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METHODS OF USING IL-18 FUSION PROTEINS

CROSS-REFERENCE TO RELATED APPLICATIONS
[01] This application includes a claim of priority under 35 U.S.C. §119(e) to U.S. provisional patent
application No. 63/463,507, filed May 2, 2023, U.S. provisional patent application No. 63/5330,780, filed August 4,
2023, and U.S. provisional patent application No. 63/573.711, filed April 3, 2024, the entirety of all which is hereby

incorporated by reference.

REFERENCE TO SEQUENCE LISTING
[02] This application contains a Sequence Listing submitted as a computer readable form named
“096034_000004WOPT _SequenceListing xml”, having a size in bytes of 476,891 bytes, and created on April 30,

2024. The information contained in this computer readable form is hereby incorporated by reference in its entirety.

FIELD OF INVENTION

[03] This invention relates to methods of using recombinantly produced IL-18 cytokine and fusion

proteins thereof, for example, in the treatment of cancer and fibrosis.

BACKGROUND
[04] All publications herein are incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated by reference. The
following description includes information that may be useful in understanding the present invention. It is not an
admission that any of the information provided herein is prior art or relevant to the presently claimed invention, or that
any publication specifically or implicitly referenced is prior art.
[05] IL-18 is a danger induced cytokine that serves to promote the activity and survival of antigen
presenting cells, NK cells and subsets of T cells. The cytokine is strongly regulated by a negative feedback loop that
includes the induction of IL-18BP and IL-37, which act to bind IL-18 and IL-18Ra, respectively. In the tumor
microenvironment (TME), the IL-18Ro/B complex is expressed on PD-1" progenitor exhausted T cells that are
responsive to PD-1 antagonism.
[06] There is a need in the art for targeting an IL-18BP resistant variant of IL-18, which is attenuated for
safety, but retains activity when brought into close proximity of the IL-18 receptor complex to maintain survival of the
oPD-1 responsive T cell pool. Additionally. many tumors, such as pancreatic cancer, are highly fibrotic. It is very
difficult for lymphocytes to enter these tumors. Therefore, there is a need in the art for a therapeutic that can suspend
or reduce tumor fibrosis can aid in the infiltration of lymphocytes into the tumor microenvironment.

[07] Furthermore, there remains a need in the art for methods of treating cancer or fibrosis.
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SUMMARY OF THE INVENTION
[08] The following embodiments and aspects thereof are described and illustrated in conjunction with
compositions and methods which are meant to be exemplary and illustrative, not limiting in scope.
[09] Various embodiments of the invention provide for a method of activating an IL-18 receptor complex
(RC) signal on a cell, comprising administering a fusion protein to a subject in need thereof, wherein the fusion protein
comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment
thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein
the IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the
fusion protein relative to the first polypeptide or protein capable of translocating into the ER.
[010] Various embodiments of the invention provide for a method of releasing or exposing mature IL-18
in a tumor microenvironment or adjacent to a tumor, comprising: administering a fusion protein to a subject in need
thereof, wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic
reticulum (ER) or a fragment thereof’ and an interleukin 18 (IL-18), a fragment of 1L-18, an IL-18 variant, or a fragment
of the IL-18 variant, wherein the 1L-18, the fragment of IL-18, the IL-18 vanant, or the fragment of the 1L-18 variant
1s on the C-terminus end of the fusion protein relative to the first polypeptide or protein capable of translocating into
the ER.
[011] Various embodiments of the invention provide for a method of increasing activity, persistence and
immune memory of CD8" T cells, CD4+ T cells, or y8 T cells, comprising administering a fusion protein to a subject
in need thereof, wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof: and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant,
or a fragment of the IL-18 variant, wherein the IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the
IL-18 variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein capable of
translocating into the ER.
[012] Various embodiments of the invention provide for a method of treating cancer in a subject in need
thereof, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises
a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment thereof; and
an intcrleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein the IL-18,
the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the fusion
protein relative to the first polypeptide or protein capable of translocating into the ER. In various embodiments, the
subject may have or may be suspected to have cancer, or the subject has one or more symptoms of cancer.
[013] Various embodiments of the invention provide for a method of reducing collagen deposition into
extracellular space or reducing fibrosis, comprising administering a fusion protein to a subject in need thereof, wherein

the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER)
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or a fragment thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18
variant. In various embodiments, the subject may have or may be suspected to have a fibrotic tissue environment.
[014] In various embodiments, the fusion protein may further comprise a targeting polypeptide. In various
embodiments, the targeting polypeptide targets a protein on a cell surface, wherein the cell surface also has an IL-18
RC or the cell is capable of expressing the IL-18 RC. In various embodiments, the targeting polypeptide targets a
protein on a cell surface that does not have an IL-18 RC or the cell is not capable of expressing the IL-18 RC.

[015] In various embodiments, the fusion protein can bind to a cell having an IL-18 RC or capable of
expressing the IL-18 RC upon activation of the cell, and activates the IL-18 RC signal.

[016] In various embodiments, the targeting polypeptide can comprise a tumor associated antigen binding
domain.
[017] In various embodiments, the fusion protein can further comprise an antibody or antibody fragment,

and the fusion protein binds to a tumor cell, or to an immune cell or stromal cell in a tumor tissue, or to a tumor draining
lymph node, or other secondary lymphoid organ. In various embodiments, antibody fragment can be an Fc fragment.
[018] In various embodiments, the fusion protein can further comprise a masking domain. In various
embodiments, amature [L-18 or mature IL-18 variant can be released from a masking domain by a protease. In various
embodiments, the protease can be granzyme or a metalloprotease. In various embodiments, the granzyme can be
released from an immune cell. In various embodiments, the immune cell can be an NK cell. a T cell, a neutrophil, or
amast cell. In various embodiments, the antibody or antibody fragment can recruit the immune cell to the tumor cell.
In various embodiments, the metalloprotease can be expressed in a tumor microenvironment or tumor draining lymph
node.

[019] In various embodiments, the fusion protein can further comprise half-life extending molecule. In
various embodiments, the half-life extending molecule can be a half-life extending polypeptide. In various
embodiments, the half-life extending polvpeptide can be a human serum albumin (HSA) or an HSA-binding fragment.
[020] In various embodiments, the fusion protein can have reduced activity as compared to wild-type IL-
18 when not bound to a cell having the IL-18 RC. In various embodiments, the reduced activity can be at least a 75%
reduction in activity as compared to wild-type IL-18.

[021] In various embodiments, the mature IL-18 can increase the activity of NK cells or T cells, and
optionally the activity being one or more of proliferation, survival, and cytotoxicity.

[022] In various embodiments, the method can further comprise administering an immunotherapeutic
agent. In various embodiments, the immunotherapeutic agent can comprise an immune check point inhibitor.

[023] In various embodiments, the fusion protein, the IL-18, the fragment of IL-18, the IL-18 variant, or
the fragment of the IL-18 variant can be fused to the N-terminus of a knob of a knob-into-hole heterodimeric IgG1
protein with or without a propeptide (PP) or a PP variant.
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[024] In various cmbodiments, the fusion protcin, the TL-18, the fragment of IL-18, the TL-18 variant, or
the fragment of the IL-18 variant can be fused to the C-terminus of a knob of a knob-into-hole heterodimeric 1gG1
protein with or without a propeptide (PP) or a PP variant.

[025] In various embodiments, the fusion protein, the IL-18, a fragment of IL-18, an IL-18 variant, or a
fragment of the IL-18 variant can further comprise its propeptide (PP) or a PP variant.

[026] In various embodiments, the IL-18 propeptide variant can comprise a polypeptide having
AAEPVEDNX,INFVAMKFIDNTLYFIAEDDEN (SEQ ID NO:238), wherein X; can be any amino acid except
cysteine. In various embodiments, X; can be alanine, valine, isoleucine, leucin, methionine, phenylalanine, tyrosine or
tryptophan. In various embodiments, Xi can be valine. In various embodiments, Xi can be serine, threonine,
asparagine, or glutamine. In various embodiments, X, can be serine.

[027] In various embodiments, the fusion protein does not comprise a polypeptide consisting of the
sequence Xi-X»-X3-X4 between the propeptide or propeptide variant, and the mature IL-18 or mature IL-18 variant,
wherein X can be L or absent, X can be E or absent, X5 can be S or absent, and X4 can be D or absent.

[028] In various embodiments, the PP or the PP variant can be on the N-terminus end relative to the IL-18,
the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant. In various embodiments, the propeptide
or propeptide variant can serve as a masking domain.

[029] In various embodiments, the fusion protein can further comprise one or more cleavage sites and the
fusion protein can be cleaved at the one or more cleavage sites by one or more proteases. In various embodiments, the
one or more cleavage sites can be between the IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-
18 variant and the first protein capable of translocating into an endoplasmic reticulum (ER) or fragment thereof, or
within the PP, between PP or the PP variant and the IL-18, a fragment of [L-18, an [L-18 variant, or a fragment of the
IL-18 variant, or within the PP, between the PP or the PP variant and the first protein capable of translocating into an
endoplasmic reticulum (ER) or fragment thereof, or within the IL-18, a fragment of IL-18. an IL-18 variant, or a
fragment of the IL-18 variant, or within the PP, or a combination thereof.

[030] In various embodiments, the fusion protein can further comprise a second protein capable of
translocating into the ER or a fragment thereof, wherein the second protein capable of translocating into the ER can be
onthe C-terminus end relative to the interleukin 18 (IL-18), the fragment of the IL-18, the IL-18 variant, or the fragment
of the IL-18 variant.

[031] In various embodiments, the fusion protein can further comprise a cleavage site between the IL-18,
afragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant and the second protein capable of translocating
into an endoplasmic reticulum (ER) or fragment thereof, wherein the cleavage site can be cleaved by a protease.
[032] In various embodiments, the fusion protein can comprise the interleukin 18 (IL-18), the fragment of
the IL-18, the IL-18 variant, or the fragment of the IL-18 variant fused to the C-terminus of the first protein capable of
translocating into the ER .
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[033] In various cmbodiments, the fusion protein can comprisc the sccond protein capablc of translocating
into the ER or a fragment thereof fused to the C-terminus of the interleukin 18 (IL-18), the fragment of the IL-18, the
IL-18 variant, or the fragment of the IL-18 variant.

[034] In various embodiments, the fusion protein can comprise the IL-18 variant having diminished
binding to IL-18 binding protein (IL-18BP), as compared to a wild type (wt) IL-18. In various embodiments, the fusion
protein can comprise the IL-18 variant having a binding affinity to the human IL-18 receptor (IL-18R) within 30-fold
of the wild-type IL-18. In various embodiments, the ratio of binding affinity of the fusion protein comprising the IL-
18 variant to IL-18BP : binding affinity of the fusion protein comprising the IL-18 variant to IL-18R can be no higher
than 3:1.

[035] In various embodiments, the first protein capable of translocating into the ER or a fragment thereof
of the fusion protein can be a globular protein, immunoglobular protein, or a fragment thereof, or can be a short
polypeptide or protein engineered with a signal peptide for translocating into the ER, optionally the short polypeptide
or protein can be about 2 kDa or no greater than 250 kDa, or optionally, the short polypeptide can be 1, 2, 3, or 4 amino
acids, or being a flexible linker or amino acid chain of 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or
35 amino acids.

[036] In various embodiments, the first protein capable of translocating into the ER or a fragment thereof
of the fusion protein can be selected from the group consisting of a fragment crystallizable (Fc) region, human serum
albumin (HSA), beta2microglobulin, transferrin, fragment antigen-binding region (Fab region), VHH antibody, single-
chain variable fragment (scFv), anticalin, designed ankyrin repeat protein (DARPIn), a binding domain thereof, and a
fragment thercof.

[037] In various embodiments, the first protein capable of translocating into the ER or a fragment thereof
of the fusion protein can be a type I transmembranc protein or a fragment thercof. In various cmbodiments, the first
protein capable of translocating into the ER or a fragment thereof of the fusion protein can be a type II transmembrane
protein or a fragment thereof.

[038] In various embodiments, the second protein capable of translocating into the ER or a fragment thereof
of the fusion protein can be a globular protein, immunoglobular protein, or a fragment thereof, or can be a short
polypeptide or protein engineered with a signal peptide for translocating into the ER, optionally the short polypeptide
or protein can be about 2 kDa or no greater than 250 kDa.

[039] In various embodiments, the second protein capable of translocating into the ER or a fragment thereof
of the fusion protein can be selected from the group consisting of a fragment crystallizable (Fc) region, human serum
albumin (HSA), beta2microglobulin, transferrin, fragment antigen-binding region (Fab region), VHH antibody, single-
chain variable fragment (scFv), anticalin, designed ankyrin repeat protein (DARPIn), a binding domain thereof, and a
fragment thereof.
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[040] In various cmbodiments, the sccond protein capable of translocating into the ER or a fragment thercof
of the fusion protein can be a type I transmembrane protein or a fragment thereof.

[041] In various embodiments, the second protein capable of translocating into the ER or a fragment thercof
of the fusion protein can be a type Il transmembrane protein or a fragment thereof.

[042] In various embodiments, the Fc region of the fusion protein can be an Fc region from IgA, IgM, IgG,
or IgE. In various embodiments, the Fc region of the fusion protein can be an Fe region from IgG4, KiH, or IgG1. In
various embodiments, the Fc region of the fusion protein can be an Fe region from Knob-in-hole, HA-TF, Xmab,
ZW 1, 7.8.60, Electrostatic Steering, DD-KK, EW-RVT, A 107, or Duobody.

[043] In various embodiments, one or more cysteines in the fusion protein can be modified. In various
embodiments, one or more cysteines in the fusion protein can be replaced with a natural or non-natural amino acid
(other than cysteine). In various embodiments, one or more cysteines in the IL-18, the fragment of IL-18, the IL-18
variant, or the fragment of the IL-18 variant of the fusion protein can be modified or can be replaced with a natural or
non-natural amino acid (other than cysteine). In various embodiments, the one or more cysteines in the PP or PP
variant of the fusion protein can be modified or can be replaced with a natural or non-natural amino acid (other than
cysteine). In various embodiments, the natural amino acid can be charged, polar uncharged, or hydrophobic. In various
embodiments, the natural amino acid can be each independently selected from serine and valine. In various
embodiments, the natural amino acid can be cach independently selected from threonine, asparagine, and glutamine.
In various embodiments, the natural amino acid can be each independently selected from alanine, isoleucine, leucine
methionine, phenylalanine, tyrosine, and tryptophan. In various embodiments, the natural amino acid the natural amino
acid can be cach independently selected from phenylalanine, alanine, aspartic acid, and asparagine. In various
embodiments, the natural amino acid can be valine. In various embodiments, the natural amino acid can be each
independently selected from threonine, glutamine, aspartic acid, phenylalanine, isoleucine and histidine.

[044] In various embodiments, the protease can be selected from the group consisting of EK, TEV,
Adam17, cathepsin, MMP2, MMP9, MMP14, Granzyme A, Granzyme B, Granzyme M, Granzyme K, and
combinations thereof.

[045] In various embodiments, the fusion protein can further comprise a tumor associated antigen binding
domain. In various embodiments, the fusion protein can further comprise a binding domain for a protein expressed on
immune cells. In various embodiments, the fusion protein can further comprise a binding domain for a protein
expressed on immune cells that express IL-18 receptor complex or on immune cells that upon activation express the
IL-18 receptor complex.

[046] In various embodiments, the fusion protein can comprise one or more sequences as set forth in any

one in Tables 1A, 1B, and 4.
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[047] Various cmbodiments provide for a fusion protein comprising a maturc IL-18 variant sclected from
Table 1B; and a short polypeptide. In various embodiments, the short polypeptide can be any one of the short
polypeptides described herein.

[048] In various embodiments, the IL-18 variant can be from FUSE-557, FUSE-626, FUSE-669, FUSE-
670, FUSE- 675, FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895, FUSE
952, FUSE-1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109, FUSE-1110, FUSE-
1111, FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, or FUSE-1177.

[049] Various embodiments provide for an IL-18 variant selected from Table 1B corresponding to FUSE-
557, FUSE-626, FUSE-669, FUSE-670, FUSE- 675, FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685,
FUSE 832, FUSE 882, FUSE 895, FUSE 952, FUSE-1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042,
FUSE-1044, FUSE-1109, FUSE-1110, FUSE-1111, FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, and FUSE-
1177.

[050] Various embodiments provide for a fusion protein selected from the group consisting of FUSE-357,
FUSE-626, FUSE-669, FUSE-670, FUSE- 675, FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE
832, FUSE 882, FUSE 895, FUSE 952, FUSE-1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-
1044, FUSE-1109, FUSE-1110, FUSE-1111, FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, and FUSE-1177.
[051] Other features and advantages of the invention will become apparent from the following detailed
description, taken in conjunction with the accompanying drawings, which illustrate, by way of example, various

features of embodiments of the invention.

BRIEF DESCRIPTION OF THE FIGURES
[052] Exemplary embodiments are illustrated in referenced figures. It is intended that the embodiments
and figures disclosed herein are to be considered illustrative rather than restrictive.
[053] Figure 1A-1M depicts illustrations of formats for pro-IL-18 fusion proteins. All proteins incorporate
a human IgG scaffold that is either wild type homodimeric IgG1 or comprising a knob-in-hole (KIH) heterodimeric
IgG1 Fc. Pro-IL-18, when included in the fusion protein is fused as () a singular cassette to either the C-terminal end
of the knob (or hole) chain or (b) as singular cassettes to both the C-terminal ends of the knob chain and the hole chain.
Cleavage sites, when present in the pro-IL-18 cassette, are indicated as a star shape. A tumor associated antigen binding
domain (TAA), when present, is fused as a singular cassette to the N-terminal end of a knob (or hole) chain, or both
chains of the KIH heterodimer IgG Fc. The TAA binding domain may be a VHH (¢.g. EGFR specific clone 9G8) or
afab (e.g. EGFR specific clone C225 from cetuximab).
[054] Figure 2A-2B depicts the functional activity as it relates to Antibody Dependent Cellular Cytotoxicity
(FIG. 2A) and IFNy release (FIG. 2B) induced by FUSE356 (single armed anti-EGFR VHH 9G8-IgGl), and
FUSE686 (single armed anti-EGFR VHH 9G8-1gG1-pro-1L-18).
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[055] Figurc 3A-3B depicts the functional activity as it rclatcs to Antibody Dependent Cellular
Cytotoxicity (FIG. 2A) and IFNy release (FIG. 2B) induced by of FUSE356 (single armed anti-EGFR VHH 9G8-
IgG1: targets both EGFR and FcyR). or the combination of FUSES56 and FUSE422 (IgG1-pro-IL-18; only targets
FeyR).

[056] Figure 4 depicts the functional activity asit relates IFNy release induced by of FUSE691 (nivolumab),
FUSE645 (EGFR targeted IgG 1-pro-IL-18; non-targeted in this system), FUSE694 (nivolumab-pro-IL-18) and human
recombinant IL-18 on T cell/allogeneic DC co-culture.

[057] Figure 5A-5B depicts the functional activity as it relates to Antibody Dependent Cellular Cytotoxicity
of FUSES56 (single armed anti-EGFR VHH 9G8-IgG1), and FUSES16 (single armed anti-EGFR VHH 9G8-1gG1-
pro-IL-18). Graphs illustrating killing of EGFR+ MDA-MB-231 tumor cells by PBMC from each of four normal
human donors are shown in FIGs 5A-5D.

[058] Figure 6A-6B depicts the functional activity as it relates to pro-IL-18 fusion protein induced
Antibody Dependent Cellular Cytotoxicity (FIG. 6A, left panel), IFNy release (FIG. 6A, right panel), Granzyme B
release (FIG. 6B, left panel), and IL-18 release/consumption (FIG. 6B, right panel) after 48 hours of co-culture of
PBMC and EGFR+ MDA-MB-231 tumor cells. The pro-IL-18 fusion proteins tested were FUSES56 (single armed
anti-EGFR VHH 9G8-IgG1). and FUSE516 (single armed anti-EGFR VHH 9G8-IgG1-pro-IL-18).

[059] Figure 7A-7B depicts the functional activity as it relates to Antibody Dependent Cellular
Cytotoxicity induced by FUSE556 (single armed anti-EGFR VHH 9G8-IgG1), variants of pro-IL-18 fused to the C-
terminus of FUSE566 with different protease cleavage sites between the Fc domain and pro-IL-18 (FIG. 7A), and a
variant that contains the PGLALA mutation in its Fc domain to abolish targeting to FcyRs (FUSE627; FIG. 7B). The
protease sites tested were Granzyme A (FUSE638), Granzyme B (FUSE516), MMP2/9 (FUSE659), and the
combination of Granzyme A, Granzyme B and MMP2/9 (FUSE660).

[060] Figure 8A-8D depicts the functional activity as it relates to pro-IL-18 fusion protein induced
Antibody Dependent Cellular Cytotoxicity (FIGs 8A, 8C) and IFNy release (FIGs 8B-8D) after 48 hours of co-culture
of expanded NK cells and EGFR+ MDA-MB-231 tumor cells at E:T ratios of 1:1 (FIGs 8A and 8C) and 1:5 (FIGs
8C and 8D The pro-IL-18 fusion proteins tested were FUSE556 (single armed anti-EGFR VHH 9G8-IgGl), and
FUSES516 (single armed anti-EGFR VHH 9G8-IgG1-pro-IL-18).

[061] Figure 9A-9B depicts the functional activity as it relates to pro-IL-18 fusion protein induced
Antibody Dependent Cellular Cytotoxicity (FIG. 9A) and IFNy release (FIG. 9B) after 48 hours of co-culture of
expanded NK cells and EGFR+ MDA-MB-231 tumor cells at E:T ratios of 2:1. The pro-IL-18 fusion protein tested
was FUSES555 (dual armed anti-EGFR Fab C225-IgG1-pro-IL-18), which was compared to cetuximab.

