctcgac ggtatcgcta 1800
gcttttaaaa gaaaaggggg gattgggggg tacagtgcag gggaaagaat agtagacata 1860
atagcaacag acatacaaac taaagaatta caaaaacaaa ttacaaaaat tcaaaatttt 1920
actagtgatt atcggatcaa ctttgtatag aaaagttggg ctccggtgcce cgtcagtggg 1980
cagagcgcac atcgcccaca gtcecccgaga agttgggggg aggggtcegge aattgaaccg 2040
gtgcctagag aaggtggcgc ggggtaaact gggaaagtga tgtcgtgtac tggctecgece 2100
tttttececcga gggtggggga gaaccgtata taagtgcagt agtcgeccgtg aacgttcttt 2160
ttcgcaacgg gtttgccgee agaacacagg taagtgccegt gtgtggttece cgcgggectg 2220
gcctetttac gggttatgge ccecttgegtge cttgaattac ttceccacctgg ctgcagtacg 2280
tgattcttga tcccgagett cgggttggaa gtgggtggga gagttcegagyg ccttgegett 2340
aaggagccce ttecgectegt gettgagttyg aggcctggee tgggcegcetgg ggceccgecgeg 2400
tgcgaatctg gtggcacctt cgcgectgte tecgetgettt cgataagtcect ctagccattt 2460
aaaatttttg atgacctgct gcgacgcettt ttttctggca agatagtctt gtaaatgcgg 2520
gccaagatct gcacactggt atttcggttt ttggggccge gggcggcgac ggggcccgtg 2580
cgtcecageg cacatgtteg gegaggcggg gectgegage geggccaccyg agaatcggac 2640
gggggtagtc tcaagctggc cggcctgcte tggtgectgg tetecgegecg cecgtgtateg 2700
ccecgeectyg ggcggcaagyg ctggeccggt cggcaccagt tgegtgageyg gaaagatgge 2760
cgettecegg cectgcetgea gggagctcaa aatggaggac geggegceteyg ggagageggg 2820
cgggtgagtce acccacacaa aggaaaaggg cctttecegte ctcagecgte gettcatgtg 2880
actccacgga gtaccgggeg ccgtccagge acctcecgatta gttctcecgage ttttggagta 2940
cgtegtettt aggttggggg gaggggtttt atgcgatgga gtttccccac actgagtggg 3000
tggagactga agttaggcca gcttggcact tgatgtaatt ctccttggaa tttgcccttt 3060
ttgagtttgg atcttggttc attctcaagce ctcagacagt ggttcaaagt ttttttctte 3120
catttcaggt gtcgtgacaa gtttgtacaa aaaagcaggc tgccaccatg aagttcctct 3180
ctgcaagaga cttccatcca gttgccttet tgggactgat gctggtgaca accacggcect 3240
tcectactte acaagtecgg agaggagact tcacagagga taccactccc aacagacctg 3300
tctataccac ttcacaagtc ggaggcttaa ttacacatgt tctcetgggaa atcgtggaaa 3360
tgagaaaaga gttgtgcaat ggcaattctg attgtatgaa caacgatgat gcacttgcag 3420
aaaacaatct gaaacttcca gagatacaaa gaaatgatgg atgctaccaa actggatata 3480
atcaggaaat ttgcctattg aaaatttcct ctggtcecttcect ggagtaccat agctacctgg 3540
agtacatgaa gaacaactta aaagataaca agaaagacaa agccagagtc cttcagagag 3600
atacagaaac tctaattcat atcttcaacc aagaggtaaa agatttacat aaaatagtcc 3660
ttcctaccee aattteccaat gctcectectaa cagataagcet ggagtcacag aaggagtgge 3720
taaggaccaa gaccatccaa ttcatcttga aatcacttga agaatttcta aaagtcactt 3780