[062] Figure 10A-10B depicts the functional activity as it relates to pro-IL-18 fusion protein induced
Antibody Dependent Cellular Cytotoxicity (FIG. 10A) and IFNy release (FIG. 10B ) after 48 hours of co-culture of
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expanded NK cells and HER2+ T47D tumor cells at E:T ratios of 5:1. The pro-IL-18 fusion proteins tested were
FUSE624 (dual armed anti-HER2 Fab IgG1-pro-IL-18) and trastuzumab (Herceptin).

[063] Figure 11 (panels A-E) depicts exemplary fusion proteins in which the N-terminus of pro-IL-18 is
fused to the C-terminus of the knob of a knob-into-hole heterodimeric IgG1 protein; which has a structure from N- to
C-terminus comprising knobs-in-hole (KiH) Fc — propeptide (PP) — enterokinase-cleavable site (EK) — IL-18 wild type
or its variants. This depicts exemplary fusion proteins such as IDs: FUSE-480, FUSE-481, and FUSE-442 in Table
LA. Further modification was made to pro-IL-18 to reduce aggregation of the molecule, wherein each cysteine residue
in both the pro-peptide and mature IL-18 was replaced with serine (as in FUSE-480, denoted as “IL-18AS™), with
alanine (as in FUSE-481, denoted as “IL-18AA™), or with valine (as in FUSE-442, denoted as “IL-18AV™).
Altematively, the N-terminus of pro-IL-18 can be fused to the C-terminus of the hole chain of a KiH heterodimeric
IgGl1 proteins. The biological activity defined as the EC50-SEAP for each compound is shown in panel E.

[064] Figure 12 (panels A-E) depicts exemplary fusion proteins in which the N-terminal of pro IL-18 was
fused to the C-terminal of an IgG1 CH3 domain (which is also a knob chain of a knob-into-hole heterodimeric IgG1
protein as in Figure 1), and the pro IL-18 incorporated four amino acid substitutions hypothesized to reduce binding to
IL-18BP while maintaining wild type binding to the 1L-18 receptor complex, denoted as *“pro-IL-18mut2”. These
fusion proteins have a structure from N- to C-terminus comprising knobs-in-hole (KiH) Fc — propeptide (PP) —
enterokinase-cleavable site (EK) — IL-18mut2. Further modification was made to the pro-IL-18mut2 to reduce
aggregation of the molecule, whercin cach cysteine residuc in both the pro-peptide and mature IL-18mut2 was
substituted with serine (denoted as “IL-18mut2AS”, as in FUSE-422; panel B), with alanine (denoted as “IL-
18mut2AA”, as in FUSE-423; panel C), or with valine (denoted as “IL-18mut2A V™, as in FUSE-424: panel D). The
biological activity defined as the EC50-SEAP for cach compound is shown in panel E.

[065] Figure 13 (panels A-D) depicts exemplary fusion proteins with (panel A) or without (panel B) the
propeptide to examine the impact on masking of “IL-18AV™ biological activity (panel C), wherein Fc fusion variants
were generated incorporating “IL-18AV™ with the propeptide (panel A; FUSE-442) or without (panel B; FUSE-305)
the propeptide. The biological activity defined as the EC50-SEAP for each compound is shown in panel D.

[066] Figure 14 (pancls A-D) depicts exemplary fusion proteins with (panel A) or without (panel B) the
propeptide to examine the impact of propeptide on masking of “IL-18mut2AV” biological activity, wherein Fe fusion
variants were generated incorporating “IL-18mut2 AV without the propeptide (hence, a mature IL-18 with mutation,
denoted as “matIL-18mut2-AV?, see pancl B; FUSE-441) or with the propeptide (panel A; FUSE-424). For a fusion
protein devoid of the propeptide, the EK cleavage site that replaced the Caspase 1 site was moved to a position directly
in between the CH3 domain of the knob and the mature IL-18AV without the addition of a flexible linker. Panel C
depicts the activation readout using the HEK-Blue IL-18AV reporter cell assay following exposure to a titration of
FUSE-441 (Fc-EK-IL-18AV) or FUSE-424 (Fe-EKpp-IL-18AV) with or without treatment with EK. The biological
activity defined as the EC50-SEAP for each compound is shown in panel D.
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[067] Figurc 15 (pancls A-D) depicts cxemplary fusion proteins in which the N-terminus of pro-IL-18 is
fused to the C-terminus of IgG1 Fe protein or IgG4 Fc; which has a structure from N- to C-terminus comprising IgG1
Fe- propeptide (PP) - IL-18AV (FUSE-507; panel A) and IgG4 Fc- propeptide (PP) - IL-18AV (FUSE-509; panel B).
Panel C depicts the activation readout using the HEK-Blue IL-18AV reporter cell assay of exposing the cells to a
titration of FUSE-507 or FUSE-509 with or without treatment with EK. The biological activity defined as the EC50-
SEAP for each compound is shown in panel D.

[068] Figure 16 (panels A-E) depicts exemplary fusion proteins in which the N-terminus of pro-IL-18 is
fused to the C-terminus of HSA with or without the propeptide (PP). which has a structure from N- to C-terminus
comprising HSA- propeptide (PP) - IL-18AV (FUSE-501: panel A) and HSA- 1L-18AV (FUSE-503; panel B). Panels
C and D depict the activation readout. The biological activity defined as the EC50-SEAP for each compound is shown
in panel E.

[069] Figure 17 (panels A-E) depicts exemplary fusion proteins in which the N-terminus of pro-IL-18mut2
is fused to the C-terminus of HSA with or without the propeptide (PP); which has a structure from N- to C-terminus
comprising HSA- propeptide (PP) - IL-18mut2 AV (FUSE-502; panel A) and HSA- [L-18mut2 AV (FUSE-504; panel
B). Panels C and D depict the activation readout. The biological activity defined as the EC50-SEAP for each compound
is shown in panel E.

[070] Figure 18 (panels A-D) depicts exemplary fusion proteins in which the C-terminus of pro-IL-18 is
fused to the N-terminus of the knob of a knob-into-hole heterodimeric IgG1 protein with or without the propeptide
(PP); which has a structure from N- to C-terminus comprising propeptide (PP) - IL-18AV - knobs-in-hole (KiH) Fc
(FUSE-499; panel A) and IL-18AV - knobs-in-hole (KiH) F¢ (FUSE-500; panel B). Panel C depicts the activation
readout. The biological activity defined as the EC30-SEAP with or without exposure to Caspase 1 for each compound
is shown in panel D.

[071] Figure 19A-191 depicts exemplary fusion proteins with a structure from N- to C- terminus: Fc-
ppMMP2/9-cleavage sites-IL-18-AV (FUSE-486) or Fc-ppMMP9/2-cleavage sites-IL-18-AV (FUSE-487), in which
the cleavage sites are specific for the metalloproteases, MMP2 and MMP9, with preferred enzyme to the left of the
forward-slash, or FUSE-485 (Fc-GzmBpp-IL-18AV) and FUSE-462 (Fc-GzmBpp-IL-18mut2AV). Figure 19B
depicts the activation readout relating to FUSE-486 and FUSE-487, with or without MMP?2 treatment. The biological
activity defined as the EC50-SEAP for each of FUSE-486 and FUSE-487, with or without MMP?2 treatment, is shown
in figure 19B. FIG. 19C shows that FUSE587 was about 3,000-fold attenuated relative to recombinant human IL-18.
Interestingly, we observed that cleavage of FUSES87 with MMP2 released and IL-18AV variant that was still about
100-fold attenuated relative to recombinant IL-18. In contrast, cleavage with Granzyme B released an IL-18AV
variant with activity similar activity as recombinant IL-18. Cleavage with Granzyme B results in release of mature IL-
18AV without any N-terminal residues constituting an overhang, whereas 11 and 15 amino acid N-terminal

polypeptide overhangs remain after cleavage of FUSE486 and FUSE387, respectively, with MMP2. We speculated
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that these overhangs might be attenuating [L-18AV activity, albeit to a lesser degree than the full size varant
propeptide. This phenomenon was further investigated in FIG. 11 and FIG. 13. Figures 19D and 19G also depicts
exemplary fusion proteins with a structure from N- to C- terminus: Fc-ppGb-cleavage sites-IL-18-AV (FUSE-485;
19D) or Fe-ppGb-cleavage sites-IL-18mut2-AV (FUSE-462; 19D) or Fab-Cetuximab-Fc-ppGb-cleavage sites-IL-18-
AV (FUSE-517; 19G), in which the cleavage site is specific for granzyme B (Gb). Figure 19 E depicts the activation
readout relating to FUSE-462 and FUSE-485, with or without granzyme B treatment. Figure 19F shows the biological
activity defined as the EC50-SEAP for each of FUSE-462 and FUSE-485, with or without granzyme B treatment.
Figure 19H depicts the activation readout relating to FUSE-517, with or without enzyme treatment. Figure 191 shows
the biological activity defined as the EC50-SEAP for FUSE-517, with or without granzyme B treatment.

[072] Figure 20 (panels A-G) depicts the impact of IL-18BP on the biological activity of recombinant
human IL-18 (thIL-18) and the EK cleavage products of the exemplary fusion proteins, Fe-ppEK-IL-18-AV (FUSE-
442) and Fe-ppEK-IL-18mut2AV (FUSE-424). The biological activity defined as the EC50-SEAP for each compound
with and without the addition of IL-18BP (competition assay) is shown in panels B, D and F, with corresponding
biological activity defined as the EC50-SEAP shown in panels C, E, and G, respectively.

[073] Figure 21 A depicts diagrams of exemplary fusion proteins in which the C-terminus of pro-IL-18 is
fused to the N-terminus of the knob of a knob-into-hole heterodimeric IgG1 protein with different size polypeptides
fused to the N-terminus of mature IL-18. Figure 21B depicts the biological activity of each fusion protein using the IL-
18 reporter ccll linc, HEK-Bluc IL-18.

[074] Figure 22A, 22B(i), 22B(ii), 22C. 22D(i), 22D(ii) and 22E depict human IL-18 engineered mutant
fusion proteins in accordance with various embodiments of the invention.

[075] Figure 23 shows the impact of the size of polypeptides fused to the N-terminus of mature IL-18 on
the biological activity of a single IL-18AV fused to the N-terminus of IgG1 Fc.

[076] Figure 24A-24H shows the impact of the substituting the cysteine residue in the pro-peptide and
cysteine residues in the mature IL 18, which were fused together to form the pro-IL-18 variant cassette, on the biological
activity of each variant using the HEK Blue IL18 assay system.

[077] Figure 25A-25B shows the impact of targeting pro-IL18 to within close proximity of its receptor
complex (i.e., “cis activity”).

[078] Figure 26 shows the assessment of the capacity of an anti-PDL1 antibody incorporating a pro-IL-
18amut? variant, designed so that it cannot be cleaved by Granzyme B, to induce T cell mediated [FNy release. A
summary table of EC50, Emax and AUC (area under the curve) is shown beneath of x-y plot.

[079] Figurc 27A-27B shows the asscssment of the capacity of an anti-PD1 antibody, incorporating onc of
two pro-IL-18 variants (pro-IL18amut2 or pro-IL18amut9), designed so that it cannot be cleaved by Granzyme B, to
mnduce T cell mediated tumor cell killing (FIG. 27A) and IFNy release (FIG. 27B). A summary table of EC50, Emax

and AUC (area under the curve) is shown beneath each x-y plot.
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[080] Figurc 28 shows the capacity of scveral IL-18 variants to induce non-targeted trans bascd relcasc of
SEAP from HEK-Blue-IL-18.

[081] Figure 29A-29B shows the capacity of several IL-18 variants targeted to human PD-1 to induce cis
based release of IFNy from human PBMC derived from a healthy human donor (FIG. 29A) or human T cells (FIG.
29B).

[082] Figure 30A-30B shows the capacity of an exemplary IL-18 variant targeted to mouse PD-1 to
mediate tumor growth inhibition of an aggressive syngeneic melanoma tumor in a fully immunocompetent mouse
tumor model.

[083] Figure 30C show the number of different lymphocyte subsets per gram of tumor was assessed from

tumor bearing mice treated with PBS (light grey). anti-PD1 (black), and Fusc1113 (horizontal lincs).

[084] Figure 30D depicts the frequency of total myeloid cells (CD11b+ cells), M2 macrophages (CD11b+
F4-80+ CD11¢-CD206+ cells) and the ratios of CD8+ T cells to total Myeloid Derived Suppressor Cells (MDSC:
CD11b+ Ly6C+ Ly6G- [M-MDSC] and CD11b+ Ly6C-mid Ly6G+ [G-MDSC]) , CD8+ T cells to M2 macrophages,
anti-PD-1 responsive CD8+ T cells to MDSC, and CD8+ T cells to CD4+ T cells.

[085] Figure 31A-31B shows the capacity of an exemplary IL-18 variant targeted to mouse PD-1 to
mediate tumor growth inhibition in a syngeneic colorectal cancer tumor in a fully immunocompetent mouse tumor
model.

[086] Figure 32A-32B shows he capacity of an exemplary IL-18 variant targeted to mouse PD-1 to mediate
tumor growth inhibition in a syngeneic rapidly growing colorectal cancer tumor in a fully immunocompetent mouse
tumor modcl.

[087] Figure 33A shows C57BL/6 mice injected subcutaneously with MC38i. Serum was collected at O,
24, 72 and 144 hours after the Day 0 treatment and mouse IFNy measured.

[088] Figure 33B shows C57BL/6 mice that harbored MC38i tumors and experienced a CR following
treatment with «PD1-HT18cis or aPD-1-IL-18 were re-challenged with MC38i after 90 days.

[089] Figure 34 shows BALB/c mice that harbored CT26.C tumors and experienced a CR following

treatment with aPD1-HT18cis were rechallenged with CT26.C after 65 days on the left flank and parental CT26 after
70 days on the right flank. As a means of comparison, a group of 5 naive mice were subjected to the equivalent tumor
inoculation.

[090] Figurc 35 shows C57BL/6 micc were mnjected subcutancously with B16-F10R. When mean tumor
volume ranged between 75-100 mm3, mice were randomized into groups of 5 and treated with PBS, oPD-1, aPD1-
HT18cis on Days 0, 3 and 6 at 15mg/kg. Mice that experienced a CR following treatment with aPD1-HT18cis were
rechallenged with B16-F10 after 60 days.

[091] Figure 36 shows C57BL/6 mice harboring B16-F10R tumors were treated on Days 0 and 3. Mice

were euthanized on Day 5, tumors collected and dispersed into singe cell suspensions for flow cytometric assessment
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of TIL (CD45+ cells). TEM and TCM were defined CD44+/CD62L- and CD44+/CD62L-, respectively within the
CD8+ pool. aPD-1 responsive CD8+ T cells were defined as PD1+/TCF1+ cells within the CD8+ pool.

[092] Figure 37 shows C57BL/6 mice harboring B16-F10R tumors were treated on Days 0 and 3. Mice
were euthanized on Day 3, tumors collected and dispersed into singe cell suspensions for flow cytometric assessment
of TIL (CD45+ cells). All myeloid subsets were gated on CD11b. Within that pool, MDSC were defined as
Ly6G+/Ly6Cmid+Ly6G-/Ly6Chigh and M2 macrophages as F480+/CD206+.

DESCRIPTION OF THE INVENTION
[093] All references cited herein are incorporated by reference in their entirety as though fully set forth.
Unless defined otherwise, technical and scientific terms used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention belongs. Singleton et al., Dictionary of Microbiology and
Molecular Biology 3 ed., Revised, J. Wiley & Sons (New York, NY 2006); March, Advanced Organic Chemistry
Reactions, Mechanisms and Structure 7" ed., J. Wiley & Sons (New York, NY 2013); and Sambrook and Russel,
Molecular Cloning: A Laboratory Manual 4" ed., Cold Spring Harbor Laboratory Press (Cold Spring Harbor, NY
2012). provide one skilled in the art with a general guide to many of the terms used in the present application. For
references on how to prepare antibodies, see D. Lane, Antibodies: A Laboratory Manual 2™ ed. (Cold Spring Harbor
Press, Cold Spring Harbor NY, 2013); Kohler and Milstein, (1976) Eur. J. Immunol. 6: 511; Queen et al. U. S. Patent
No. 5,585,089; and Ricchmann ct al., Naturc 332: 323 (1988); U.S. Pat. No. 4,946,778 Bird, Scicnce 242:423-42
(1988); Huston ef al., Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988); Ward er al., Nature 334:544-54 (1989),
Tomlinson I. and Holliger P. (2000) Methods Enzymol, 326, 461-479; Holliger P. (2005) Nat. Biotechnol.
Sep:23(9):1126-36).
[094] One skilled in the art will recognize many methods and materials similar or equivalent to those
described herein, which could be used in the practice of the present invention. Indeed, the present invention is in no
way limited to the methods and materials described. For purposes of the present invention, the following terms are
defined below.
[095] As used herein the term “about” or “approximately” when used in connection with a referenced
numeric indication means the referenced numeric indication plus or minus up to 3% of that referenced numeric
indication, unless otherwise specifically provided for herein. For example, the language “about 350%™ covers the range
of 45% to 55%. In various embodiments, the term “about” when used in connection with a referenced numeric
indication can mean the referenced numeric indication plus or minus up to 4%, 3%, 2%, 1%, 0.5%, or 0.25% of that
referenced numeric indication, if specifically provided for in the claims.
[096] As used herein the term “immunoglobulin heavy chain constant region” is used interchangeably with
the term “Fc region” and is understood to mean the carboxyl-terminal portion of an immunoglobulin heavy chain

constant region, or an analog or portion thereof capable of binding an Fc receptor. Each immunoglobulin heavy chain
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constant region comprises four or five domains. The domains are named sequentially as follows: CH1-hinge-CH2-
CH3(-CH4). CH4 is present in IgM, which has no hinge region. The immunoglobulin heavy chain constant region
suitable for the invention preferably comprises an immunoglobulin hinge region, and preferably also includes a CH3
domain. The immunoglobulin heavy chain constant region most preferably comprises an immunoglobulin hinge
region, a CH2 domain and a CH3 domain.

[097] As used herein, the term immunoglobulin “hinge region” is understood to mean an entire
immunoglobulin hinge region or at least a portion of the immunoglobulin hinge region sufficient to form one or more
disulfide bonds with a second immunoglobulin hinge region.

[098] As used herein, the term “vector” is understood to mean any nucleic acid comprising a nucleotide
sequence competent to be incorporated into a host cell and to be recombined with and integrated into the host cell
genome, or to replicate autonomously as an episome. Such vectors include linear nucleic acids, plasmids, phagemids,
cosmids, RNA vectors, viral vectors and the like. Non-limiting examples of a viral vector include a retrovirus, an
adenovirus and an adeno-associated virus.

[099] As used herein, the term “gene expression” or “expression” of a fusion protein, is understood to mean
the transcription of a DNA sequence, translation of the mRNA transcript, and secretion of a fusion protein product. In
some embodiments, the expression process also includes or is followed by purification; for example, protein A affinity
chromatography or other means such as size exclusion chromatography can be used for purification.

[0100] As used herein, the term “cis” in the context of interactions refers to the interaction between two
molecules on the same cell, such as proteins expressed on the same cell. A nonlimiting example is the interaction
between B7-1 and PD-L1. “Cis™ interaction as used herein also includes multispecific proteins that bind two proteins
on the same cell simultaneously.

[0101] As used herein, the term “trans™ in the context of interactions refers to the interaction between two
molecules on different cells, such as proteins on different cells. A nonlimiting example is the interaction between the
prototypical interaction of the T cell Receptor (TCR) and its ligand, an MHC-I/peptide complex. *“Trans™ interaction
as used herein also include multispecific proteins that bind one protein on one cell and a second protein on a separate
cell; hence a “bridge” would be considered as occurring in trans. Also included as a “trans™ interaction is an interaction
between a soluble protein and a cell surface protein, although not forming a cellular bridge.

[0102] As used herein, “IL-18 fusion protein” refers to a fusion protein that includes wild-type IL-18 or IL-
18 variants, unless specifically noted as only including the wild-type IL-18, or only including the IL-18 variant. Thus,
in particular embodiments, the “[L-18 fusion protein” only includes any one of the 1L-18 variants as described herein.
[0103] The term “linker” with respect to amino acid linker in a polypeptide can be a short peptide. Examples
of these short peptides include but are not limited to a dimer of two amino acids, a tri-mer of three amino acids, a 4-
mer of four amino acids, a 5-mer of five amino acids, or a peptide selected from the group consisting of T, PT, MPT,
S, GS, GGS, GGGS (SEQ ID NO:235), and (GGGGXy. (SEQ ID NO:236)), wherein X, is Q, A, E or S and n=1-5 or
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an integer larger than 5. In some embodiments, the amino acid linker has the amino acid sequence of (GGGGS (SEQ
ID NO:237))n where n is an integer between 1 and 5, thereby an amino acid linker of 25 amino acids or shorter in
length. Additional examples include (X,GGGG (SEQ ID NO:317)), wherein X, is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX, GGG (SEQ ID NO:318)), wherein X;, 1s Q. A, E or S and n=1-5 or in
some embodiments, an integer larger than 5, (GGX,.GG (SEQ ID NO:319)), wherein Xy is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 5, (GGGX:G (SEQ ID NO:320)), wherein X, is Q, A, E or S and n=1-5
or in some embodiments, an integer larger than 5. Still additional examples include (X,GGG)n wherein Xy is Q, A, E
or S and n=1-5 or in some embodiments, an integer larger than 5, (GX,GG), wherein Xy, is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 3, (GGX,G), wherein X, is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GGGX; ), wherein X3 is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 3. Still additional examples include (X, GG), wherein X; is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX,G), wherein X;, is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5, (GGX), wherein X;.is Q, A, E or S and n=1-5 or in some embodiments. Still additional examples
include (X;G), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GX), wherein
X is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5. In some embodiments, the amino acid
linker is an 1L-18 propeptide or IL-18 propeptide variant. In some embodiments, the amino acid linker is a fragment
of an IL-18 propeptide or IL-18 propeptide variant; for example, about 30-36 amino acids in length, about 5-10, 11-
20, 21-30, or 31-40 amino acids in length. As further examples, the linker can be a short polypeptide of 2, 3, or 4 amino
acids in length, or flexible linkers or amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-25, 26-30 amino acids. As further
examples, the short polvpeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5, 6, 7, 8, 9, 10,

11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or 35 amino acids.