US 2024/0166706 A1l May 23, 2024
13

-continued

tgagatctac tcggcaaacc tctggtggceg gaggctcecggg cggaggtggg tcecgggtggeg 3840
gecggatcagt tcccattaga caactgcact acaggctccg agatgaacaa caaaaaagcc 3900
tcgtgetgte ggacccatat gagctgaaag ctctccacct caatggacag aatatcaacc 3960
aacaagtgat attctccatg agctttgtac aaggagaacc aagcaacgac aaaatacctg 4020
tggccttggg cctcaaagga aagaatctat acctgtcectg tgtaatgaaa gacggcacac 4080
ccaccetgca gectggagagt gtggatccca agcaataccce aaagaagaag atggaaaaac 4140
ggtttgtctt caacaagata gaagtcaaga gcaaagtgga gtttgagtct gcagagttcc 4200
ccaactggta catcagcacc tcacaagcag agcacaagcece tgtcttcectg ggaaacaaca 4260
gtggtcagga cataattgac ttcaccatgg aatccgtgtc ttcctaaacc cagetttett 4320
gtacaaagtg gtgataatcg aattccgata atcaacctct ggattacaaa atttgtgaaa 4380
gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac gctgctttaa 4440
tgcctttgta tcatgctatt gcttccegta tggctttcat tttcetectece ttgtataaat 4500
cctggttget gtcectectttat gaggagttgt ggccecgttgt caggcaacgt ggcgtggtgt 4560
gcactgtgtt tgctgacgca acccccactg gttggggcat tgccaccacce tgtcagectcece 4620
tttcecgggac tttegettte ccecteecta ttgccacgge ggaactcatce gecgectgee 4680
ttgcecegetg ctggacaggyg gcteggetgt tgggcactga caattccegtyg gtgttgtegg 4740
ggaagctgac gtccttteca tggctgeteg cectgtgttge cacctggatt ctgegeggga 4800
cgteccttetg ctacgtecect tecggccectca atccagegga ccttecttee cgecggectge 4860
tgcecggetcet gcecggectett cecgegtette gecttegece tcagacgagt cggatctcece 4920
tttgggccge ctecccegcat cgggaattcece cgcecggttega attctaccgg gtaggggagg 4980
cgctttteece aaggcagtct ggagcatgceg ctttagcage cccgetggge acttggeget 5040
acacaagtgg cctctggect cgcacacatt ccacatccac cggtaggege caaccggcetce 5100
cgttcectttgg tggccectte gecgecacctt ctactectece cctagtcagg aagttcccecce 5160
ccgeccececgea gcectegegteg tgcaggacgt gacaaatgga agtagcacgt ctcactagte 5220
tcgtgcagat ggacagcacc gctgagcaat ggaagegggt aggectttgg ggcageggece 5280
aatagcagct ttgctccectte getttetggg ctcagaggct gggaaggggt gggtceegggg 5340
gegggeteag gggegggete aggggegggg cgggegeceg aaggtectece ggaggecegyg 5400
cattctgcac gcttcaaaag cgcacgtctg ccgcegetgtt ctectettee tcatctcegg 5460
gectttegac ctcacgtgge caccatgacce gagtacaagce ccacggtgeg cctegecace 5520
cgcgacgacg tccccaggge cgtacgcacce ctcgecgecg cgttegecga ctacceccgee 5580
acgcgecaca ccgtcgatcee ggaccgccac atcgageggg tcaccgaget gcaagaactce 5640
ttecctecacge gegteggget cgacatcgge aaggtgtggg tegeggacga cggegecgeg 5700
gtggcggtcet ggaccacgcce ggagagcegte gaageggggg cggtgttege cgagatcgge 5760
ccgegeatgg ccgagttgag cggttccegg ctggeegege agcaacagat ggaaggectce 5820
ctggegecge accggeccaa ggageccgeg tggttectgg ccaccgtegyg cgtctegece 5880
gaccaccagg gcaagggtct gggcagegece gtegtgetcee ccggagtgga ggeggccgag 5940
cgegeegggg tgcccegectt cctggagace tccgegeccce gcaacctece cttctacgag 6000
cggctegget tcaccgtcac cgecgacgtce gaggtgeccg aaggaccgeyg cacctggtge 6060
atgacccgca agcccggtge ctgaggtacce tttaagacca atgacttaca aggcagctgt 6120
agatcttagc cactttttaa aagaaaaggg gggactggaa gggctaattc actcccaacg 6180
aagacaagat ctgctttttg cttgtactgg gtctctcectgg ttagaccaga tctgagcecctg 6240
ggagctctet ggctaactag ggaacccact gcttaagect caataaaget tgecttgagt 6300
gcttcaagta gtgtgtgcce gtetgttgtyg tgactctggt aactagagat ccctcagacce 6360
cttttagtca gtgtggaaaa tctctagcag tagtagttca tgtcatctta ttattcagta 6420
tttataactt gcaaagaaat gaatatcaga gagtgagagg aacttgttta ttgcagctta 6480
taatggttac aaataaagca atagcatcac aaatttcaca aataaagcat ttttttcact 6540
gcattctagt tgtggtttgt ccaaactcat caatgtatct tatcatgtct ggctctaget 6600
atcccgecce taactecegece catcccgcece ctaactcecege ccagttceccege ccattctecg 6660
cceccatgget gactaatttt ttttatttat gcagaggccg aggccgectce ggcecctctgag 6720
ctattccaga agtagtgagg aggctttttt ggaggcctag ggacgtaccc aattcgccect 6780
atagtgagtc gtattacgcg cgctcactgg ccgtegtttt acaacgtcecgt gactgggaaa 6840
accctggegt tacccaactt aatcgecttg cagcacatcce cectttegec agectggegta 6900
atagcgaaga ggcccgcacce gatcgecctt cccaacagtt gegeagectyg aatggcgaat 6960
gggacgcgece ctgtagcgge gcattaageg cggegggtgt ggtggttacg cgcagcegtga 7020
ccgctacact tgccagegece ctagcecgeccg ctectttege tttettcecect tecttteteg 7080
ccacgttcge cggcttteccece cgtcaagecte taaatcgggg gctcccttta gggttccgat 7140
ttagtgcttt acggcacctc gaccccaaaa aacttgatta gggtgatggt tcacgtagtg 7200
ggccatcgece ctgatagacg gtttttcecgec ctttgacgtt ggagtccacg ttctttaata 7260
gtggactctt gttccaaact ggaacaacac tcaaccctat ctcggtctat tettttgatt 7320
tataagggat tttgccgatt tcggcectatt ggttaaaaaa tgagctgatt taacaaaaat 7380
ttaacgcgaa ttttaacaaa atattaacgce ttacaattta ggtggcactt ttcggggaaa 7440
tgtgcgecgga acccecctattt gtttattttt ctaaatacat tcaaatatgt atccgcectcat 7500
gagacaataa ccctgataaa tgcttcaata atattgaaaa aggaagagta tgagtattca 7560
acatttcecgt gtcgecectta ttececttttt tgcggecattt tgcecttcectg tttttgctca 7620
cccagaaacg ctggtgaaag taaaagatgc tgaagatcag ttgggtgcac gagtgggtta 7680
catcgaactg gatctcaaca gcggtaagat ccttgagagt tttcgeccceccg aagaacgttt 7740
tccaatgatg agcactttta aagttctgct atgtggcgceg gtattatcce gtattgacge 7800
cgggcaagag caactcggtce gccgcataca ctattctcag aatgacttgg ttgagtactce 7860
accagtcaca gaaaagcatc ttacggatgg catgacagta agagaattat gcagtgctge 7920
cataaccatg agtgataaca ctgcggccaa cttacttctg acaacgatcg gaggaccgaa 7980
ggagctaacc gettttttge acaacatggg ggatcatgta actcgecttg atcgttggga 8040
accggagetg aatgaagcca taccaaacga cgagcegtgac accacgatge ctgtagcaat 8100
ggcaacaacg ttgcgcaaac tattaactgg cgaactactt actctagctt cccggcaaca 8160
attaatagac tggatggagg cggataaagt tgcaggacca cttctgcgect cggcccttece 8220
ggctggctgg tttattgctg ataaatctgg agccggtgag cgtgggtcte gecggtatcat 8280
tgcagcactg gggccagatg gtaagcccte ccgtatcgta gttatctaca cgacggggag 8340
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tcaggcaact atggatgaac gaaatagaca gatcgctgag ataggtgcct cactgattaa 8400
gcattggtaa ctgtcagacc aagtttactc atatatactt tagattgatt taaaacttca 8460
tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga ccaaaatccc 8520
ttaacgtgag ttttcgttce actgagegte agaccccgta gaaaagatca aaggatcttce 8580
ttgagatcct ttttttetge gecgtaatctyg ctgcttgcaa acaaaaaaac caccgctacce 8640
agcggtggtt tgtttgcecgg atcaagagcet accaactcett tttecgaagg taactggett 8700
cagcagagcg cagataccaa atactgttct tctagtgtag ccgtagttag gccaccactt 8760
caagaactct gtagcaccgce ctacatacct cgctctgcta atcctgttac cagtggectge 8820
tgccagtgge gataagtegt gtcttaccgg gttggactca agacgatagt taccggataa 8880
ggcgcagegg tcegggetgaa cggggggtte gtgcacacag cccagettgg agcgaacgac 8940
ctacaccgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgce ttcccgaaga 9000
gagaaaggcg gacaggtatc cggtaagcegg cagggtcgga acaggagagce gcacgaggga 9060
gctteccaggg ggaaacgect ggtatcttta tagtectgte gggtttegece acctcectgact 9120
tgagcgtcga tttttgtgat gcectegtcagg ggggcggage ctatggaaaa acgccagcaa 9180
cgeggecttt ttacggttee tggecttttyg ctggectttt getcacatgt tetttectge 9240
gttatcccet gattectgtgg ataaccgtat taccgecttt gagtgagetg ataccgctceg 9300
cegeagecga acgaccgage gcagegagtce agtgagegag gaagceggaag agcegceccaat 9360
acgcaaaccg cctecteecceg cgegttggee gattcattaa tgcagectgge acgacaggtt 9420
tceccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttage tcactcatta 9480
ggcaccccag gctttacact ttatgecttec ggctegtatg ttgtgtggaa ttgtgagegg 9540
ataacaattt cacacaggaa acagctatga ccatgattac gccaagcgcg caattaaccc 9600
tcactaaagg gaacaaaagc tggagctgca agcett 9635
SEQ ID NO: 16 moltype = AA 1length = 5
FEATURE Location/Qualifiers
source 1..5