[0104] This invention relates to the applications of TL-18 fusion proteins. This includes antibody and
antibody-like fusion proteins that are targeted to proteins expressed on immune cells (e.g., NK cells, T cells,
neutrophils, mast cells), tumor cells and/or cells in the tumor microenvironment. The fusion protein incorporates an
IL-18 or IL-18 variant with reduced binding affinity for its natural antagonist, IL-18-Binding-Protein, while
maintaining the binding affinity to its receptor. The activity of the IL-18 variant may be attenuated or masked such that
it has little to no activity in trans but can still bind to and activate the IL-18 receptor complex (RC) in cis. That is, when
the attenuated or masked variant of IL-18 is fused to a protein that delivers the aforementioned protein to another
protein on the same cell surface as the IL-18 RC, the context of being in close proximity allows for the cytokine to
transmit a signal.

[0105] In addition, release of the mask is mediated by proteases for which the cleavage sites are added in a
linker between IL-18 and another domain of the fusion protein. Protease sites include metalloproteases expressed in
the tumor microenvironment and/or granzymes released by cytotoxic immune cells. Masked IL-18 fusion proteins

incorporating a granzyme cleavage site in the linker sequence that are targeted to both tumor(s) and an activation
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receptor on immune cell(s) can be used to treat cancer. The bridge formed by the IL-18 fusion protein between the
tumor and immune activation receptor induces release of granzymes with the capacity to not only kill tumor cells but
also release fully active IL-18 or the IL-18 variant that is fully functional in trans. As such, depending on context,
masked IL-18 fusion proteins have the capacity to function in cis and trans. Since IL-18 or the IL-18 variant activates
the targeted immune cells to proliferate, become more cytotoxic and produce more granzymes (see ¢.g., El-Darawish
etal., J. Leukoc. Biol. 2018), a positive feedback loop can ensue. Thus, a greater number of more cytotoxic immune
cells become available for bridging. These immune cells have a greater capacity to kill tumors and release a larger
amount of granzymes and IL-18 or IL-18 variant to further amplify the response. Release of IL-18 or the IL-18 variant
would be expected to be most efficient within the immune cell/tumor cell synapse because masked IL-18 localizes in
this space and degranulation occurs in the same synapse.

[0106] Tumor reactive pathways can be directly built into the IL-18 fusion protein and include Antibody
Dependent Cellular Cytotoxicity (ADCC), activation receptor mediated redirected cytotoxicity, co-stimulation and
immune checkpoint blockade. IL-18 can also support additional innate and adaptive tumor specific immune responses
including antigen presentation by dendrtic cells, survival of tumor reactive NK cells and T cells
(jlb.onlinelibrary wiley.com/doi/full/10.1002/JLB.1HI1017-396RR), reduction in collagen deposition into the
extracellular ~ space  (pubmed.ncbinlm nih.gov/19865096) and  support of immune  memory
(www.ncbi.nlm.nih.gov/pmc/articles/PMC2408965).

Methods of using the fusion protein.

[0107] Various embodiments of the invention provide for a method of treating cancer in a subject in need
thereof, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises
a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment thereof; and
an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein the IL-18,
the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the fusion
protein relative to the first polypeptide or protein capable of translocating into the ER. In various embodiments, the
fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or
a fragment thereof. and an IL-18 variant. In various embodiments, the first polypeptide is not the wild-type IL-18
propeptide. In various embodiments, the protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the method further comprises
administering an immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is immune check
point inhibitor. In various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.
[0108] Various embodiments of the invention provide for a method of treating cancer in a subject in need
thereof, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises

(1) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein capable of
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translocating into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to translocate
into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of
such an engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein comprises (i) an
IL-18 variant and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic
or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of signal
peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. Preferably,
the protein capable of translocating into an ER has an amino acid sequence which initiates transport of a protein (e.g.,
the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the endoplasmic reticulum. In
various embodiments, the fusion protein comprises further an amino acid linker. For example, the amino acid linker
can be between (a) the protein capable of translocating into an endoplasmic reticulum (ER) and (b) the propeptide (or
variant) or IL-18 (or variant). Additional details of the fusion proteins are provided herein. In various embodiments,
the method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0109] Various embodiments of the invention provide for amethod of activating an IL-18 receptor complex
(RC) signal on a cell, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein
comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment
thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein
the IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the
fusion protein relative to the first polypeptide or protein capable of translocating into the ER. In various embodiments,
the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER)
or a fragment thereof; and an [L-18 variant. In various embodiments, the first polypeptide is not the wild-type IL-18
propeptide. In various embodiments, the protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the subject has or is suspected to have
cancer, or wherein the subject has one or more symptoms of cancer. In various embodiments, the method further
comprises administering an immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is
immune check point inhibitor. In various embodiments, the immunotherapeutic agent comprises an agent selected
from Table 5.

[0110] Various embodiments of the invention provide for a method of activating an IL-18 receptor complex
(RC) signal on a cell, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein
comprises (i) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (i1) a first protein
capable of translocating into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to
translocate into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-
terminus of such an engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein

comprises (1) an [L-18 variant and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER)
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including a cytosolic or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of
addition of signal peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said
proteins. Preferably, the protein capable of translocating into an ER has an amino acid sequence which initiates
transport of a protein (e.g., the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the
endoplasmic reticulum. In various embodiments, the fusion protein comprises further an amino acid linker. For
example, the amino acid linker can be between (a) the protein capable of translocating into an endoplasmic reticulum
(ER) and (b) the propeptide (or variant) or IL-18 (or variant). Additional details of the fusion proteins are provided
herein. In various embodiments, the method further comprises administering an immunotherapeutic agent. In various
embodiments, the immunotherapeutic agent is immune check point inhibitor. In various embodiments, the
immunotherapeutic agent comprises an agent selected from Table 3.

[0111] Various embodiments of the invention provide for a method of releasing or exposing mature IL-18
in a tumor microenvironment or adjacent to a tumor, comprising: administering a fusion protein to a subject in need
thereof, wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic
reticulum (ER) or a fragment thereof’ and an interleukin 18 (IL-18), a fragment of 1L-18, an IL-18 vanant, or a fragment
of the IL-18 variant. In various embodiments, the first polypeptide is not the wild-type IL-18 propeptide, wherein the
IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the
fusion protein relative to the first polvpeptide or protein capable of translocating into the ER. In various embodiments,
the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER)
or a fragment thereof, and an IL-18 variant. In various embodiments, the protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the
subject has or is suspected to have cancer, or wherein the subject has one or more symptoms of cancer. In various
embodiments, the method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0112] Various embodiments of the invention provide for a method of releasing or exposing mature IL-18
in a tumor microenvironment or adjacent to a tumor, comprising: administering a fusion protein to a subject in need
thereof, wherein the fusion protein comprises (i) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the
IL-18 variant, and (i1) a first protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic
or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of signal
peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. In various
embodiments, the fusion protein comprises (i) an IL-18 vanant and (ii) a first protein capable of translocating into an
endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to translocate into an endoplasmic
reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of such an engineered
protein, or a fragment of said proteins. Preferably, the protein capable of translocating into an ER has an amino acid

sequence which initiates transport of a protein (e.g., the IL-18 or its fragment, variant, or a fragment of its variant)
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across the membrane of the endoplasmic reticulum. In various embodiments, the fusion protein comprises further an
amino acid linker. For example, the amino acid linker can be between (a) the protein capable of translocating into an
endoplasmic reticulum (ER) and (b) the propeptide (or variant) or [L-18 (or variant). Additional details of the fusion
proteins are provided herein. In various embodiments, the method further comprises administering an
immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is immune check point inhibitor. In
various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.

[0113] Various embodiments of the invention provide for a method of increasing activity, persistence and
immune memory of CD8" T cells, CD4+ T cells, or y8 T cells, comprising administering a fusion protein to a subject
in need thereof, wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof: and an interleukin 18 (IL-18), a fragment of IL-18, an IL.-18 variant,
or a fragment of the IL-18 variant, wherein the IL-18, the fragment of TL-18, the IL-18 variant, or the fragment of the
IL-18 variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein capable of
translocating into the ER. In various embodiments, the fusion protein comprises a first polypeptide or protein capable
of translocating into an endoplasmic reticulum (ER) or a fragment thercof. and an IL-18 variant. In various
embodiments, the first polypeptide is not the wild-type IL-18 propeptide. In various embodiments, the protein capable
of translocating into an endoplasmic reticulum (ER) or a fragment thereof is not the wild-type IL-18 propeptide. In
various embodiments, the subject has or is suspected to have cancer, or wherein the subject has one or more symptoms
of cancer. In various embodiments, the method further comprises administering an immunotherapeutic agent. In
various embodiments, the immunotherapeutic agent is immune check point inhibitor. In various embodiments, the
immunotherapeutic agent comprises an agent selected from Table 5.

[0114] Various embodiments of the invention provide for a method of increasing activity, persistence and
immune memory of CD8" T cells, CD4+ T cells, or y8 T cells, comprising: administering a fusion protein to a subject
in need thereof, wherein the fusion protein comprises (i) an IL-18, a fragment of IL-18, an [L-18 variant, or a fragment
of the IL-18 variant, and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER) including a
cytosolic or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of
signal peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. In
various embodiments, the fusion protein comprises (i) an [L-18 variant and (i1) a first protein capable of translocating
into an cndoplasmic rcticulum (ER) including a cytosolic or nuclcar protcin cnginccred to translocatc into an
endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of such an
engineered protein, or a fragment of said proteins. Preferably, the protein capable of translocating into an ER has an
amino acid sequence which initiates transport of a protein (¢.g., the IL-18 or its fragment, variant, or a fragment of its
variant) across the membrane of the endoplasmic reticulum. In various embodiments, the fusion protein comprises
further an amino acid linker. For example, the amino acid linker can be between (a) the protein capable of translocating
into an endoplasmic rcticulum (ER) and (b) the propeptide (or variant) or IL-18 (or variant). Additional details of the

19



WO 2024/229117 PCT/US2024/027248

fusion proteins are provided herein. In various embodiments, the method further comprises administering an
immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is immune check point inhibitor. In
various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.

[0115] Various embodiments of the invention provide for a method of reducing collagen deposition into
extracellular space, comprising administering a fusion protein to a subject in need thereof, wherein the fusion protein
comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment
thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant. In
various embodiments, the first polypeptide is not the wild-type IL-18 propeptide, wherein the IL-18, the fragment of
IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the fusion protein relative to
the first polypeptide or protein capable of translocating into the ER. In various embodiments, the fusion protein
comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment
thereof, and an IL-18 variant. In various embodiments, the protein capable of translocating into an endoplasmic
reticulum (ER) or a fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the subject has
or is suspected to have fibrosis, or the subject has one or more symptoms of fibrosis. In various embodiments, the
method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0116] Various cmbodiments of the invention provide for a method of reducing collagen deposition into
extracellular space, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein
comprises (i) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein
capable of translocating into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to
translocate into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-
terminus of such an engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein
comprises (1) an [L-18 variant and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER)
including a cytosolic or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of
addition of signal peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said
proteins. Preferably, the protein capable of translocating into an ER has an amino acid sequence which initiates
transport of a protein (e.g., the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the
endoplasmic reticulum. In various embodiments, the fusion protein comprises further an amino acid linker. For
example, the amino acid linker can be between (a) the protein capable of translocating into an endoplasmic reticulum
(ER) and (b) the propeptide (or variant) or IL-18 (or variant). Additional details of the fusion proteins are provided
herein. In various embodiments, the method further comprises administering an immunotherapeutic agent. In various
embodiments, the immunotherapeutic agent is immune check point inhibitor. In various embodiments, the

immunotherapeutic agent comprises an agent selected from Table 5.
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[0117] Many tumors, such as pancreatic cancer, arc highly fibrotic. It is very difficult for lymphocytes to
enter these tumors. Therefore, a therapeutic that can suspend or reduce tumor fibrosis can aid in the infiltration of
lymphocytes into the tumor microenvironment. IL-18 has been reported to block collagen formation by fibroblasts and
participate in the reduction of fibrosis. TGF beta is the strongest cytokine mediator of fibrosis and IL-18 can antagonize
such activity. TGF beta is a key tumor immunosuppressive factor. Interestingly, Discoidin Domain Receptor (DDR1),
often expressed on tumor cells recognizes collagen. It is known to contribute to tumor lymphocyte exclusion by
collagen fiber alignment. It has also recently been shown to inhibit IL-18 synthesis and upregulate PDL1.

[0118] Accordingly, various embodiments of the invention provide for a method of treating tumor related
fibrosis, comprising administering a fusion protein to a subject in need thereof. wherein the fusion protein comprises
a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment thereof; and
an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein the IL-18,
the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the fusion
protein relative to the first polypeptide or protein capable of translocating into the ER. In various embodiments, the
fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or
a fragment thereof: and an [L-18 variant. In various embodiments, the first polypeptide is not the wild-type 1L-18
propeptide. In various embodiments, the protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the method further comprises
administering an immunothcrapeutic agent. In various cmbodiments, the immunotherapeutic agent is immune check
point inhibitor. In various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.
[0119] Various embodiments of the invention provide for a method of treating tumor related fibrosis,
comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises (i) an IL-
18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein capable of
translocating into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to translocate
into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of
such an engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein comprises (1) an
IL-18 variant and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic
or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of signal
peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. Preferably,
the protein capable of translocating into an ER has an amino acid sequence which initiates transport of a protein (e.g.,
the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the endoplasmic reticulum. In
various embodiments, the fusion protein comprises further an amino acid linker. For example, the amino acid linker
can be between (a) the protein capable of translocating into an endoplasmic reticulum (ER) and (b) the propeptide (or
variant) or [L-18 (or variant). Additional details of the fusion proteins are provided herein. In various embodiments,

the method further comprises administering an immunotherapeutic agent. In various embodiments, the
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immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 3.

[0120] Various embodiments of the invention provide for a method of reducing or inhibiting fibrosis in a
tissue, comprising administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises a
first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a fragment thereof, and an
interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein the IL-18, the
fragment of IL-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-terminus end of the fusion protein
relative to the first polypeptide or protein capable of translocating into the ER. In varnious embodiments, the fusion
protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof, and an IL-18 variant. In various embodiments, the first polypeptide is not the wild-type IL-18
propeptide. In various embodiments, the protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the method further comprises
administering an immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is immune check
point inhibitor. In various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.
[0121] Various embodiments of the invention provide for a method of reducing or inhibiting fibrosis in a
tissue, comprising: administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises
(1) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein capable of
translocating into an cndoplasmic reticulum (ER) including a cytosolic or nuclear protein enginccred to translocate
into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of
such an engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein comprises (i) an
IL-18 variant and (ii) a first protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic
or nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of signal
peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. Preferably,
the protein capable of translocating into an ER has an amino acid sequence which initiates transport of a protein (¢.g.,
the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the endoplasmic reticulum. In
various embodiments, the fusion protein comprises further an amino acid linker. For example, the amino acid linker
can be between (a) the protein capable of translocating into an endoplasmic reticulum (ER) and (b) the propeptide (or
variant) or IL-18 (or variant). Additional details of the fusion proteins are provided herein. In various embodiments,
the method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0122] In some embodiments. the fibrosis is in a tumor tissue, and hence a method of reducing or inhibiting
fibrosis in a tumor tissue is provided, which includes administering a fusion protein to a subject in need thereof, wherein

the fusion protein comprises a first polypeptide or protein capable of translocating into an endoplasmic reticulum (ER)
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or a fragment thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18
variant, wherein the IL-18, the fragment of [L-18, the IL-18 variant, or the fragment of the IL-18 variant is on the C-
terminus end of the fusion protein relative to the first polypeptide or protein capable of translocating into the ER. In
various embodiments, the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof. and an IL-18 variant. In various embodiments, the first polypeptide
is not the wild-type IL-18 propeptide. In various embodiments, the protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof is not the wild-type IL-18 propeptide. In various embodiments, the
method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0123] In some embodiments, a method of reducing or inhibiting fibrosis in a tumor tissue comprises:
administering a fusion protein to a subject in need thereof, wherein the fusion protein comprises (i) an IL-18, a
fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein capable of translocating
into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to translocate into an
endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of such an
engineered protein, or a fragment of said proteins. In various embodiments, the fusion protein comprises (i) an IL-18
variant and (it) a first protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic or
nuclear protein engineered to translocate into an endoplasmic reticulum (ER) by means of addition of signal
peptide/leader sequence onto the N-terminus of such an engineered protein, or a fragment of said proteins. Preferably,
the protein capable of translocating into an ER has an amino acid sequence which initiates transport of a protein (e.g.,
the IL-18 or its fragment, variant, or a fragment of its variant) across the membrane of the endoplasmic reticulum. In
various embodiments, the fusion protein comprises further an amino acid linker. For example, the amino acid linker
can be between (a) the protein capable of translocating into an endoplasmic reticulum (ER) and (b) the propeptide (or
variant) or IL-18 (or variant). Additional details of the fusion proteins are provided herein. In various embodiments,
the method further comprises administering an immunotherapeutic agent. In various embodiments, the
immunotherapeutic agent is immune check point inhibitor. In various embodiments, the immunotherapeutic agent
comprises an agent selected from Table 5.

[0124] In some embodiments, the fibrosis is in a tumor tissue expressing discoidin domain receptor (DDR1),
and hence a method of reducing fibrosis in a DDR 1+ tumor is provided, which includes administering a fusion protein
to a subject in need thereof, wherein the fusion protein comprises a first polypeptide or protein capable of translocating
into an endoplasmic reticulum (ER) or a fragment thereof, and an interleukin 18 (IL-18), a fragment of IL-18, an IL-
18 variant, or a fragment of the 1L-18 variant, wherein the IL-18, the fragment of IL-18, the IL-18 variant, or the
fragment of the IL-18 variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein
capable of translocating into the ER. In various embodiments, the fusion protein comprises a first polypeptide or protein

capable of translocating into an endoplasmic reticulum (ER) or a fragment thereof; and an IL-18 variant. In various
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embodiments, the first polypeptide is not the wild-type IL-18 propeptide. In various embodiments, the protein capable
of translocating into an endoplasmic reticulum (ER) or a fragment thereof is not the wild-type IL-18 propeptide. In
various embodiments, the method further comprises administering an immunotherapeutic agent. In various
embodiments, the immunotherapeutic agent is immune check point inhibitor.

[0125] In some embodiments, a method of reducing fibrosis in a DDR 1+ tumor comprises: administering a
fusion protein to a subject in need thereof, wherein the fusion protein comprises (i) an IL-18, a fragment of IL-18, an
IL-18 variant, or a fragment of the IL-18 variant, and (i1) a first protein capable of translocating into an endoplasmic
reticulum (ER) including a cytosolic or nuclear protein engineered to translocate into an endoplasmic reticulum (ER)
by means of addition of signal peptide/leader sequence onto the N-terminus of such an engineered protein, or a
fragment of said proteins. In various embodiments, the fusion protein comprises (1) an IL-18 variant and (i) a first
protein capable of translocating into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered
to translocate into an endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-
terminus of such an engineered protein, or a fragment of said proteins. Preferably, the protein capable of translocating
into an ER has an amino acid sequence which initiates transport of a protein (e.g., the IL-18 or its fragment, variant, or
a fragment of its variant) across the membrane of the endoplasmic reticulum. In various embodiments, the fusion
protein comprises further an amino acid linker. For example, the amino acid linker can be between (a) the protein
capable of translocating into an endoplasmic reticulum (ER) and (b) the propeptide (or variant) or IL-18 (or variant).
Additional details of the fusion proteins are provided herein. In various embodiments, the method further comprises
administering an immunotherapeutic agent. In various embodiments, the immunotherapeutic agent is immune check
point inhibitor. In various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.
[0126] Examples of immune check point inhibitors used in accordance with these methods include but are
not limited to pembrolizumab, nivolumab, pidilizumab, AMP-514, spartalizumab, cemiplimab, AK105, BCD-100, BI
754091, JS001, LZMO009, MGAO012, Sym021, TSR-042, MGDO013, AK104, XmAb20717, tislelizumab, and PF-
06801591.

[0127] In various embodiments, the immunotherapeutic agent comprises an agent selected from Table 5.
[0128] The fusion proteins in accordance with various embodiments of methods of using the fusion proteins
are further described herein. Thus, in various embodiments, the method of using the fusion proteins described above

utilizes the fusion proteins described in more detail herein.

[0129] In various embodiments, the fusion proteins according to the invention are in pharmaceutical
compositions formulated for delivery via any route of administration. “Route of administration” may refer to any
administration pathway known in the art, including but not limited to acrosol, nasal, oral, transmucosal, transdermal or
parenteral. “Transdermal” administration may be accomplished using a topical cream or ointment or by means of a

transdermal patch. “Parenteral” refers to a route of administration that is generally associated with injection, including
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intraorbital, infusion, intraartenal, intracapsular, intracardiac, intradermal, intramuscular, intraperitoneal,
intrapulmonary, intraspinal, intrasternal, intrathecal, intrauterine, intravenous, subarachnoid, subcapsular,
subcutaneous, transmucosal, or transtracheal. Via the parenteral route, the compositions may be in the form of
solutions or suspensions for infusion or for injection, or as lyophilized powders. Via the enteral route, the
pharmaceutical compositions can be in the form of tablets, gel capsules, sugar-coated tablets, syrups, suspensions,
solutions, powders, granules, emulsions, microspheres or nanospheres or lipid vesicles or polymer vesicles allowing
controlled release. Via the parenteral route, the compositions may be in the form of solutions or suspensions for
infusion or for injection. Via the topical route, the pharmaceutical compositions based on compounds according to the
invention may be formulated for treating the skin and mucous membranes and are in the form of ointments, creams,
milks, salves, powders, impregnated pads, solutions, gels, sprays, lotions or suspensions. They can also be in the form
of microspheres or nanospheres or lipid vesicles or polymer vesicles or polymer patches and hydrogels allowing
controlled release. These topical-route compositions can be either in anhydrous form or in aqueous form depending on
the clinical indication. Via the ocular route, they may be in the form of eye drops.

[0130] The pharmaceutical compositions according to the invention can also contain any pharmaceutically
acceptable carrier. “Pharmaceutically acceptable carrier” as used herein refers to a pharmaceutically acceptable
material, composition, or vehicle that is involved in carrying or transporting a compound of interest from one tissue,
organ, or portion of the body to another tissue, organ, or portion of the body. For example, the carrier may be a liquid
or solid filler, diluent, excipient, solvent, or encapsulating material, or a combination thereof. Each component of the
carrier must be “pharmaceutically acceptable™ in that it must be compatible with the other ingredients of the
formulation. It must also be suitable for use in contact with any tissues or organs with which it may come in contact,
meaning that it must not carry a risk of toxicity, irritation, allergic response, immunogenicity, or any other complication
that excessively outweighs its therapeutic benefits.

[0131] The pharmaceutical compositions according to the invention can also be encapsulated, tableted or
prepared in an emulsion or syrup for oral administration. Pharmaceutically acceptable solid or liquid carriers may be
added to enhance or stabilize the composition, or to facilitate preparation of the composition. Liquid carriers include
syrup, peanut oil, olive oil, glycerin, saline, alcohols and water. Solid carriers include starch, lactose, calcium sulfate,
dihydrate, terra alba, magnesium stearate or stearic acid, tale, pectin, acacia, agar or gelatin. The carrier may also
include a sustained release material such as glyceryl monostearate or glyceryl distearate, alone or with a wax.

[0132] The pharmaceutical preparations are made following the conventional techniques of pharmacy
involving milling, mixing, granulation, and compressing, when necessary, for tablet forms; or milling, mixing and
filling for hard gelatin capsule forms. When a liquid carrier is used, the preparation will be in the form of a syrup,
elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid formulation may be administered directly p.o.

or filled into a soft gelatin capsule.
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[0133] The pharmaccutical compositions according to the invention may be delivered in a therapeutically
effective amount. The precise therapeutically effective amount is that amount of the composition that will yield the
most effective results in terms of efficacy of treatment in a given subject. This amount will vary depending upon a
variety of factors, including but not limited to the characteristics of the therapeutic compound (including activity,
pharmacokinetics, pharmacodynamics, and bioavailability), the physiological condition of the subject (including age,
sex, disease type and stage, general physical condition, responsiveness to a given dosage, and type of medication), the
nature of the pharmaceutically acceptable carrier or carriers in the formulation, and the route of administration. One
skilled in the clinical and pharmacological arts will be able to determine a therapeutically effective amount through
routine experimentation, for instance, by monitoring a subject’s response to administration of a compound and
adjusting the dosage accordingly. For additional guidance, see Remington: The Science and Practice of Pharmacy
(Gennaro ed. 20th edition, Williams & Wilkins PA, USA) (2000).

Fusion proteins used in the various methods of the invention

[0134] In accordance with the methods of the present invention for using the fusion proteins, fusion protein
used in the methods are described herein.

[0135] As discussed above, the fusion protein comprises a first polypeptide or protein capable of
translocating into an endoplasmic reticulum (ER) or a fragment thereof; and an interleukin 18 (IL-18), a fragment of
IL-18, an IL-18 variant, or a fragment of the IL-18 variant, wherein the [L-18, the fragment of IL-18, the IL-18 variant,
or the fragment of the IL-18 variant is on the C-terminus end of the fusion protein relative to the first polypeptide or
protein capable of translocating into the ER. In various embodiments, the first polypeptide is not the wild-type 1L-18
propeptide. In various embodiments, the protein capable of translocating into an endoplasmic reticulum (ER) or a
fragment thereof is not the wild-type IL-18 propeptide.

[0136] In addition to these features, additional features of the fusion protein are discussed herein.

[0137] In some embodiments, the fusion protein comprises an IL-18 variant. In various embodiments, the
IL-18 variant has an amino acid sequence comprising or consisting of amino acid positions 37-193 of SEQ ID NO:250
with one to five amino acid substitutions at positions E42, MS87, K89, M96, and MI149 of
MAAEPVEDNCINFVAMKFIDNTLYFIAEDDENIEQDYFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMT
DSDVRDNAPRTIFIISMYKDSQPRGMAVTISVKVEKISTLSVENKIISFKEMNPPDNIKDTKSDIIFFQRS VP
GHDNKMQFESSSYEGYFLAVEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ ID NO:250). In various
embodiments, the one to five amino acid substitutions is one amino acid substitution. In other embodiments, the one
to five amino acid substitutions are two amino acid substitutions. In other embodiments, the one to five amino acid
substitutions are three amino acid substitutions. In other embodiments, the one to five amino acid substitutions are four

amino acid substitutions. In other embodiments, the one to five amino acid substitutions are five amino acid
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substitutions. In various embodiments, the IL-18 variant comprises no more than five amino acid substitutions, with
the exception of substituting cysteines.

[0138] In various embodiments, the IL-18 variant has an amino acid sequence comprising or consisting of
amino acid positions 37-193 of SEQ ID NO:251 with one to five amino acid substitutions at positions E42, M87, K89,
M96, and M149 of
MAAEPVEDNCINFVAMKFIDNTLYFIAEDDENIEQDYFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMT
DSDCRDNAPRTIFIISMYKDSQPRGMAVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPG
HDNKMQFESSSYEGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ ID NO:251).

[0139] In various embodiments, the IL-18 variant has an amino acid sequence comprising or consisting of
amino acid positions 37-193 of SEQ ID NO:251 with one or more amino acid substitutions at positions C74, C104,
C112, and C164, and one to five amino acid substitutions at positions E42, M87, K89, M96, and M149, of SEQ ID
NO:251. In various embodiments, the amino acid substitutions at one or more of C74, C104, C112, and C164 are
cach independently substituted to valine, alanine or serine.

[0140] In various embodiments, the one to five amino acid substitutions are one or more of: E42K, E42R.
E42A, E42H, or E42Q; M87K, or M87H; K89G, K89A, or K8IE: M96L, or M96I; or M149V or M 1491. In various
embodiments, the one to five amino acid substitutions are E42K, E42R, E42A, E42H, or E42Q; M87K, or M87H,
K89G, K89A, or K8IE: MI6L., or M96I; and M 149V or M1491.

[0141] In various embodiments, the fusion protein comprises an IL-18 variant selected from Table 1B. In
various embodiments, the fusion protein comprising the IL-18 variant selected from Table 1B, further comprises a
propeptide having an amino acid sequence sclected from Propeptide column in Table 1B, and optionally from the same
row as the [L-18 variant. In various embodiments, the fusion protein comprising the IL-18 variant selected from Table
1B and propeptide selected from Table 1B, further comprises a cleavage peptide selected from Table 1B, and
optionally from the same row as the IL-18 variant and propeptide. As a particular example, IEQD (SEQ ID NO:§8)
can be used.

[0142] In various embodiments, IL-18 variant is an IL-18 variant disclosed in U.S. Patent 7,524,488, U.S.
Patent Publication No. 2019/0070262, U.S. Patent Publication No. 2021/0015891. or PCT Publication No. WO
2022/038417, the IL-18 variants and sequences of each of these patent or publications of which are hereby incorporated
by reference as though fully set forth.

[0143] In various embodiments, the fusion protein further comprises a targeting polypeptide. In some
embodiments, the targeting polypeptide targets a protein on a cell surface, wherein the cell surface also has an 1L-18
RC or the cell is capable of expressing the IL-18 RC. In various embodiments, the fusion protein binds to a cell having
an [L-18 RC or capable of expressing the IL-18 RC upon activation of the cell, and activates the IL-18 RC signal.
[0144] In other embodiments, the targeting polypeptide targets a protein on a cell surface that does not have
an IL-18 RC or the cell is not capable of expressing the IL-18 RC. The cell not having the IL-18 RC on its surface or
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not capable of expressing the IL-18 RC is in close proximity to a cell expressing the IL-18 RC or is capable of
expressing the IL-18 RC. In other instances, the fusion protein can bring the cell not having the IL-18 RC on its surface
or not capable of expressing the IL-18 RC into close proximity to a cell expressing the IL-18 RC or is capable of
expressing the IL-18 RC.

[0145] In various embodiments, the targeting polypeptide comprises a tumor associated antigen binding
domain.
[0146] In various embodiments, the fusion protein further comprises a binding domain for a protein

expressed on immune cells. In various embodiments, the fusion protein further comprises a binding domain for a
protein expressed on immune cells that express 1L-18 receptor complex or on immune cells that upon activation
express the TL-18 receptor complex.

[0147] In various embodiments, the fusion protein further comprises an antibody or antibody fragment. This
enables the fusion protein to bind to a tumor cell, or to an immune cell or stromal cell in a tumor tissue, or to a tumor
draining lymph node, or other secondary lymphoid organ. Examples of antibody fragments include Fc fragment, Fab
fragment, Fv fragment, as well as others discussed herein.

[0148] In various embodiments, the fusion protein further comprises a masking domain. In some of these
embodiments, the masking domain provides protection for IL-18, and IL-18 cannot be released by a protease. In some
of these embodiments, a mature IL-18 or mature IL-18 variant can be released from a masking domain by a protease.
In various embodiments, the protease is granzyme, which can be released from an immune cell. Examples of immune
cells include but are not limited to an NK cell, a T cell, a neutrophil, or a mast cell. In various embodiments, the
protease is a metalloprotease, which the metalloprotease can be expressed in a tumor microenvironment or tumor
draining lymph node. Further examples of protease and types of granzymes are described herein. In various
embodiments, the mature IL-18 increases the activity of NK cells or T cells, and optionally the activity being one or
more of proliferation, survival, and cytotoxicity.

[0149] In various embodiments, the fusion protein further comprises half-life extending molecule. A
nonlimiting example of a half-lifc extending molecule is a half-life extending polypeptide; for example, human serum
albumin (HSA) or an HSA-binding fragment.

[0150] In various embodiments, the fusion protein has reduced activity as compared to wild-type IL-18
when not bound to a cell having the IL-18 RC. In various embodiments, the reduced activity is at least a 75% reduction
in activity as compared to wild-type IL-18.

[0151] In some embodiments, a mature IL-18 variant on the C-terminus of the mask is attenuated. In various
embodiments, the mature IL-18 variant is 10x to 1000x attenuated, 10x-100x attenuated, or 100x-1000x attenuated.
For example, mature IL-18-mut13A is 100 fold attenuated.

[0152] In various embodiments, the fusion protein comprises polypeptide 1 and polypeptide 2 selected from
Table 1A. In various embodiments, the fusion protein further comprises polypeptide 3 selected from Table 1A. In
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various embodiments, polypeptide 1 and polypeptide 2, and optionally polypeptide 3 is selected from the same row of
Table 1A.

[0153] In various embodiments, the fusion protein comprises polypeptide 1 selected from Table 1A, wherein
polypeptide 1 comprises HSA.

[0154] In various embodiments, the fusion protein does not comprise an IL-18 variant disclosed in U.S.
Patent 7,524,488, U.S. Patent Publication No. 2019/0070262, U.S. Patent Publication No. 2021/0015891, or PCT
Publication No. WO 2022/038417, the IL-18 variants and sequences of each of these patent or publications of which

are hereby incorporated by reference as though fully set forth.

[0155] In various embodiments, each of the fusion proteins of the present invention comprises (i) an IL-18,
a fragment of IL-18, an [L-18 variant, or a fragment of the IL-18 variant, and (ii) a first protein capable of translocating
into an endoplasmic reticulum (ER) including a cytosolic or nuclear protein engineered to translocate into an
endoplasmic reticulum (ER) by means of addition of signal peptide/leader sequence onto the N-terminus of such an
engineered protein, or a fragment of said proteins. Preferably, the protein capable of translocating into an ER has an
amino acid sequence which initiates transport of a protein (¢.g., the IL-18 or its fragment, variant, or a fragment of its
variant) across the membrane of the endoplasmic reticulum.

[0156] In some embodiments, suitable proteins capable of translocating into the ER or a fragment thereof of
the fusion protein is a globular protein, immunoglobular protein, or a fragment thereof.

[0157] In some embodiments, suitable proteins capable of translocating into the ER or a fragment thereof of
the fusion protein is a short polypeptide or protein being about 2 kDa or no greater than 250 kDa. As examples, the
short polypeptide or protein is about 2-5 kDa, about 6-10kDa, about 11-20 kDa, about 21-30 kDa, about 31-40 kDa,
about 41-50 kDa, about 51-75 kDa, about 76-100 kDa, about 101-125 kDa, about 126-150 kDa, about 151-173 kDa,
about 176-200 kDa, about 201-225 kDa, or about 256-250 kDa. As further examples, the short polypeptide is 2, 3, or
4 amino acids, or flexible linkers or amino acid chain of 2-5, 6-10, 11-13, 16-20, 21-25, 26-30 amino acids. As further
examples, the short polypeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5, 6, 7, 8. 9, 10,
11,12,13, 14,15, 16,17, 18, 19, 20, 25, 30, or 35 amino acids. Additional examples of these short polypeptide include
but are not limited to a dimer of two amino acids, a tri-mer of three amino acids, a 4-mer of four amino acids, a 5-mer
of five amino acids, or a peptide selected from the group consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID
NO:235), and (GGGGX,, (SEQ ID NO:236))n wherein X, 1s Q, A, E or S and n=1-5 or an integer larger than 3. In
some embodiments, the amino acid linker has the amino acid sequence of (GGGGS (SEQ ID NO:237))n where n is
an integer between | and 3, thereby an amino acid linker of 25 amino acids or shorter in length. Additional examples
include (X:GGGG (SEQ ID NO:317)), wherein Xy, 1s Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GX,GGG (SEQ ID NO:318)), wherein X;.1s Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GGX,GG (SEQ ID NO:319)). wherein X, 1s Q, A, E or S and n=1-5 or in some embodiments, an integer
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larger than 5, (GGGX,.G (SEQ ID NO:320)), wherein X;.is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5. Still additional examples include (X:GGG)n wherein Xy is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX,GG)n wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5, (GGX,G)n wherein Xy is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than
5, (GGGXy)n wherein Xi is Q. A, E or S and n=1-5 or in some embodiments, an integer larger than 5. Still additional
examples include (XxGG)n wherein Xy is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5,
(GXG)n wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX;)n wherein
X, 18 Q, A, E or S and n=1-5 or in some embodiments. Still additional examples include (X, G)n wherein X;, is Q, A,
E or S and n=1-5 or in some embodiments, an integer larger than 5, (GXy)n wherein X; is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 5.

[0158] In various embodiments, the fusion protein comprises further an amino acid linker. For example, the
amino acid linker can be between (a) the protein capable of translocating into an endoplasmic reticulum (ER) and (b)
the propeptide (or variant) or IL-18 (or variant). As further examples, the short polypeptide is 2, 3, or 4 amino acids,
or flexible linkers or amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-25, 26-30 amino acids. As further examples, the
short polypeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5, 6, 7. 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 25, 30, or 35 amino acids. Additional examples of these short polypeptide include but are not
limited to a dimer of two amino acids, a tri-mer of three amino acids, a 4-mer of four amino acids, a 5-mer of five
amino acids, or a peptide selected from the group consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID NO:235),
and (GGGGX;, (SEQ ID NO:236))n wherein Xy, is Q, A, E or S and n=1-5 or an integer larger than 5. In some
embodiments, the amino acid linker has the amino acid sequence of (GGGGS (SEQ ID NO:237))n where n is an
integer between 1 and 35, thereby an amino acid linker of 25 amino acids or shorter in length. Additional examples
include (X:GGGG (SEQ ID NO:317)). wherein Xx is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GX,GGG (SEQ ID NO:318)), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GGX,GG (SEQ ID NO:319)), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GGGX,G (SEQ ID NO:320)), wherein Xy, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 3. Still additional examples include (X:GGG)n wherein X is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX,GG)n wherein X2 is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5, (GGX,G)n wherein X, is Q, A, E or S and n=1-3 or in some embodiments, an integer larger than
5, (GGGXyn wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 3. Still additional
examples include (X, GG)n wherein Xk is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5,
(GvX,G)n wherein X, 1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX;)n wherein
X518 Q, A, Eor S and n=1-3 or in some embodiments. Still additional examples include (X, G)n wherein X;, is Q, A,
E or S and n=1-5 or in some embodiments, an integer larger than 5. (GXy)n wherein X5, is Q. A, E or S and n=1-5 or

in some embodiments. an integer larger than 5.
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[0159] In various cmbodiments, the fusion protcin compriscs further an amino acid linker or amino acid
chain on the N terminus of the 11-18 variant. In various embodiments, the fusion protein comprises further an amino
acid linker or amino acid chain on the C terminus of the II-18 variant. Examples of an amino acid linker or amino acid
chain (e.g., short polypeptide, short peptide) include but are not limited to 2, 3, or 4 amino acids, or flexible linkers or
amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-25, 26-30 amino acids. As further examples, the short polypeptide is
1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 25, 30, or 35 amino acids. Additional examples of these short polypeptide include but are not limited to a dimer of
two amino acids, a tri-mer of three amino acids, a 4-mer of four amino acids, a 5-mer of five amino acids, or a peptide
selected from the group consisting of T, PT, MPT, S, GS. GGS., GGGS (SEQ ID NO:235), and (GGGGX;, (SEQ ID
NO:236))n wherein X;, is Q, A, E or S and n=1-5 or an integer larger than 5. In some embodiments, the amino acid
linker has the amino acid sequence of (GGGGS (SEQ ID NO:237))n where n is an integer between 1 and 5, thereby
an amino acid linker of 25 amino acids or shorter in length. Additional examples include (X;GGGG (SEQ ID
NO:317)), wherein Xy, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GX,GGG (SEQ
ID NO:318)), wherein X;, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 3, (GGX,GG
(SEQ ID NO:319)), wherein Xy is Q. A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGGX,G
(SEQ ID NO:320)), wherein Xy, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5. Still
additional examples include (X;GGG)n wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GX,.GG)n wherein X is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5,
(GGX;G)n wherein X 1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGGX,)n wherein
Xy is Q, A, E or S and n=1-3 or in some embodiments, an integer larger than 5. Still additional examples include
(XGG)n wherem X is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GvX;G)n wherein
Xi1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGXy)n wherein X, is Q, A, Eor S
and n=1-5 or in some embodiments. Still additional examples include (X, G)n wherein X, is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 5, (GX3)n wherein X;,is Q, A, E or S and n=1-5 or in some embodiments,
an integer larger than 5.

[0160] In some embodiments, the one or more fusion proteins do not comprise an [L-18 propeptide or its
variant. An “IL-18 propeptide”, or “propeptide” or “PP” in this invention, may also be used interchangeably, which
describes an amino acid sequence linked to IL-18 or IL-18 variant in an IL-18 precursor or IL-18 variant precursor,
and which upon removal renders a mature IL-18 or its fragment , mature IL-18 variant or its fragment thereof. For
example, an IL-18 propeptide may have a sequence of amino acid residues 1-36 of Uniprot ID Q14116.

[0161] In some embodiments, the one or more fusion proteins also include a propeptide (PP) or its variant.
Examples of propeptide varant are provided herein, including those in Table 1B. This can inactivate IL-18 or IL-18
variant, and so a propeptide directly or indirectly is linked to the IL-18 or IL-18 variant forms a precursor IL-18 or

precursor IL-18 variant. Preferably, the PP or its variant is on the N-terminus end relative to IL-18 (or its fragment,
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variant, or a fragment of its variant) in the fusion protein. In some embodiments, the one or more fusion proteins also
include a cleavage site, which is preferably based on a peptide substrate sensitive to enzymatic/protease cleavage. The
cleavage site may be positioned within the PP, between the PP or its variant (if present) and the IL-18 (or its fragment,
variant, or a fragment of its variant); or may be positioned between the protein capable of translocating into an ER and
the PP (if present); or may be positioned between the protein capable of translocating into an ER and the IL-18 or its
fragment, variant, or a fragment of its variant, especially in the absence of a PP. In some embodiments, when PP is
present, the cleavage site is positioned within the PP. In further embodiments, the one or more fusion proteins include
(1) an IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant, (i1), a propeptide (PP) or its
variant, which inactivates IL-18, and a cleavage site.

[0162] Examples of propeptide variants include a polypeptide having
AAEPVEDNX,INFVAMKFIDNTLYFIAEDDEN, wherein X; is any amino acid except cysteine (SEQ ID NO:238).
In various embodiments, X; is alanine, valine, isoleucine, leucin, methionine, phenylalanine, tyrosine or tryptophan
(SEQ ID NO:239). In various embodiments, X is valine (SEQ ID NO:78). In various embodiments, X is serine,
threonine, asparagine, or glutamine (SEQ ID NO:240). In various embodiments, X is serine (SEQ ID NO:76).
[0163] In various embodiments, the fusion protein does not comprise a polypeptide consisting of the
sequence X;-X>-X3-X4 between (1) the propeptide or propeptide variant, and (ii) the mature [L-18 or mature 1L-18
variant, wherein X; is L or absent, X5 is E or absent, X5 is S or absent, and X, is D or absent, when X, X», X;, and X4
arc all present the sequence being LESD (SEQ ID NO:253).