mol _type = protein

organism = synthetic construct
SEQUENCE: 16
GGGGS 5
SEQ ID NO: 17 moltype = AA 1length = 17
FEATURE Location/Qualifiers
source 1..17

mol_type = protein

organism = synthetic construct
SEQUENCE: 17
AEAAAKEAAA KEAAAKA 17

What is claimed:

1. A fusion protein comprising from N-terminus to C-ter-

minus:

a) an interleukin-6 (IL-6) peptide;

b) a linker peptide; and

¢) an interleukin-1 beta (IL-1p) peptide.

2. The fusion protein of claim 1, wherein the IL-6 peptide
has at least 95% identity to SEQ ID NO: 2 or SEQ ID NO:

10.

3. The fusion protein of claim 1, wherein the IL-1f
peptide has at least 95% identity to SEQ ID NO: 4 or SEQ

ID NO: 12.

4. The fusion protein of claim 1, wherein the linker
peptide has at least 95% identity to SEQ ID NO: 6.

5. The fusion protein of claim 1, wherein the fusion
protein comprises SEQ ID NO: 8 or SEQ ID NO: 14.

6. A polynucleotide encoding the fusion protein of claim

7. A construct comprising the polynucleotide of claim 6
operably linked to a promoter.
8. The construct of claim 7, wherein the promoter is an
elongation factor 1 a (EF-1c) promoter.
9. The construct of claim 7, wherein the construct is a viral

vector.

10. The construct of claim 9, wherein the viral vector is

a lentiviral vector

11. A cell comprising the polynucleotide of claim 6.

12. The cell of claim 11, wherein the cell is a T cell.

13. A method of generating a cell that expresses the fusion
protein of claim 1, the method comprising introducing a
polynucleotide encoding the fusion protein into the cell.

14. A method of activating a target cell, the method
comprising contacting the target cell with the fusion protein
of claim 1.

15. The method of claim 14, wherein the target cell
expresses an 1L-6 receptor and/or an IL-10 receptor.

16. The method of claim 15, wherein the target cell is a
T cell.

17. The method of claim 16, wherein the method:

a) stimulates T cell proliferation; and/or

b) protects T cells from apoptosis.

18. The method of claim 14, wherein the method is
performed in vitro or ex vivo.

19. The method of claim 14, wherein the method is
performed in vivo in a subject.

20. The method of claim 19, wherein the subject has
cancer or an infectious disease.

21. A method of treating a disease in a subject, the method
comprising administering the fusion protein of claim 1 to the
subject.

22. The method of claim 21, wherein the disease is cancer
or an infectious disease.

* #* #* #* #*