[0164] In various aspects of the fusion proteins, the IL-18 (or its fragment, variant, or fragment of its variant)
1s linked by a polypeptide bond to the first protein capable of translocating into the ER. The fusion proteins may have
avariety of configurations. Preferably, the N-terminus of the IL-18 (or its fragment, varant, or a fragment of its variant)
is linked by a polypeptide bond directly or indirectly to the C-terminus of the first protein capable of translocating in
the ER.

[0165] Yet in other embodiments, the C-terminus of the IL-18 (or its fragment, variant, or a fragment of its
variant) is linked by a polypeptide bond directly or indirectly to the N-terminus of the first protein capable of
translocating in the ER. As a nonlimiting example, the IL-18-variant (or IL-18, a fragment of IL-18, a fragment of the
IL-18 variant) is fused to the N-terminus of a knob of a knob-into-hole heterodimeric IgG1 protein with or without a
propeptide (pp).

[0166] In further embodiments, where the C-terminus of the 1L-18 is linked to the N-terminus of the first
protein capable of translocating in (or through) the ER, a second protein capable of translocating through the ER is
often fused to the N-terminus of the IL-18 to mediate masking. It is contemplated that a fusion protein further comprises
(111) a second protein capable of translocating into/through an ER, or a “scaffold” such as heat shock proteins (HSPs)
that may not translocate through the ER. In some embodiments, if HSP (nuclear protein) or a cytosolic protein is fused

to the N-terminus of the IL-18 to mediate masking, it often requires a signal peptide fused to the N-terminus of the
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“scaffold” to mediate transport to the ER; and, if the scaffold is fused to the C-terminus of IL-18 to serve to stabilize
the complex, then a second protein capable of translocating through the ER is often fused to the N-terminus of the IL-
18 to mediate masking. Hence, in some embodiments, the IL-18 (or its fragment, variant, or a fragment of its variant)
1s at the C-terminus of the fusion protein; in some embodiments, the N-terminus of the IL-18 (or its fragment, variant,
or a fragment of its variant) is on the C-terminus end relative to the first protein capable of translocating in the ER, and
the C-terminus of the IL-18 (or its fragment, variant, or a fragment of its variant) is on the N-terminus end relative to
the second protein capable of translocating in the ER. The “first” or “second” protein capable of translocating in an ER
is used as a relative reference.

[0167] One or more exemplary amino acid sequences of each component of the fusion protein are shown in
Tables 1 and 4.

[0168] Some embodiments provide that the first protein/polypeptide capable of translocating into an ER
comprises an immunoglobulin heavy chain constant region. In some embodiments, the immunoglobulin heavy chain
constant region comprises an immunoglobulin heavy chain constant region domain selected from the group consisting
of'a CH2 domain, a CH3 domain. and a CH4 domain, or a combination thercof. In some embodiments, wherein the
immunoglobulin heavy chain constant region comprises a CH2 domain and a CH3 domain. In some embodiments,
the immunoglobulin heavy chain constant region lacks at least a CH1 domain. In some embodiments, the
immunoglobulin heavy chain constant region is a human immunoglobulin heavy chain constant region. In some
cmbodiments, the immunoglobulin heavy chain constant region is an immunoglobulin heavy chain constant region
present in the same species as the IL-18. In other embodiments, the immunoglobulin heavy chain constant region is an
immunoglobulin heavy chain constant region present in the same species as an organism with which a nucleic acid
molecule encoding the fusion protein or a precursor of the fusion protein is transformed or transfected. Further
embodiments provide that the fusion protein lacks an immunoglobulin variable domain (V).

[0169] In various embodiments, the TL-18 (or its fragment, variant, or fragment of its variant) is identical (in
sequence) to that of a human origin, and the immunoglobulin heavy chain constant region comprises a hinge region,
and a CH2 domain or a CH3 domain. In various embodiments, comprises a hinge region and both a CH2 domain and
a CH3 domain. More preferably, the IL-18 (or its fragment, variant, or fragment of its variant) is at least 95%. 90%. or
85% identical (in sequence) to that of a human origin, but with amino acid substitutions or other modifications that
reduces affinity of the IL-18 (or its fragment, variant, or fragment of its variant) for IL-18BP. It is contemplated that
immunoglobulin heavy chain constant regions suitable for the invention may be derived from immunoglobulins
belonging to any of the five immunoglobulin classes referred to in the art as IgA (Iga), IgD (Igd), IgE (Ige), IsG (Igy),
and IgM (Ign). However, immunoglobulin heavy chain constant regions from the IgG class are
preferred. Furthermore, the immunoglobulin heavy chain constant regions may be derived from any of the IgG
antibody subclasses referred to in the art as IgG1, 1gG2, IgG3, and IgG4. Immunoglobulin heavy chain constant region

domains have cross-homology among the immunoglobulin classes. For example, the CH2 domain of IgG is
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homologous to the CH2 domain of IgA and IgD, and to the CH3 domain of IgM and IgE. Preferred immunoglobulin
heavy chain constant regions include protein domains corresponding to a CH2 region and a CH3 region of IgG, or
functional portions or derivatives thereof. Further description of immunoglobulin heavy chain constant regions is
discussed in detail in U.S. Pat. No. 5,541,087, and U.S. Pat. No. 5,726,044, which are incorporated by reference herein.

[0170] In multiple embodiments, the protein/polypeptide to be fused with the IL-18 (or its fragment, variant,
or a fragment of its variant) is a dimer of two immunoglobulin heavy chain constant regions/chains, optionally cross-
linked by a pair of disulfide bonds between cysteines on adjacent hinge regions. In some embodiments, a hinge region
may have an upper hinge domain, a core hinge domain, and a lower hinge domain. In some embodiments, an upper
portion of the hinge domain may include or remove the cysteine that is known to form a disulfide bond with the light
chain or a fab, resulting in sequences such as EPKSC (SEQ ID NO:241) or EPKSS (SEQ ID NO:242) or EPKSA
(SEQ ID NO:243). For example, fusion proteins including IgG1-based ER translocating protein, except FUSE-501,
FUSE-503, and FUSE-509, may have removed cysteine from the hinge region, e.g., EPKSS (SEQ ID NO:242) in
IgG1-based ER translocating protein, except for FUSE-507 (FUSE-507 has EPKSA (SEQ ID NO:243) in the hinge
region). A hinge region may also contain a core hinge domain, such as comprsing a sequence CPPCP (SEQ ID
NO:244) or a variant where the cysteine is replaced. A hinge region may further include a lower hinge domain, such
as comprising a sequence APELLGGP (SEQ ID NO:245) or APEAAGGP (SEQ ID NO:246). In another example,
FUSE-509 has an IgG4-based ER-translocating protein, using a hinge region as depicted in Chiu et al.,
Antibodies 2019, 8(4), 55, 2019. While constructs including immunoglobulin hinge regions are preferred, as depicted
in the drawings, the invention contemplates that crosslinking at other positions may be chosen as desired. Furthermore,
in some cases, two or more monomers may associate non-covalently to produce dimers or multimers. In various
aspects wherein the protein/polypeptide is a dimer of two immunoglobulin heavy chain constant regions/chains, the
IL-18 (or its fragment, variant, or a fragment of its variant) is linked to one, and only one, of the two (or more)
immunoglobulin heavy chain constant regions/chains. In the case of a wild type IgG-Fc that forms a homodimer, in
various instances, a IL-18 is placed on the C-terminus of each monomer of the Fc, thereby having two IL-18 placed
on the C-terminus of the Fe. In some instances, a heterodimer may form (e.g., in purification step) when one wild-type
Fc fused to one IL-18 is mixed with another wild-type Fc not fused to IL-18. In other aspects, an IL-18 (or its fragment,
variant, or a fragment of its variant) is linked each of the two (or more) immunoglobulin heavy chain constant
regions/chains in the fusion protein.

[0171] In some embodiments, two amms (or chains) of immunoglobulin heavy chain constant regions (¢.g.,
Fc polypeptides) can be heterodimerized by creating “knobs-in-holes™ (KiH) mutations in the CH3 domain. This
structural feature in the polypeptide amms allows for assembly of two half antibodies (e.g., Fe heterodimer; and VH-
CH and VL-CL domains). For example, a heteromultimer (including a heterodimer) may comprise a first polypeptide
and a second polypeptide each comprising a CH3 domain, wherein the polypeptides meet at an engineered interface
within the CH3 domain, and the first polypeptide contains an engineered protuberance (“knob”) in the interface with

at least one contact residue replaced with an import residue having a larger side chain volume than the original residue,
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and the second polypeptide contains an engineered cavity (“hole™) in the interface with at least one contact residue
replaced with an import residue having a smaller side chain volume than the original residue. In some embodiments,
the engineered interface of a heteromultimer includes at least two protuberance-into-cavity mutant pairs. Volumes and
accessible surface areas of each amino acid are described in A. A. Zamyatnin, Prog. Biophys. Mol. Biol. 24: 107-123,
1972 and C. Chothia, J. Mol. Biol. 105: 1-14, 1975. For example, import residues for the formation of a protuberance
can be arginine (R), phenylalanine (F), tyrosine (Y) and tryptophan (W); and preferably the original residue for the
formation of the protuberance has a small side chain volume, such as alanine, asparagine, aspartic acid, glycine, serine,
threonine or valine. As another example, import residues for the formation of a cavity can be alanine (A), serine (S),
threonine (T) and valine (V); and preferably the original residue for the formation of the cavity has a large side chain
volume, such as tyrosine, arginine, phenylalanine or tryptophan. For example, a T366W mutation in CH3 domain for
the “knob”/protuberance chain, and a T366S/L368A/Y407V mutation in CH3 domain for the “hole™/cavity chain.
Additionally, the KiH configuration may be coupled further mutations to permit S-S disulfide linkage between the two
chains. In various aspects wherein the protein/polypeptide is a heterodimer of a the KiH configuration, the IL-18 (or
its fragment, variant, or a fragment of its variant) is linked to one, and only one, of the two (or more) immunoglobulin
heavy chain constant regions/chains (i.e. knob or hole).

[0172] In some embodiments, the two or more arms (or chains) of immunoglobulin heavy chain constant
regions (e.g., Fc polypeptides) can contain another symmetric-to-asymmetric steric complementarity design (e.g., HA-
TF, ZW1), a charge-to-charge swap interaction (DD-KK), a charge-to-steric complementarity swap plus additional
long-range clectrostatic interaction (e.g., EW-RVT), or an isotype strand swap design (e.g., strand-exchange
engineered domain (SEED)), or Xmab, 7.8.60, Electrostatic Steering, A107, or Duobody, so as to form
heterodimers/heteromultimers. Further description of these configurations and exemplary mutations/residues are seen
n Front Immunol. 2016; 7: 394.

[0173] In additional embodiments, suitable proteins capable of translocating into the ER or a fragment
thereof of the fusion protein is a globular protein, immunoglobular protein, or a fragment thereof. In various
embodiments, suitable proteins capable of translocating into the ER or a fragment thereof of the fusion protein is a
short polypeptide or protein engineered with a signal peptide for translocating into the ER.  For example, the short
polypeptide or protein being about 2 kDa or no greater than 250 kDa. As additional examples, the short polypeptide
or protein 1s about 2-5 kDa, about 6-10kDa, about 11-20 kDa, about 21-30 kDa, about 31-40 kDa, about 41-50 kDa,
about 51-75 kDa, about 76-100 kDa, about 101-125 kDa, about 126-150 kDa, about 151-175 kDa, about 176-200
kDa, about 201-225 kDa, or about 256-250 kDa. As further examples, the short polypeptide is 2, 3, or 4 amino acids,
or flexible linkers or amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-25, 26-30 amino acids. As further examples, the
short polypeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5, 6, 7. 8.9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 25, 30, or 35 amino acids. Additional examples of these short polypeptide include but are not
Iimited to a dimer of two amino acids, a tri-mer of three amino acids, a 4-mer of four amino acids, a 5-mer of five

amino acids, or a peptide selected from the group consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID NO:235),
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and (GGGGX,. (SEQ ID NO:236)), wherein X;. is Q, A, E or S and n=1-5 or an integer larger than 5. In some
embodiments, the amino acid linker has the amino acid sequence of (GGGGS (SEQ ID NO:237))n where n is an
integer between 1 and 3, thereby an amino acid linker of 25 amino acids or shorter in length. Additional examples
include (X, GGGG (SEQ ID NO:317)), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GXxGGG (SEQ ID NO:318)), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GGX,GG (SEQ ID NO:319)), wherein X is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5, (GGGX,G (SEQ ID NO:320)), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer
larger than 5. Still additional examples include (X,GGG), wherein X, is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX,GG), wherein Xy is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5, (GGX,G), wherein X, 1s Q, A, E or S and n=1-3 or in some embodiments, an integer larger than
3, (GGGXy), wherein X;, is Q. A, E or S and n=1-5 or in some embodiments, an integer larger than 5. Still additional
examples include (X,GG), wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5,
(GX5.G)n wherein X 1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX.). wherein X,
1s Q, A, E or S and n=1-5 or in some embodiments. Still additional examples include (X3G), wherein X 1s Q, A, E or
S and n=1-5 or in some embodiments, an integer larger than 5, (GXj), wherein Xj.is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 3.

[0174] In additional embodiments, suitable proteins capable of translocating in an ER can be a globular
protein, human serum albumin (HSA), beta2microglobulin, transferrin, fragment antigen-binding region (Fab region),
VHH antibody, single-chain variable fragment (scFv), anticalin, designed ankyrin repeat protein (DARPin), a binding
domain thereof, and a fragment thereof.

[0175] Additional suitable proteins capable of translocating into an ER can include type I transmembrane
proteins or a fragment thereof, or type Il transmembrane proteins or a fragment thereof.

[0176] In various embodiments, the fusion protein comprising the short polypeptide or protein and the TL-
18 or IL-18 variant. or fragments thereof, further comprises a second proteins capable of translocating into the ER or
a fragment thereof. The second protein capable of translocating into the ER or a fragment thereof can be an Fc domain
or HSA. beta2microglobulin, transferrin, fragment antigen-binding region (Fab region), VHH antibody. single-chain
variable fragment (scFv), anticalin, designed ankyrin repeat protein (DARPin), a binding domain thereof, and a
fragment thereof, or type I transmembrane proteins or a fragment thereof, or type II transmembrane proteins or a
fragment thereof as described herein. Figures 8A and 11A (first three from left to right) are nonlimiting examples of
such fusion proteins.

[0177] In yet other embodiments, the fusion protein further comprises a protein that cannot naturally
translocate into the ER such as nuclear or cytosolic proteins fused to the N-terminus of IL-18. For said proteins, a signal
peptide (which may be termed a leader sequence), such as Ig-kappa leader sequence (e.g.,
METDTLLLWVLLLWVPGSTG (SEQ ID NO:247)) in FUSE-499, or one or more other signal peptides including
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but not limited to those derived from human albumin and human azurocidin, see Kober et al. Biotechnol Bioeng. 2013
Apr;110(4):1164-73 is fused to the N-terminus of the non ER translocating protein. For example, the signal peptide
may be on the N-terminus end of the propeptide or of the IL-18 (or its fragment, variant, or a variant of its fragment).
A further example of a protein capable of translocating in/into/through ER may be a protein engineered with a signal
peptide. ¢.g., on the N-terminus end. As an example, Hsp70 is a nuclear protein, but can be engineered to be an ER-
translocating protein when fused or linked with a signal peptide on the N-terminus of Hsp70. In various embodiments,
the addition of an N-terminal signal peptide, such as the Ig-kappa leader sequence, is in place of a Fc, globular protein,
or HSS that’d otherwise be present in a fusion protein disclosed herein.

[0178] In some embodiments, the fusion protein (¢.g., having a masked or unmasked IL-18 variant) further
comprises a tumor targeting fragment, ¢.g., a fragment that targets cell surface proteins including but not limited to a
tumor associated antigen (TAA). For example, FUSE-517 as shown in FIG. 19G is a masked IL-18 fusion protein that
also comprises an anti-EGFR antibody fragment, e.g., Fab of cetuximab. One or more antigen-targeting (preferably
tumor antigen-targeting) fragments of known antibodies are conceived to be compatible with the fusion protein system
disclosed herein.

[0179] In some embodiments, the fusion protein (¢.g., having a masked or unmasked IL-18 variant)
comprises an activation receptor targeting fragment, ¢.g., a fragment that targets activation receptors on cell surface
including but not limited to CD 16 on natural killer cell surface. Activation receptors include immunoreceptor tyrosine-
bascd activation motif (ITAM)-associated receptors, such as CD16 and NKp46. Activation receptors also include those
participating in spontancous NK cell activation, such as NKp46 (CD335), NKp30 (CD337), NKp44 (CD336),
NKG2D (CD314), DNAM-1 (CD226), 2B4 (CD244), LFA-1 (CD11a-CD18), and CD2. In some embodiments, the
fusion protein (¢.g.. a masked IL-18) comprises both an activation receptor targeting fragment and a tumor targeting
fragment. For example, FUSE-516 as shown in FIGs. 5A, 5B, 6A, 6B, 7A, 7B, 8A and 8B is a masked IL-18 fusion
protein that also comprises an anti-CD16 fragment and an anti-EGFR antibody fragment, e.g., Fab of cetuximab.
Hence, FUSE-516 targets both CD16 and EGFR simultancously. Examples of anti-CD16 fragments include but are
not limited to CH2 domains of IgG1, CH2 domain of IgG4.

[0180] In some embodiments, the fusion protein (¢.g., having a masked or unmasked IL-18 variant)
comprises a polypeptide fragment that targets an immune checkpoint, e.g ., fragment that targets an immune checkpoint
expressed on T cell. For example, FUSE-694 as shown in FIG. 4 is a masked IL-18 fusion protein that also comprises
an anti-PD1 fragment. Example immune checkpoints include but are not limited to PD-1, PD-L1, CTLA-4, LAG-3.
One or more immune checkpoint-targeting fragments of known antibodies are conceived to be compatible with the
fusion protein system disclosed herein. Examples of anti-PD1 fragments include fragments (e.g., Fab, Fv) from
pembrolizumab, nivolumab, pidilizumab. AMP-514, spartalizumab, cemiplimab, AK105, BCD-100, BI 754091,
JS001, LZM009, MGAO12, Sym021, TSR-042, MGDO013, AK104, XmAb20717, tislelizumab, or PF-06801591.
Additional examples of anti-PD1 fragments also include fragment (e.g., Fab, Fv) from vopratelimab, camrelizamab,

37



WO 2024/229117 PCT/US2024/027248

sintilimab, AMP-224, AMP-514, and Acrixolimab. In various embodiments, the antibody is an anti-PD-1 antibody or
anti-PD-L 1 antibody. Examples of anti-PD1 fragments include fragment (¢ g., Fab, Fv) from anti-PD1 antibodies such
as pembrolizumab, nivolumab, pidilizamab, AMP-224, AMP-514, spartalizumab, cemiplimab, penpulimab (AK103),
prolgolimab (BCD-100), ezabenlimab (BI 754091), toripalimab (JS001), lipustobart (LZMO009), retifanlimab
(MGAO012), Sym021, dostarlimab (TSR-042), tebotelimab (MGDO13), cadonilimab (AK104), vudalimab
(XmADb20717), tislelizumab, PF-06801591, and anti-PD1 antibody expressing pluripotent killer T lymphocytes (PIK-
PD-1). Examples of anti-PD-L1 fragments include fragment (e.g., Fab, Fv) from anti-PD-L1 antibodies such as
garivulimab (BGB-A333), cosibelimab (CK-301), FAZ053, envafolimab (KNO035), MDX-1105, betifisolimab
(MSB2311), adebrelimab (SHR-1316), atezolizumab, avelumab, durvalumab, BMS-936559, CK-301, and M7824.
Thus, for example, the fusion protein comprises an anti-PD1 fragment from an anti-PD1 antibody (¢.g., Fab, Fv), an
IL-18 variant, and a protein capable of translocating into an ER (e.g., a Fc domain), and optionally, a linker.

[0181] In some embodiments, the fusion protein (e.g., having a masked or unmasked IL-18 variant)
comprises a targeting polypeptide, wherein the targeting polypeptide targets a protein on the same surface as the IL-
18 RC. Examples of such proteins include but are not limited to CD16, y9 TCR, 62 TCR or 61 TCR, NKp46. CD137.
CDA40 or NKG2D. In some embodiments, fusion protein (¢.g.. having amasked or unmasked IL-18 variant) comprises
atargeting polypeptide, wherein the targeting polypeptide targets a protein on a cell that does not contain an IL-18RC.
In these embodiments, the IL-18 fusion protein will need to be delivered close to the IL-18R complex for a cis or
density effect to result in the interaction between the IL-18 fusion protein and the IL-18R complex. For example, TAA
targeted IL-18 fusion protein could get to interact with the IL-18R complex on T cells if (a) the fusion protein bridged
T cells with TAA+ cells or (b) the fusion protein was combined with another protein that bridged T cells with TAA+
cells or (c) the fusion protein bound to a TAA+ cell that naturally interacted with T cell via a secondary means (e.g.
TCR/MHC interaction). In other examples, the fusion protein could be delivered to fibroblasts or other accessory cells
in the tumor microenvironment and released by proteases such that it can act on IL-18R+ T or NK cells at a distance.

[0182] Exemplary targeting polypeptides include those noted in Table 5 or fragments thereof. Of those
listed as the antigen-binding antibodies, their VHH, Fab regions, or single-chain variable fragments (scFv) can be used
as the antigen-binding site of the multispecific antibodies disclosed herein.

[0183] In some embodiments, enterokinase is used for site-specific cleavage of recombinant fusion proteins
containing an accessible enterokinase recognition site. For example, enterokinase can specifically cleave after the C-
terminal end of the lysine residue at its cleavage site, Asp-Asp-Asp-Asp-Lys (SEQ ID NO:87). Therefore, the fragment
produced from this cleavage reaction does not inherit any residues from the DDDDK (SEQ ID NO:87) recognition
sequence. Additionally. DDDDK (SEQ ID NO:87) is a part of the octapeptide FLAG tag (DYKDDDDK (SEQ ID
NO:248)), which can be utilized as a fusion tag for recognition by antibody, and for detection of fusion protein with
Western blot analysis, as well as for purification of the fusion protein by Anti-FLAG affinity chromatography.
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[0184] Preferably, a cleavage site can be based on peptide substrates sensitive to other enzymes, especially
proteases highly expressed in tumor microenvironment, such as granzyme B, granzyme A, granzyme M, granzyme K,
matrix metalloproteinase (MMP) 1/2/9/14 or other MMPs. Of note, granzymes are usually only upregulated in
inflamed tumors. For example, a substrate sequence for granzyme B can be lle-Glu—Xaa-Asp| Xaa-Gly (SEQ ID
NO:249) with the cleavage at the Asp| Xaa peptide bond. Alteratively, a substrate sequence for granzyme B can also
be lle-Glu—Xaa-Asp|, with the cleavage at the C-terminus end of Asp, and Xaa can be Gln (SEQ ID NO:88) or
another amino acid.

[0185] In additional embodiments, the fusion protein comprises a cleavage site recognized by a serine
protease. a cysteine protease, an aspartate protease, a threonine protease, a glutamic acidprotease, a metalloproteinase.,
a gelatinase, or an asparagine peptide lvase. In some embodiments, the protease cleavage site is recognized by a
Cathepsin B, a Cathepsin C, a Cathepsin D, a Cathepsin E, a Cathepsin K, a Cathepsin L, a kallikrein, ahKl, a hK10,
ahK15, a plasmin, a collagenase, a Type IV collagenase, a stromelysin, a Factor Xa, a chymotrypsin-like protease, a
trypsin-like protease, an elastase-like protease, a subtilisinlike protease, an actinidain, a bromelain, a calpain, a caspase,
a caspase-3, a Mir 1-CP, a papain, a HIV-1 protease, a HSV protease, a CMV protease, a chymosin, a renin, a pepsin,
a matriptase, a legumain, a plasmepsin, a nepenthesin, a metalloexopeptidase, a metalloendopeptidase, a matrix
metalloprotease (MMP), a MMP1, a MMP2, a MMP3, a MMP§, a MMP9, a MMP10, a MMP11, a MMPI12, a
MMP13, a MMP14, an ADAMI10, an ADAM17, an ADAMI12, an urokinase plasminogen activator (uPA), an
cnterokinasc, a prostate-specific target (PSA, hK3), an interleukin- I f converting cnzyme, a thrombin, a FAP (FAP-a),
a dipeptidyl peptidase, or dipeptidyl peptidase IV (DPPIV/CD26), a type Il transmembrane serine protease (TTSP), a
neutrophil elastase, a cathepsin G, a proteinase 3, a neutrophil serine protease 4, a mast cell chymase, a mast cell
tryptase, a dipeptidyl peptidase, and a dipeptidyl peptidase IV (DPPIV/CD26). Nonlimiting examples of cleavage
sites are included in Table 1B. As a particular example, IEQD (SEQ ID NO:88) can be used.

[0186] It is contemplated that a variant, fragment, or a fragment of a variant of the TL-18 is suitable, and in
some embodiments preferred, for the composition of the fusion protein. For example, a variant of mature IL-18 can
have one, two, three, four, five, or more amino acid substitutions compared to the wild type mature 1L-18. For example,
one or more cysteines in the 1L-18 or its propeptide are replaced with a natural or non-natural amino acid (other than
cysteine), such as from Cys to Ser, Ala, or Val, so as to reduce aggregation of the molecule in the fusion protein.
Additional examples include cysteine to threonine, asparagine, or glutamine; cysteine to alanine, isoleucine, leucine
methionine, phenylalanine, tyrosine, or tryptophan; cysteine to phenylalanine, alanine, aspartic acid, or asparagine; or
cysteine to threonine, glutamine, aspartic acid, phenylalanine, isoleucine or histidine.

[0187] A variant of IL- 18 may have a 95%, 90%, 85%, 83%, 80%, 75%, 70%, 65% or at least 60% sequence
identity to wild type IL-18. In some embodiments, a variant of [L-18 may have at least 60% and at most 83% sequence
identity to wild type IL-18. In some embodiments, a variant of IL-18 may have between 60%-64%, 65%-69%, 70%-
74%, 75%-89%, or 80%-83% sequence identity to wild type IL-18. In some embodiments, the variant of IL-18 in the

39



WO 2024/229117 PCT/US2024/027248

fusion protein is released as an about 15 kDa functional fragment (e.g., on the electrophoresis gels as tested) when
cleaved at a cleavage site of the fusion protein. (It is conceived that the released protein may be mature IL-18 which
would nommally run at 18 kDa but may appear as about 15 kDa due to the ladder being used or the specific
polyacrylamide percentage in a gel.) A fragment of IL-18 may have a 95%, 90%, 85%. 83%, 80%, 75%, 70%, 65%,
or at least 60% sequence identity (and/or length) to its corresponding wild type IL-18 fragment. In some embodiments,
an IL-18 fragment produced by the fusion protein disclosed herein, especially after protease cleavage of the fusion
protein, is less than 85% (e.g., about 83%, about 83%-80%, about 80%-75%, about 75%-70%, or about 70%-65%) in
size compared to natural/wild-type mature IL-18; for example, an IL-18 fragment of about 15 kDa in size, preferably
having comparable binding affinity for IL-18Ra/b as the wild type mature IL-18, is fused to a propeptide (or PP variant)
and an ER translocating protein (with or without mutations), and the fusion protein also includes a protease cleavage
site, such that upon protease cleavage, a small IL-18 fragment (e.g., about 15 kDa in size), is released. Preferably, this
small IL-18 fragment maintains the natural binding affinity for IL-18Ra/b and an equal or lower binding affinity
relative to IL-18Ra/b for IL-18BP. Preferably a variant, fragment, or a fragment of a variant of the IL-18 is capable of
binding IL-18R and forming complex. so as to activate proinflammatory programs and/or NF-kB pathway. In some
embodiments, the variant, fragment, or a fragment of a variant of the IL-18 is capable of having an increased binding
affinity (¢.g.. 150%, 140%. 130%, 120%. 110%, or at least 100% relative to wild type IL-18) and/or inducing the
biological activity of at least 150%, 140%, 130%, 120%, 110%, 100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%,
or 10%, compared to wild type IL-18. In some embodiments, the variant, fragment, or a fragment of a variant of the
IL-18 is capable of having an increased binding affinity at 120%, 110%, or at least 100% relative to wild type IL-18,
and/or inducing the biological activity of at 120%, 110%, 100%, 90%, 80%, 70%, 60%, 50%. 40%, 30%, 20%, or
10%, compared to wild type IL-18.In additional embodiments, a variant, fragment, or a fragment of a variant of the
IL-18 has diminished binding to IL-18 binding protein (IL-18BP), as compared to a wild type IL-18

[0188] In some embodiments, the IL-18 or its fragment or variant cleaved from the fusion protein has at
least 1,000, 2,000, 3,000, 5,000, 10,000, 30,000, 50,000, 70,000, 80,000, 90,000, or 100,000-fold increase in biological
activity (e.g., binding with IL-18R to form IL-18/IL-18Ra/p complex and induce downstream signaling), compared to
an uncleaved form in the fusion protein especially with propeptide. In further embodiments, the IL-18 or its fragment
or variant cleaved from the fusion protein has a comparable biological activity. or within about 10, 20, 30, 40, or 50-
fold difference in the biological activity, compared to recombinant human mature IL-18.

[0189] In some embodiments, the IL-18 or its fragment or variant cleaved from the fusion protein has a
binding affinity for its IL-18R complex with an equilibrium dissociation constant (KD) of about 18 nM, (e.g., 18 nM
+0.3nM, 18nM £0.5nM, 18 nM + 1.0 nM). In some embodiments, the IL-18 or its fragment or variant cleaved from
the fusion protein has a binding affinity for its [L-18R complex which is about the same, or at least 100%, 95%, or
90%, compared to that of the wild type IL-18. In some embodiments, the IL-18 or its fragment or variant cleaved from
the fusion protein has a binding affinity for its IL-18R complex which is greater than that of the wild type IL-18, e.g.,
a binding affinity that is at least 105%, 110% compared to that of the wild type IL-18, or having a KD value at least
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10% or 20% smaller than that of wild type 1L-18. Preferably, the IL-18 or its fragment or variant cleaved from the
fusion protein has a reduced binding affinity for IL-18BP, compared to that of the wild type IL-18. For example, in
some instances, the IL-18 or its fragment or variant cleaved from the fusion protein has a KD with IL-18BP of 18 nM
or greater, such that it has a lower binding affinity to IL-18BP than to IL-18R. In some instances, the IL-18 or its
fragment or variant cleaved from the fusion protein has a KD with IL-18BP of 18 nM or greater, whereas the wild type
IL-18 has a KD with IL-18BP of about 0.4 nM. It is also conceived that KD may vary depending on instrument and
protocol setup.

[0190] In accordance with the methods described herein, polynucleotides encoding the fusion proteins are
also disclosed herein. For example, the nucleic acid sequences may encode in a 5° to 37 direction, a first protein or
polypeptide capable of translocating in an ER and an IL-18 (or its fragment, variant, or a fragment of its variant).
Nonlimiting examples of such polynucleotides are in Table 2.

[0191] Furthermore, the polynucleotides optionally may also include a “leader” or “signal” sequence based
upon, for example, (1) a propeptide (PP) linked directly to IL-18 (or IL-18 variant) as in FUSE499 or (2) an
immunoglobulin light chain sequence fused directly to a hinge region of the immunoglobulin heavy chain constant
region. In some embodiments, when the protein/polypeptide capable of translocating in an ER is based upon IgG
sequences, the nucleic acid encodes ina 57 to 3” direction, at least an immunoglobulin hinge region (i.¢., a hinge region
containing at least one cysteine amino acid capable of forming a disulfide bond with a second immunoglobulin hinge
region scquence), an immunoglobulin CH2 domain and a CH3 domain, and an IL-18 (or its fragment, variant, or a
fragment of its variant).

[0192] In various embodiments, a polynucleotide encoding the fusion proteins may also be integrated within
a replicable expression vector. Hence, a vector encoding the fusion protein is also provided, which may express the
fusion protein in, for example, a bacterial host, an intended recipient, or both.

[0193] Additional embodiments provide cells transformed or transfected with one or more nucleic acid
molecules (polynucleotide) encoding the fusion protein. The cell can be a prokaryotic cell. Or the cell is a eukaryotic
cell, preferably a mammalian cell, and more preferably a human cell. Examples of mammalian cells include Chinese
hamster ovary (CHO) cells, NSO cells (a mouse myeloma cell line), PER.C6® cells, and human embryonic kidney
cells (HEK cells).

[0194] In some embodiments, a non-human organism transformed or transfected with one or more nucleic
acid molecules encoding the fusion protein is also provided.

[0195] Further embodiments provide a composition comprising combinations of two or more different
fusion proteins, or combinations of the nucleic acid sequences encoding the fusion proteins. For example, a
pharmaceutical composition is provided, wherein the fusion protein or a nucleic acid molecule encoding the fusion

protein is an active agent.
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Methods of producing fusion proteins

[0196] Methods for making the fusion proteins, or nucleic acids encoding the fusion proteins for use in the
inventive methods are also described herein. Some embodiments provide that conventional recombinant DNA
methodologies are utilized for generating the fusion proteins. The fusion constructs preferably are generated at the
DNA level, and the resulting DNAs integrated into expression vectors, and expressed to produce the fusion proteins
of the invention. Subsequently, the vector is expressed in a host cell to obtain the fusion protein; and optionally the
method further includes a step of recovering the fusion protein from the host cell culture. In some embodiments, a
method of producing interleukin 18 (IL-18), a fragment thereof, an IL-18 variant, or a fragment of the IL-18 variant,
comprises culturing a cell transfected with an expression vector comprising a nucleic acid encoding a fusion protein,
in cell culture medium to allow a fusion protein to be produced and secreted into the extracellular space for purification;
said protein, when contacting a protease to the fusion protein to cleave the fusion protein to produce the IL-18, the
fragment thereof, the [L-18 variant, or the fragment of the IL-18 variant. Exemplary nucleic acid molecules encoding
a fusion protein are seen in Table 2. Other embodiments provide that chemical conjugation using conventional
chemical cross-linkers may be used to fuse protein moieties.

[0197] In some embodiments, the nucleic acid molecules encoding the fusion proteins is expressed in CHO
cells or HEK-293. Preferably, expressing the fusion proteins in the host cells results in a recoverable secreted fusion
protein of at least 135 mg/L from supematant of the host cells. In some embodiments, a yield of the fusion protein of
at lcast 135 mg/L is obtaincd via transicnt transfection. In some embodiments, an cven higher yicld of the fusion
protein, €.g., at least 150, 200, 250. or 300 mg/L is obtained via stable producer cell clones, or pools of clones. In some
embodiments, from a transient transfection, a yield of the fusion protein is about 130-400 mg/L. In some embodiments,
afusion protein, or the IL-18, the fragment thereof, the IL-18 variant, or the fragment of the IL-18 variant cleaved from
the fusion protein, is recovered in more than about 400 mg/L, between 350-400 mg/L, 300-350 mg/L, 200-300 mg/L,
100-200 mg/L, or at least 50 mg/L from supematant of the host cells.

[0198] In some embodiments, using a Chinese hamster ovary (CHO) expression system, the fusion protein
is produced via a process including the steps of’ (1) cell recovery, which may be to recover frozen CHO cells via water
bath at 37°C; (2) cell subculturing, which may be to sub-culture the cells and adjust the cell density to 6x10°ml for
transfection; (3) transfection and expression, using a solution 1 (in which a plasmid is diluted with a diluting agent), a
solution 2 (in which a transection reagent is diluted with a/the diluting agent), and then mixing the solution 1, the
solution 2 and the CHO cells, followed by incubating the mixture at a shaker for expression for 12-14 days at 32°C to
collect the supermatant of the culture after centrifuge.

[0199] In some embodiments, a purification process is performed after the expression of the fusion protein.
In some embodiments, a purification process includes the steps of: (1) washing a column with a binding buffer (10
times volume) at a flow rate of 1 mL/min; (2) loading a fusion-protein-containing sample into the column at a flow

rate of 1 mL/min; (3) washing the column with 10x volumes of PBS buffer with a flow rate of 1 mL/min; (4) eluting
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the protein from the column with 40 mM sodium citrate (pH3.4); optionally the elution sample may be collected into
tubes (1ml/min) and measured for optical density (OD) using NanoDrop at 280 nm; and (5) performing dialysis, ¢.g.,
against PBS buffer in a dialysis bag overnight.

Fusion Proteins

[0200] Various Embodiments provide for fusion proteins as described herein. In particular embodiments,
the fusion protein is selected from the group consisting of FUSE-557, FUSE-626, FUSE-669, FUSE-670, FUSE- 675,
FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895, FUSE 952, FUSE-
1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109, FUSE-1110, FUSE-1111,
FUSE-1112. FUSE-1113, FUSE 1116, FUSE-1176, and FUSE-1177.

[0201] Various embodiments provide for fusion proteins as described herein. In particular embodiments,
the fusion protein comprises the IL-18 variant from FUSE-557, FUSE-626, FUSE-669, FUSE-670, FUSE- 675,
FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895, FUSE 952, FUSE-
1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109, FUSE-1110, FUSE-1111,
FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, or FUSE-1177: and a short polypeptide.

[0202] In particular embodiments, the fusion protein comprises a mature IL-18 variant selected from Table
1B; and a short polypeptide.
[0203] In various embodiments, the short polypeptide is on the N-terminus end. In other embodiments, the

short polypeptide is on the C-terminus end.

[0204] In various embodiments, the short polypeptide is 2, 3, or 4 amino acids,. In various embodiments,
the short polypeptides are flexible linkers or amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-25, 26-30 amino acids.
[0205] In various embodiments, the short polypeptide is 1, 2, 3, or 4 amino acids. In various embodiments,
the short polypeptides are 5,6, 7, 8,9, 10, 11, 12, 13, 14, 13, 16, 17, 18, 19, 20, 25, 30, or 35 amino acids.

[0206] Examples of these short polypeptides include but are not limited to a dimer of two amino acids, a tri-
mer of three amino acids, a 4-mer of four amino acids, a 5-mer of five amino acids, or a polypeptide selected from the
group consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID NO:235), and (GGGGX;, (SEQ ID NO:236)), wherein
X8 Q, A, E or S and n=1-5 or an integer larger than 5. In some embodiments, the amino acid linker has the amino
acid sequence of (GGGGS (SEQ ID NO:237))n where n is an integer between 1 and 5, thereby an amino acid linker
of 25 amino acids or shorter in length. Additional examples include (X, GGGG (SEQ ID NO:317)), wherein Xj, is Q.
A, Eor S and n=1-5 or in some embodiments, an integer larger than 5, (GXaGGG (SEQ ID NO:318)), wherein X, is
Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX,GG (SEQ ID NO:319)), wherein X5,
is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGGX,G (SEQ ID NO:320)), wherein
X, 15 Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5. Still additional examples include

(X.GGG)n wherein Xi.is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 3, (GX1GG). wherein
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Xi1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX;G), wherein X;.is Q, A, Eor S
and n=1-5 or in some embodiments, an integer larger than 3, (GGGXy), wherein X, is Q, A, E or S and n=1-5 or in
some embodiments, an integer larger than 3. Still additional examples include (X, GG), wherein X3, is Q, A, E or Sand
n=1-5 or in some embodiments, an integer larger than 5, (GX;G), wherein Xy, is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GGX.). wherein X is Q, A, E or S and n=1-5 or in some embodiments. Still
additional examples include (XxG). wherein X.is Q, A, E or S and n=1-5 or in some embodiments, an integer larger

than 5, (GX). wherein X5, 1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5.

IL-18 Variants

[0207] Various embodiments provide for IL-18 variants described herein. In particular embodiments, the
IL-18 variant is the IL-18 variant in FUSE-557, FUSE-626, FUSE-669, FUSE-670, FUSE- 675, FUSE-676, FUSE-
682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895, FUSE 952, FUSE-1015, FUSE-1016,
FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109, FUSE-1110, FUSE-1111, FUSE-1112, FUSE-
1113, FUSE 1116, FUSE-1176, and FUSE-1177. That is, the IL-18 variant is the mature 1L-18 variant from Table 1B

that corresponds with these designations.
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EXAMPLES
[0208] The following examples are provided to better illustrate the claimed invention and are not to be
interpreted as limiting the scope of the invention. To the extent that specific materials are mentioned, it is merely for
purposes of llustration and is not intended to limit the invention. One skilled in the art may develop equivalent means
or reactants without the exercise of inventive capacity and without departing from the scope of the invention.
Example 1

[0209] Figure 1 shows exemplary illustrations of pro-IL-18 fusion proteins (FIGs 1B-1C, 1E-1F, 1I-1J, 1L-
IM) and control fusion proteins (without pro-IL-18; FIGs 1A, 1D, 1G-H, 1K). All proteins incorporate a human IgG
scaffold that is either wild type homodimeric IgG1 as in FIGs 1D. 1G and 1J or comprising a knob-in-hole (KIH)
heterodimeric IgG1 Fc (FIGs 1A-1C, 1E-1F, TH-11. 1J-1M). Unless otherwise noted, all IgG1 Fc domains retain wild
type capacity to bind Fc y Rs and can therefore induce effector mediated Antibody Dependent Cellular Cytotoxicity
(ADCC) and Antibody Dependent Cellular Phagocytosis (ADCP). Pro-IL-18, when included in the fusion protein is
fused as (a) a singular cassette to either the C-terminal end of the knob (or hole) chain (FIGs 1B, 1E, 11 and 1L) or (b)
as singular cassettes to both the C-terminal ends of the knob and hole chains (FIGs 1C, 1F, 1J and 1M). Cleavage
sites, when present in the pro-1L-18 cassette, are indicated as a star shape. A tumor associated antigen binding domain
(TAA), when present, is fused as a single cassette to the N-terminal end of a knob (or hole) chain (FIGs 1A, 1B, 1C,
1K-1M), or both chains (FIGs 1D-1J) of the KIH. The TAA binding domain may be a VHH (e.g. EGFR specific
clonc 9G8; FIGs 1A-1F) or a fab (c.g. EGFR spccific clonc C225 from cctuximab; FIGs 1G-1M).

[0210] In some embodiments, the N-terminal end of the CHI domain of a knobs into holes (KIH)
heterodimeric IgG1 protein was fused to the C-terminal end of an anti-EGFR VHH or fab. The N-terminal of the KIH
protein consisted of (a) a single a VHH on the N-terminal HC knob (FIG. 1A), (b) a single fab on the N-terminal HC
knob (FIG. 1K) or (c) a fab on the N-terminal HC knob and HC hole (FIG. 1H). In some embodiments, the N-terminal
end of the CH1 domain of a homodimeric IgG1 protein was fused to the C-terminal end of a VHH or fab. In some
embodiments, the N-terminal of the IgG1 protein consisted of (a) a VHH on both N-terminal HCs (FIG. 1D) and (b)
a fab on both N-terminal HCs (FIG. 1G). In some embodiments, the N-terminal of one pro-IL-18mut2AV was fused
to the C-terminal of the CH3 domain of the knob-heavy chain (HC) of a knobs into holes (KIH) heterodimeric IgG1
protein. The N-terminal of the Fc fusions consisted of (a) a VHH clone on the N-terminal HC knob (FIG. 1B), (b) a
single fab on the N-terminal HC knob (FIG. 1L) or (c) a VHH on the N-terminal HC knob and on the HC hole (FIG.
1E) or (d) a fab on the N-terminal HC knob and HC hole (FIG. 1I). In all cases, a cleavage site, when present (¢.g. the
Granzyme B cleavage site, [EQD), was inserted within the IL-18 pro-peptide in place of the endogenous Caspase 1
cleavage site. In some embodiments, the N-terminal of pro-IL-18mut2AV was fused to the C-terminal of the CH3
domain of the HC knob and HC hole of a knobs into holes (KIH) heterodimeric IgG1 protein. The N-terminal of the
Fc fusions consisted of (a) a single VHH on the N-terminal HC knob (FIG. 1C) and (b) a single fab on the N-terminal
HC knob (FIG. 1M). In all cases, a cleavage site, when present, was inserted within the IL-18 pro-peptide. In some
cmbodiments, thc N-tcrminal of pro-IL-18mut2AV was fuscd to thc C-tcrminal of the CH3 domain of the
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homodimeric IgG1 protein. The N-terminal of the Fc fusions consisted of (a) a VHH on both N-terminal HCs or (b) a
fab on both N-terminal HCs (FIG. 1M). In all cascs, a cleavage site, when present, was inserted within the [L-18 pro-
peptide.
Example 2

[0211] As shown in figure 2, we assessed the capacity of FUSE556 (single armed anti-EGFR VHH 9Gg8-
IgG1), and FUSE®686 (single armed anti-EGFR VHH 9G8-IgG1-pro-IL-18) to induce (1) PBMC mediated Antibody
Dependent Cellular Cytotoxicity (ADCC) of the EGFR+ cell line, MDA-MB-231 (FIG. 2A) and (2) PBMC mediated
IFNy release (FIG. 2B). For FUSE686, pro-IL-18 was fused to the C-terminus FUSE556. Pro-IL-18 incorporates a
mutant propeptide upstream of IL-18 to mask/attenuate IL-18 activity. We demonstrated herein that such a propeptide
variant masking motif vastly reduced the trans activity of the protein, in some cases by >100,000 fold, compared to
wild type IL-18.

[0212] To determine the capacity of pro-IL-18 to augment EGFR dependent ADCC/ IFNy release when
delivered to both EGFR (tumor cells) and CD 16+ cells (NK cells) as a fusion protein, we mixed freshly isolated PBMC
with EGFR+ MDA-MB-231 engineered to express firefly luciferase for 48 hours in the presence of either FUSE556
(black closed circles), FUSE686 (black open circles, dashed line), or the negative control Hen Egg Lysozyme specific
antibody (anti-HEL; grey closed circles). The PBMC: tumor target ratio was 10:1. However, since NK cells mediate
ADCC and are found at a mean frequency of about 10%, the effective NK: tumor target ratio was approximately 1:1.
FUSEG686 was more potent (EC30-killing) than FUSE556 (>350 fold) and induced a higher maximum killing (~40%
higher). Summary tables of potency and maximum activity for the test articles are shown below each graph. With
relation to IFNy release, FUSE686 was more potent (EC50- IFNy release) than FUSES56 (>300 fold) and induced a
higher maximum [FNy release (~3.5 fold higher). Given that pro-IL-18 was previously found to have little to no activity
when non-targeted (trans-activity), we interpret the results as indicating that pro-IL-18, when targeted to CD16 via
wild type IgG1, can bind to the IL-18R complex when bound in close proximity to it (i.c. CD16 on the same cell).

Such targeted/proximity related activity has been previously terms as occurring in cis.

Example 3

[0213] As shown in figure 3, we assessed the capacity of FUSE556 (single armed anti-EGFR VHH 9G8-
IgGl; targets both EGFR and FcyR), and the combination (1:1, molar equivalence) of FUSE566 and FUSE422 (IgG1-
pro-IL-18; only targets FcyR) to induce (1) PBMC mediated Antibody Dependent Cellular Cytotoxicity (ADCC) of
the EGFR+ ccll linc, MDA-MB-231 (FIG. 3A) and (2) PBMC mcdiatcd IFNy rcleasc (FIG. 3B). For FUSE422, pro-
IL-18 was fused to the C-terminus of the Fc domain of IgG1. FUSE422 is shown herein to be >100,000 fold attenuated
in trans compared to wild type IL-18.

[0214] To assess the capacity of pro-IL-18 to augment EGFR dependent ADCC/IFNYy release induced by
FUSE366 when co-delivered to CD16+ cells (NK cells) as Fc-pro-IL-18 (FUSEA422), we mixed freshly isolated
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PBMC with EGFR+ MDA-MB-231 engineered to express firefly luciferase for 48 hours in the presence of either
FUSE356 (black closed circles), the 1:1 molar combination of FUSE556 and FUSE422 (black open circles, dashed
line), FUSEA22 alone (black open boxes; dashed line) or the negative control Hen Egg Lysozyme specific antibody
(anti-HEL.: grey closed circles). The PBMC: tumor target ratio was 30:1. However, since NK cells mediate ADCC
and are found at a mean frequency of about 10%, the effective NK: tumor target ratio was approximately 3:1.

[0215] The combination of FUSE556 and FUSE422 was more potent (EC50-killing) than FUSE556 (>250
fold) and induced a higher maximum killing (~100% higher). Summary tables of potency and maximum activity for
the test articles are shown below each graph. Neither FUSE422 nor anti-HEL induced appreciable PBMC (NK)
mediated killing of MDA-MB-231. FUSEA422 induced a small degree of killing (<5% maximum killing relative to the
combination of FUSE556 and FUSE422). This was likely due to targeting of pro-IL-18 to “allo-reactive” NK cells
such that the small degree of killing was dependent on “lack of self” and/or expression of ligands for activation
receptors such as NKG2D. Indeed, MDA-MB-231 has been reported to express MIC-B, a ligand for NKG2D (see
eg., onlinelibrary.wiley.com/doi/full/10.1002/jc.28174; www.nature.com/articles/bjc201779;
link.springer.com/article/10.1007/s12192-014-0532-3)

[0216] Results related to [FNy release were similar to cytotoxicity except that FUSE422 induced no cytokine
release over background or the negative control anti-HEL antibody. The combination of FUSE556 and FUSE422 was
more potent (EC50-killing) than FUSE556 (>150 fold) and induced a higher maximum killing (~700% higher).
Summary tables of potency and maximum activity for the test articles are shown below each graph.

[0217] Taken together with the results from FIG. 1, our data indicates that pro-IL-18, when targeted to CD 16
via wild type IgG1. either as an Fc fusion alone (no intrinsic ADCC capacity) or an EGFR targeted Fc fusion (binds
both CD16 and EGFR to induce ADCC), can bind to and activate the TL-18R complex in cis.

Example 4
[0218] As shown in figure 4, we assessed the impact of targeting pro-IL-18 to PD1 on the activation of
purified T cells from a healthy human donor when mixed with DC from a second healthy human donor ata T:DC ratio
of 10:1. IFNy release at 72 hours of co-culture was used as the readout of activation. DC were differentiated in-vitro
from PBMC using GM-CSF and IL-4 for 7 days. The following proteins were tested: Human recombinant IL-18
(positive control; black closed stars), FUSE691 (nivolumab; black closed circles), FUSE645 (EGFR targeted IgG1-
pro-IL-18; non-targeted in this system; gray closed circles-dashed line) and FUSE694 (nivolumab-pro-IL-18: black
open circles-dashed line). Consistent with our finding using the HEK-Blue-IL-18 reporter cell line as described herein,
trans activating pro-IL-18 used in the non targeted FUSE645 was vastly attenuated relative to human recombinant IL-
18 both as a degree of potency (~1000-fold difference in EC50- IFNy release) and maximum IFNy release (~10 fold).
Targeting pro-IL-18 to PD1 via fusion of pro-IL-18 to the C-terminus of nivolumab (FUSE694) resulted in about a 2-
fold and 20-fold increase in potency relative to FUSE645 and FUSE691 (nivolumab), respectively. Importantly,
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maximum T cell mediated TFNy release induced by FUSE694 increased by 7-fold and 3.5-fold relative to FUSE645
and FUSE691 (nivolumab). respectively. Summary tables of potency and maximum activity for the test articles are
shown below each graph. This data indicates that although pro-IL-18 is largely non-functional when non-targeted (i.e..
acting in trans), when delivered to PD1 and hence placed in close proximity to the IL-18R complex expressed by PD1+
T cells augments IFNy release, our measure of T cell activation in this system. As described previously for targeting
of CD16, the data is supportive of pro-IL-18 acting is cis when targeted to T cells co-expressing PD1 and the IL-18R
complex. Given that PD1+ T cells within TIL have been reported to constitute a major fraction of the tumor specific
T cells within tumors, PD1 dependent cis activity related to pro-IL-18 may promote the cytotoxic potential,
proliferation, survival and memory formation of tumor specific T cells without the indiscriminate activation of other

cells that may contribute to systemic toxicity.

LIxample 5
[0219] As shown in figure 5, we assessed the capacity of FUSE556 (single armed anti-EGFR VHH 9G8-
IgG1), and FUSES516 (single armed anti-EGFR VHH 9G8-IgG1-pro-IL-18) to induce PBMC mediated Antibody
Dependent Cellular Cytotoxicity (ADCC) of the EGFR+ cell line, MDA-MB-231. For FUSE516, pro-IL-18 included
the Granzyme B cleavage site, [EQD, within the pro-peptide such that in addition to the CD16 targeted cis related
activity of pro-IL-18, cxposurc to Granzymc B (rclcascd by NK cells mediating ADCC) would relcase the active
mature form (18 kDa) of IL-18. Freshly isolated PBMC were mixed together with MDA-MB-231 engineered to
express firefly luciferase for 48 hours in the presence of either FUSES56 (black closed circles), FUSES16 (black open
circles, dashed line), FUSE442 (non targeted IgG 1-pro-IL-18 control; grey closed circles) or the negative control Hen
Egg Lysozyme specific antibody (anti-HEL:; grey closed circles). The assay was repeated with PBMC from four
different normal human donors as indicated in FIGs 5A-5D. The PBMC: tumor target ratio was 30:1. However, since
NK cells mediate ADCC and are found at a mean frequency of about 10%, the effective NK: tumor target ratio was
approximately 3:1. For all donors, FUSES5 16 was more potent (EC50-killing) than FUSES56 (ranging from ~100 fold
to >1000 fold) and induced a higher maximum killing (ranging from about 30% to 800% higher). Summary tables of

potency and maximum activity for the test articles are shown below each graph.

Example 6
[0220] As shown in figure 6, we assessed the capacity of FUSE556 (single armed anti-EGFR VHH 9G8-
IgG1; black closed circles), and FUSES516 (single armed anti-EGFR VHH 9G8-IgG 1-pro-IL-18; black open circles,
dashed line) to induce several readouts mediated by freshly isolated PBMC in co-culture with the EGFR+ cell line,
MDA-MB-231 after 48 hours of co-culture at an E:T of 30:1. This corresponds to an effective NK: tumor target ratio
of approximately 3:1. FUSE442 (non targeted IgG1-pro-IL-18 control; grey closed circles) and the anti-HEL (grey
closed circles) were used as negative controls. The functional readouts were as follows: (a) ADCC (FIG. 6A), IFNy
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release (FIG. 6B), Granzyme B release (FIG. 6C), and IL-18 release/consumption (FIG. 6D). We observed potent
PBMC mediated killing and IFNy release induced by FUSE516. For ADCC, IFNy release and Granzyme B release,
the potency (EC50-killing, EC50-IFNy release and EC30-Granzyme B release, respectively) associated with FUSES 16
was >200-fold, >50-fold, ~50-fold greater than FUSE556. Maximum induction for each readout was about 100%
(ADCC), 500% (IFNy) and 250% (Granzyme B) for FUSE516 versus FUSE556. Summary tables of potency and
maximum activity for the test articles are shown below each graph. The non-targeted pro-IL-18 control, FUSE442,
induced very minimal killing of target cells (EC50-killing >25 nM and max killing <6%), which was independent of
ADCC and likely related to the recognition of ligands for NK activation receptor(s) known to be expressed on MDA -
MB-231 such as MICA/B (Shen et al., Cell Death and Disease. 2017) or minor degree of T cell mediated allo-
reactivity.

[0221] We also measured the magnitude of IL-18 released into the supematant of the assay described above.
Here, the IL-18 reporter cell line, HEK-Blue-IL-18, was exposed to assay supematants and SEAP activity measured
as a surrogate for IL-18 activity. FIG. 6D illustrates the results such that FUSES16 (black open circles, dashed line)
that incorporates a Granzyme B cleavage site between its Fc domain and IL-18 but not FUSE556 (black closed circles)
released IL-18 is a dose dependent manner in co-culture with PBMC and MDA-MB-231. To estimate the degree of
IL-18 consumed by NK cells during the ADCC process, we added rhIL-18 to the PBMC/tumor cel/[FUSE556 co-
culture (grey closed circles). Here we observed a FUSES56 dose dependent decrease in IL-18 in the assay supernatant.
Given that FUSE5 16 induced strong tumor cell killing and IFNy release, we interpret that data as indicating that NK
cells exposed to FUSE516 consume more IL-18 than those exposed to FUSE556. As such, the magnitude of 1L-18
estimated to be released by FUSE516 in FIG. 5D is likely underestimated.

Example 7

[0222] As shown in figure 7, we assessed the capacity of FUSE356 (single armed anti-EGFR VHH 9G8-
IgG1), and variants of pro-IL-18 fused to the C-terminus of FUSE566 with different protease cleavage sites between
the Fc domain and pro-IL-18 to induce PBMC mediated Antibody Dependent Cellular Cytotoxicity (ADCC) of the
EGFR+ cell line, MDA-MB-231. The different protease sites tested in FIG. 7A were Granzyme A (FUSE658),
Granzyme B (FUSE516). MMP2/9 (FUSE659), and the combination of Granzyme A, Granzyme B and MMP2/9
(FUSE®660). Granzvme A and B would be expected to be released by NK cells mediating ADCC whereas MMP?2 has
been reported as expressed/secreted by MDA-MB-231 (www.ncbinlm nih.gov/pmc/articles/ PMC5661385). Also
tested was FUSE627 that contains the PGLALA mutation in the Fc domain to abolish targeting to FcyRs (FIG. 7B)
and hence abrogate bridging between FcyR+ NK cells and EGFR+ tumor cells, which is the driver of ADCC in the
reported system.

[0223] To assess the impact of the aforementioned protease cleavage sites on the capacity of pro-IL-18 to
augment EGFR dependent ADCC, we mixed freshly isolated PBMC with EGFR+ MDA-MB-231 cells engineered to
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express firefly luciferase for 48 hours in the presence of either FUSES556 (black closed circles; FIGs 7A-7B), FUSE658
(black open diamonds, dashed line; FIG. 7A), FUSES16 (black open boxes; dashed line; FIGs 7A-7B), FUSE659
(black open triangles: dashed lines; FIG. 7A), FUSE660 (black closed stars, dashed lines; FIG. 7A), or the negative
control Hen Egg Lysozyme specific antibody (anti-HEL; grey squares). The PBMC: tumor target ratio was 30:1 (FIG.
7A) or 10:1 (FIG. 7B). Since NK cells mediate ADCC and are found at a mean frequency of about 10%, the effective
NK: tumor target ratio was approximately 3:1 (FIG. 7A) and 1:1 (FIG. 7B).

[0224] As seen in FIG. 7A, we found that the rank order of killing potency as it relates to cleavage site(s)
was (1) the combination of Granzyme A, Granzyme B and MMP2/9 (FUSE660), which was about 2-fold greater than
both (2) Granzyme B (FUSE516) and (3) MMP2/9 (FUSE659), while it was about 3-fold greater than (4) Granzyme
A (FUSE658). The rank order as it relates to maximum killing was the same except that Granzyme B (FUSE516) was
greater than MMP2/9 (FUSE659). In each case, the difference in maximum killing between each test article was about
10%. That the combination of cleavage sites for all three of Granzyme A, Granzyme B and MMP2/9 was superior to
any single cleavage site alone is consistent with the inducible trans activity of pro-IL-18. To semi-quantitate the degree
of IL-18 dependent tumor cell killing mediated in trans in the absence of effector to tumor bridging, we compared
FUSES5 16 to FUSE627 (FIG. 7B). FUSE627 is identical to FUSE516 except it contains the PGLALA mutation
reported to abrogate binding of IgG1 to FcyRs pubmed ncbi.nlm nih gov/27578889. As such, the pro-IL-18 domain in
FUSE627 is not targeted to FcyRs expressed on NK cells and does not act in cis. Further, FUSE627 cannot bridge
FeyRs expressed on NK cells to EGFR expressed on MDA-MB-231. Any activity associated with FUSE627 (gray
open inverted triangles) would be interpreted as stemming from the trans activity of either pro-IL-18 or Granzyme B
released mature 1L-18. Such release of Granzyme B would likely result from the interaction of “allo-reactive” NK
cells with MDA-MB-231 tumor cells that (a) do not express HLA molecules to which the NK cells were educated
and/or (b) cxprcss MIC-B, a ligand for activation rcecptor, NKG2D; www.naturc.com/articles/bjc201779;
link springer.com/article/10.1007/s12192-014-0532-5). Alloreactivity dependent release of Granzyme B would then
be expected to release mature IL-18 and in tum augments NK mediated killing of the allogeneic target, MDA-MB-
231

[0225] Unless otherwise specified, in the context of an IL-18 fusion protein disclosed in this invention, any
interaction between IL-18 and its ligand, the IL-18 receptor complex, that is not dependent on a targeting moiety to
facilitate the interaction between IL-18 and its receptor at close proximity, is considered a trans interaction; and in
contrast, any interaction between IL-18 within an IL-18 fusion protein and its receptor that requires the targeting moiety
also within the fusion protein to facilitate an interaction between 1L-18 and its receptor is considered as occurring in
cis. In such a cis based interaction, the targeted molecule (e.g., PD-1) is expressed on the same cell as the 1L-18R
complex (e.g. an NK cell). Generally speaking, in cellular biology, the term “cis™ refers to the interaction between two
molecules such as proteins expressed on the same cell. For example the interaction between B7-1 and PD-L1 on T

cells is a cis interaction. For multispecific proteins, those that bind two proteins on the same cell simultancously are
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also referred to as having a cis interaction. In cellular biology, the term “trans™ refers to the interaction between two
molecules such as proteins on different cells. For example, the interaction between the prototypical interaction of the
T cell Receptor (TCR) and its ligand, an MHC-I/peptide complex, is a trans interaction. For multispecific proteins,
those that bind one protein on one cell and a second protein on a separate cell, i.e., forming a “bridge” between the two
cells, would be considered as occurring in trans. Further, interaction between a soluble protein and a cell surface
protein, although not forming a cellular bridge, is accepted to fall within the definition of a trans interaction. In the
therapeutics landscape, soluble proteins that naturally interact with their ligand in trans are often engineered to be of
such low affinity that they no longer bind their ligand unless brought into close proximity of it via a targeting moiety
that binds another protein on the same cell. This scenario allows for cell targeted activity of the soluble protein and is
categorized as a cis interaction.

[0226] As previously observed, FUSE516 was more potent (EC50-killing) than FUSES56 (~10 fold) and
induced a higher maximum killing (~15% higher). In contrast, FUSE627 was observed to induce very weak killing
consistent with augmentation of “background” alloreactive cytotoxicity that results in the of small amounts of
Granzyme B into the media, which can then release fully active IL-18 from FUSE627. Summary tables of potency

and maximum activity for the test articles are shown below each graph.

Example 8

[0227] As shown in figurc 8, we asscssed the capacity of FUSES56 (single armed anti-EGFR VHH 9G8-
IgG1; black closed circles), and FUSES16 (single armed anti-EGFR VHH 9G8-IgG 1 -pro-IL-18; black open circles,
dashed line) to induce two readouts (ADCC and IFNYy release) mediated by expanded NK cells in co-culture with the
EGFR+ cell line, MDA-MB-231 after 48 hours of co-culture at E:T ratios of 1:1 and 1:5. An E:T ratio of 5:1 was also
tested, and yielded similar results to 1:1 and is not shown. The anti-HEL antibody (grey closed circles) was used as the
negative control and no functional activity was obscrved with this protein. The functional rcadouts were as follows:
(@) ADCC (FIGs 8A and 8B) and IFNy release (FIGs 8C and 8D). Effector populations of NK cells were expanded
from PBMC isolated from two distinct healthy donors. The data shown is calculated based on the average of the two
donors.

[0228] At both ET ratios, FUSE516 was more potent than FUSE556. For ADCC, (a) the difference in
potency between FUSES16 and FUSES56 was approximately 60-fold and (b) the difference in maximum killing
between FUSES 16 and FUSES36 ranged between 30-50%.

[0229] For IFNy release, the difference in (a) potency between FUSES16 and FUSES56 ranged between 40-
fold and >130-fold and may be modesty inversely related to E:T and (b) maximum IFNy release between FUSES16
and FUSE556 ranged between 250% and 380%. Summary tables of potency and maximum activity for the test articles
are shown below each graph. FUSE316 is depicted as open circles and FUSES36 as closed squares. The EC30 values
for killing and IFNy release obtained using an E:T ratio of 5:1 are included in this analysis. This data generated using
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expanded NK cells of >95% purity (data not shown) is highly similar to that observed with PBMC as effector cells
(see FIG. 6), thus providing support that the effector cells within PBMC mediating killing of tumor targets and
releasing IFNy are NK cells. The difference in the magnitude of IFNy release between FUSES16 and FUSES66 is
impressive and suggests that FUSES 16 may promote enhanced anti-tumor activity not only via ADCC but also via the

promotion of innate and adaptive immunity including tumor antigen presentation and bystander killing.

LIxample 9

[0230] As shown in figure 9, we assessed the capacity of FUSES55 (dual armed anti-EGFR Fab C225-
IgG1-pro-IL-18: black open circles, dashed line), and cetuximab (black closed squares) to induce two readouts (ADCC
and IFNy release) mediated by freshly isolated PBMC in co-culture with the EGFR+ cell line, MDA-MB-231 after 40
hours of co-culturc at an E: T ratio of 2:1. The anti-HEL antibody (grcy closcd circles) was used as the negative control
and no functional activity was observed with this protein. The functional readouts were as follows: (a) ADCC (FIG.
9A) and IFNy release (FIG. 9B). Effector populations of NK cells were expanded from PBMC isolated from two
distinct healthy donors. The data shown is calculated based on the average of the two donors.

[0231] For ADCC, (a) the difference in potency between FUSESSS was approximately 3-fold more potent
than Cetuximab and (b) maximum killing induced by FUSES535 was about 40% greater than Cetuximab.

[0232] For IFNy release (see FIG. 9B), the difference in (a) potency between FUSESS5 and Cetuximab was
about 3-fold and (b) maximum IFNy release associated with FUSE555 was about 200% higher relative to cetuximab.
FUSES5S55 is depicted as open circles and Cetuximab as closed squares. Summary tables of potency and maximum
activity for the test articles are shown below each graph. The difference in the magnitude of IFNy release between
FUSES555 and Cetuximab is highly appreciable. Since IFNy can impact anti-tumor activity by promoting innate and
adaptive immune responses, we potentially consider FUSES55 a far superior therapeutic compared to Cetuximab.
FUSES555 may promote enhanced anti-tumor activity not only via ADCC but also via the promotion of innate and

adaptive immunity including tumor antigen presentation and bystander killing.

Example 10

[0233] As shown in figure 10, we assessed the capacity of FUSE624 (dual armed anti-HER2 Fab IgGl1-
pro-IL-18 (black open circles, dashed line), and trastuzumab (black closed squares) to induce two readouts (ADCC
and IFNy release) mediated by freshly isolated PBMC in co-culture with the HER2+ cell line, T47D after 24 hours of
co-culture at an E:T ratio of 5:1. The anti-HEL antibody (grey closed circles) was used as the negative control and no
functional activity was observed with this protein. The functional readouts were as follows: (a) ADCC (FIG. 10A) and
IFNy release (FIG. 10B).

[0234] For ADCC, FUSE624 was (a) approximately 30-fold more potent than trastuzumab and (b)

maximum killing was about 2-fold greater versus trastuzumab.
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[0235] For IFNy rclcasc, (a) FUSE624 was about 10-fold morc potent than trastuzumab and (b) maximum
IFNy release induced by FUSE624 was approximately 16-fold higher than trastuzumab. FUSE624 is depicted as open
circles and trastuzumab as closed squares. Summary tables of potency and maximum activity for the test articles are
shown below each graph. The difference in the magnitude of IFNy release between FUSE624 and trastuzumab is very
impressive. Since IFNy can impact anti-tumor activity by promoting innate and adaptive immune responses, we
potentially consider FUSE624 a far superior therapeutic compared to trastuzumab. FUSE624 may promote enhanced
anti-tumor activity not only via ADCC but also via the promotion of innate and adaptive immunity including tumor
antigen presentation and bystander killing.

Example 11
[0236] As shown in Figure 26, we assessed the capacity of an anti-PDL 1 antibody incorporating a pro-IL-
18amut2 variant, designed so that it cannot be cleaved by Granzyme B, to induce T cell mediated IFNy release. In this
context, any enhancement of IFNy release relative to the impact of anti-PDL1 alone (atezolizumab) is interpreted as
the result of (1) a cis based interaction between pro-IL-18amut2 and the IL-18R complex expressed on PD-L1+
activated T cells and/or (2) pro-IL-18amut2 decorated on PD-L1+ activated T cells interacting with IL-18R complexes
on neighboring IL-18R+ T cells. The assay system used consisted of human T cells preactivated for 72 hours with
CD3/CD28 coated beads to upregulate PDL1 (and PD1) expression mixed with MDA-MB-231 (RORI1+) stably
expressing firefly luciferase and eGFP at an E:T ratio of 10:1 and 10 pM of aROR1 x CD3 bsAb (Fuse608). Fuse608
served to create an artificial synapse between the T cells and ROR1+ tumor cells and deliver a suboptimal signal via
the TCR/CD3 complex that resulted in the background IFNy release. 10 pM was calculated as the concentration of
Fuse608 to induce 20% maximal IFNy release. A titration of the following test articles was added to the aforementioned
T cell/tumor cell co-culture system and IFNy release measured after 48 hours: (1) atezolizumab (black closed circles),
(2) Fuse882 (open square, dashed line) consisting of a single non-cleavable pro-IL-18amut2 fused to the C-terminal
knob of a knobs into holes human IgG1 version of atezolizumab, (3) Fuse895 consisting of a single non-cleavable pro-
IL-18amut2 fused to the N-terminal knob of a knobs into holes human IgG1 version of monovalent atezolizumab
whereby the anti-PDL1 fab was fused to the N-terminal hole (open circles, dashed line) or (4) an anti-HEL antibody
(grey circles) which served as the isotype matched negative control. As shown in the non-linear x-y plot depicting
concentration of test article versus the magnitude of IFNy relcase, a highly appreciable ecnhancement of IFNy relcase
was observed with Fuse893 relative to atezolizumab at the orders of about 4-fold and 3-fold for maximum IFNy release
and the potency (EC50) of IFNy release, respectively. A summary table of EC50, Emax and AUC (area under the

curve) is shown beneath of x-y plot.

Example 12
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[0237] As shown in Figurc 27A-27B, we asscsscd the capacity of an anti-PD1 antibody, incorporating onc
of two pro-IL-18 variants (pro-IL18amut2 or pro-IL18amut9), designed so that it cannot be cleaved by Granzyme B,
to induce T cell mediated tumor cell killing (FIG. 27A) and IFNy release (FIG. 27B). In this context, any enhancement
of tumor cell killing and IFNy release relative to the impact of anti-PD1 alone is interpreted as the result of a cis based
interaction between pro-IL-18 and the IL-18R complex expressed on PD-1+ activated T cells. The assay system used
consisted of purified human T cells mixed with MDA-MB-231 (ROR1+) stably expressing firefly luciferase and eGFP
at an E:T ratio of 10:1 and 10 pM of a RORI x CD3 bsAb (Fuse608). As described above, Fuse608 served to create
an artificial synapse between the T cells and ROR 1+ tumor cells and deliver a suboptimal signal via the TCR/CD3
complex.

[0238] A titration of test articles was added to the aforementioned T celltumor cell co-culture system. Tumor
cell killing and IFNy release were measured after 72 hours. The test articles assessed were: (1) anti-PD-1 with pro-IL-
[8amut2 incorporated on the C-terminal knob (Fuse783; closed square), (2) anti-PD-1 with pro-IL-18amut2
incorporated on the N-terminal hole (Fusel042; closed reverse triangle), (3) anti-PD-1 with pro-IL-18amut9
incorporated on the N-terminal hole (Fuse1044; closed triangle), (4) anti-PD1 (Fuse1041: open triangle, dashed line)
and (5) Fusel015 (open reverse triangle, dashed line), which was equivalent to Fuse1042 except specific for mouse
PD-1 and hence served as the none-targeted pro-IL-18amut2 control. An anti-HEL antibody (grey closed circle) was
used as the isotype matched negative control. FIG. 27A is the non-linear x-y plot depicting concentration of test article
versus the magnitude of tumor cell killing. Relative to anti-PD-1 alone, the three test articles incorporating pro-IL-18
were observed to induce between 60-80% more killing (based on Emax), with pro-IL-18amut9 being the most potent.
FIG. 27B is a non-linear x-y plot depicting concentration of test article versus the magnitude of IFNy release. In this
setting, the three test articles incorporating pro-IL-18 induced stronger IFNy release relative to anti-PD-1 alone that
ranged in enhanced activity between 8-11 fold (based on Emax) and at least 3-10 fold (based on EC50). As observed
for tumor cell killing, pro-IL-18amut9 was the most potent.

Example 13
[0239] As shown in figure 28, we assessed the capacity of several IL-18 variants to induce non-targeted trans
based release of SEAP from HEK-Blue-IL-18. As previously indicated, HEK-Blue-IL-18 expresses the human IL-18
receptor complex and responds to exposure to IL-18 via the release of SEAP due to the integration of a transgene
encoding SEAP downstream of an AP1/NFxB minimal promoter. HEK-Blue-IL-18 were culture with a titration of
test articles for 24 hours. The test articles cxamined were the following IL-18 variants fused to an IgG1-LALA
backbone targeted to PD-1 using the paratope from nivolumab: IL18mut2 (Fuse832; open triangle, dashed line),
IL18mut2R (Fuse1116: reverse closed triangle), IL18mutl13 (Fusel 109; closed square), IL18mut14 (Fuse1110; open
circle, dashed line), IL18mut15 (Fuse1111; open square, dashed line) and IL18mut16 (Fuse1112; closed circle). TNFo

(closed gray circle) was used as the negative control and recombinant human IL-18 was used as the reference
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compound (gray star). Based on the non-linear x-y plot of shown, the rank order of IL-18 induced SEAP release was
Fuse832>Fuse1116>Fusel 109>Fuse1111/Fuse1112>>>Fusel1110. The human recombinant IL-18 reference
exhibited similar activity to Fuse832. A summary table of EC30s for the test articles are shown below the graph.

Example 14
[0240] As shown in figure 29A and 29B, we assessed the capacity of several IL-18 variants targeted to
human PD-1 to induce cis based release of [FNy from human PBMC derived from a healthy human donor (FIG. 29A)
or human T cells (FIG. 29B). For FIG. 29A, PBMC were treated activated with the CD3 specific antibody, pelicluster
CD3, for 48 hours to induce upregulation of PD-1 expression. After washing, these PBMC were culture in a titration
of test articles in the presence of a suboptimal concentration of pelicluster CD3 and IFNy released into the supematant
asscsscd after 72 hours. The test articles examined were the following IL-18 variants fuscd to an IgG1-LALA backbone
targeted to PD-1 using the paratope from nivolumab: IL18mut2 (Fuse1017; reverse open triangle, dashed line),
IL18mut2R (Fuse1116: closed reverse triangle), IL18mutl3 (Fusel 109; closed square), IL18mut14 (Fuse1110; open
circle, dashed line), IL18mutl5 (Fusel111; open square, dashed line) and IL18mutl6 (Fusel112: closed circle). The
anti-HEL specific antibody (gray closed circle) was used as the negative isotype matched control and recombinant
human IL-18 was added as a non-targeted reference (gray star). Based on the non-linear x-y plot of shown, the rank
order of IL-18 induced IFNy release was Fuse1116 > Fuse1017 >Fuse1109>Fuse1111/Fuse1112>>>Fuse1110. The
PD-1 targeted activity of Fuse1116 and Fuse1017 were both greater than the human recombinant IL-18 reference,
whereas Fusel109. Fuse1112 and Fuse1112 were similar in activity to the human recombinant IL-18 reference and
Fusel110, based on the EC50mnyciease Was >30x weaker than the human recombinant IL-18 reference. A summary
table of EC50s and maximum activity for the test articles are shown below the graph. For FIG. 29B, T cells were mixed
with MDA-MB-231 engineered to express high cell surface levels of human RORI at an E:T of 5:1 in a titration of
test articles in the presence of a suboptimal concentration of a ROR1 x CD3 bispecific antibody equivalent to 20%
maximal activity (10 pM of Fuse608) and IFNy released into the supematant assessed after 72 hours. The test articles
examined were the following IL-18 variants fused to an IgG1-LALA backbone targeted to PD-1 using the paratope
from nivolumab: IL18mut2 (Fusel017; reverse open triangle, dashed line), IL18mut9 containing a 10,000 fold
attenuating mutant propeptide on the N-terminal of the mature cytokine (Fuse1044; closed reverse triangle), IL18mut2
containing a 10,000 fold attenuating mutant propeptide on the N-terminal of the mature cytokine (Fusel042; closed
square), 1L18mutl3 containing a 100 fold attenuating polypeptide on the N-terminal of the mature cytokine
(Fuse1177; open circle, dashed line), and Fuse691 (nivolumab biosimilar; black closed circle). The anti-HEL specific
antibody (gray closed circle) was used as the negative isotype matched control. Based on the non-linear x-y plot of
shown, the rank order of IL-18 induced IFNy release was Fusel017 >Fuse1044>Fuse1042/Fuse1177>>Fuse691. A

summary table of EC50s and maximum activity for the test articles are shown below the graph.
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Example 15

[0241] As shown in figure 30A-30B, we assessed the capacity of an exemplary IL-18 variant targeted to
mouse PD-1 to mediate tumor growth inhibition of an aggressive syngeneic melanoma tumor in a fully
immunocompetent mouse tumor model. C37BL/6 mice were subcutancously injected with 1x10°6 B16-F10 tumor
cells into which we engineered human ROR1 (B16-F10-R) into the right flank. When the tumors reached 75 mm”3,
the mice were randomized into 4 groups of 5 mice each and treatment administered intraperitoneally on days 0, 3 and
6 at a dose of 15 mg/kg. The test articles examined were Fuse952 (open circle; recombinant anti-mouse-PD1 clone
RMP1.14 human IgG1 LALA), Fuse1113 (open triangle, dashed line; single arm RMP1.14 Fab x IL-18mut2A human
IgG1 LALA in a knobs into holes configuration whereby the mouse PD1 specific Fab and IL-18 variant may be on
the N-terminal knob and hole, respectively, or vice versa) and Fusel176 (closed triangle; recombinant anti-mouse-
PDI clone RMP1.14 human IgG1 LALA in which IL-18mut2A has been fused to the N-terminus of the RMP1.14
light chain). PBS was used as the negative control treatment. Figure 30A is x-y plot of tumor volume in mm”3 versus
time in days. Figure 30B is x-y plot of body weight in grams versus time in days. Fuse1113 induced about 100% tumor
growth inhibition (TGI) and a complete response rate of 60%. Fuse 1176 induced about a 75% TGI and a 40% complete
response rate. Transient weight loss was observed between days 10 and 15 in the groups receiving Fusel113 and 1176.
This was attributed to an ADA (anti-drug antibody) response, which is not unexpected for a fully human test article in
a fully immunocompetent mouse model, which is xenogeneic relative to the test article.

[0242] On day 5 following the initiation of treatment, tumors were cxcised (n=5 mice per group), single ccll
suspensions generated and flow cytometry performed using the protocol described by Xu et al
(pubmed.ncbi.nlm.nih.gov/38091375/). As shown in FIG. 30C, the number of different lymphocyte subsets per gram
of tumor was assessed from tumor bearing mice treated with PBS (light grey), anti-PD1 (black), and Fusel113
(horizontal lines). TIL were defined as live mouse CD45+ cells. Within the TIL subset, T cells were defined as CD3+
cells, CD8+ T cells were defined as CD3+ CD8+ cells, CD8+ T effector memory cells (TEM; and effector CD8+ T
cells) were defined as CD3+ CD8+ CD62L- CD44+ cells, CD8+ T central memory cells (TCM) were defined as
CD3+ CD8+ CD62L+ CD44+ cells, and anti-PD-1 responsive CD8+ T cells (progenitor exhausted CD8+ T cells)
were defined as CD3+ CD8+ PD-1+ TIM3- TCF-1+ cells. FIG. 30D depicts the frequency of total myeloid cells
(CD11b+ cells), M2 macrophages (CD11b+ F4-80+ CD11¢-CD206+ cells) and the ratios of CD8+ T cells to total
Myeloid Derived Suppressor Cells (MDSC; CD11b+ Ly6C+ Ly6G- [M-MDSC] and CD11b+ Ly6C-mid Ly6G+ [G-
MDSC]) , CD8+ T cells to M2 macrophages, anti-PD-1 responsive CD8+ T cells to MDSC, and CD8+ T cells to
CD4+ T cells. Relative to treatment with anti-PD-1 alone, treatment with Fuse1113 results in about a 10 fold increase
m T cells, about a 20 fold increase in CD8+ T cells. about a 12 fold increase in CD8+ TEM cells, about a 13 fold
increase in CD8+ TCM cells, and about a 20 fold increase in anti-PD-1 responsive CD8+ T cells. Total myeloid cells
were decreased by about 50%, the ratio of CD8+ T cells to MDSC was increased by about 7 fold, CD8+ T cells to M2
macrophages was increased by about 14 fold, CD8+ T cells to CD4+ T cells was increased by about 6 fold and anti-
PD-1 responsive CD8+ T cells to MDSC was increased by about 6 fold.
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[0243]

Example 16
[0244] As shown in figure 31, we assessed the capacity of an exemplary 1L-18 variant targeted to mouse
PD-1 to mediate tumor growth inhibition in a syngeneic colorectal cancer tumor in a fully immunocompetent mouse
tumor model. Balb/c mice were subcutancously injected with 3x1076 CT26 tumor cells into which human Cadherin-
17 was engineered (CT26-C) into the right flank. When the tumors reached 75-100 mm”3, the mice were randomized
into 4 groups of 5 mice each and treatment administered intraperitoneally on days 0, 4 and 8 at a dose of 15 mg/kg.
The test articles examined were Fuse952 (open circle, dashed line; recombinant anti-mouse-PD1 clone RMP1.14
human IgG1 LALA), Fuse1113 (open triangle, dashed line; single atm RMP1.14 Fab x IL-18mut2A human IgG1
LALA in a knobs into holes configuration whereby the mouse PD1 specific Fab and IL-18 variant may be on the N-
terminal knob and hole, respectively, or vice versa) and a combination of Fuse1114 and Fuse952 (closed triangle).
Fuse1114 is identical to Fuse1113 expect that it is targeted to human PD-1, which is not present in Balb/c mice and
therefore served as the non-targeted I1-18mut2 A control. PBS was used as the negative control treatment. Figure 31A
1s x-y plot of tumor volume in mm"3 versus time in days. Figure 31B is x-y plot of body weight in grams versus time
in days. Fusel113 induced about a complete response rate of 100%. The combination of Fusel114 and Fuse952 was

not appreciably different from Fuse952 alone. No appreciable weight loss was observed across the four groups of mice.

Example 17
[0245] As shown in figure 32A-32B, we assessed the capacity of an exemplary IL-18 variant targeted to
mouse PD-1 to mediate tumor growth inhibition in a syngeneic rapidly growing colorectal cancer tumor in a fully
immunocompetent mouse tumor model. C57BL/6 mice were subcutaneously injected into the right flank with 1x10°6
tumor cells of a rapidly growing clone of MC38 termed “MC381”. This growth rate of MC381 is about double that of
the widely used MC38 tumor model. It was not engineered. When the tumors reached 75-100 mm*3, the mice were
randomized into 4 groups of 5 mice each and treatment administered intraperitoneally on days 0, 4 and 8 at a dose of
15 mg/kg. The test articles examined were Fuse952 (open circle, dashed line; recombinant anti-mouse-PD1 clone
RMP1.14 human IgG1 LALA), Fuse1113 (open triangle, dashed line; single arm RMP1.14 Fab x IL-18mut2A human
IgG1 LALA in a knobs into holes configuration whereby the mouse PD1 specific Fab and IL-18 variant may be on
the N-terminal knob and hole, respectively, or vice versa) and a combination of Fusel114 and Fuse952 (closed
triangle). Fuse1114 is identical to Fuse1113 except that it is targeted to human PD-1, which is not present in Balb/c
mice and therefore served as the non-targeted I1-18mut2A control. PBS was used as the negative control treatment.
Figure 32A is x-y plot of tumor volume in mm”3 versus time in days. Figure 32B is x-y plot of body weight in grams
versus time in days. Fusel113 induced about a complete response rate of 60%. The combination of Fusel114 and

Fuse952 was not appreciably different from Fuse952 alone. Transient weight loss was observed between days 7 and
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15 in the group receiving Fusel113. This was attributed to an ADA (anti-drug antibody) response, which is not

unexpected for a fully human test article in a fully immunocompetent mouse model, which is xenogeneic relative to

the test article.

Example 18
[0246] We developed a first-in-class variant of TL-18 termed “HT18” fused to an anti-PD-1 antibody (aPD1-
HT18cis). HT'18 is 10,000-fold attenuated but retains nearly full activity of native cytokine when delivered to PD-1+
cells.
[0247] HT18 did not bind IL-18BP nor IL- 18Ro. in trans but can bind strongly to the 1L-18Ra/B complex.

Targeting HT18 to PD-1 augmented PD-1 induced T cell mediated proinflammatory cytokine release m-vitro.

[0248] Strong efficacy was observed with aPD1-HT18cis in multiple aggressive mouse tumor models
including a complete response (CR) rate ranging from 60%-100% without weight loss or other signs/symptoms of
toxicity

10249] Immune memory and evidence supporting cpitope spreading was observed in both mouse tumor
models that induce both weak and strong emergency myelopoiesis

[0250] TGI was associated with about a 6- fold increase in TIL numbers relative to the PD-1 antibody
benchmark with significant increases in CD8+ T cells, effector and central memory T cells, reduced tumor associated
macrophages (TAM) and skewing towards a proinflammatory anti-tumor cellularity.

[0251] Some of these findings are shown in figures 33-37.

Example 19
Human peripheral blood mononuclear cell (PBMC) isolation
[0252] PBMCs were isolated from whole blood from healthy donors using Ficoll-Paque Plus medium. In
brief, 35 mL of diluted whole blood (1 volume of whole blood vs 1 volume of PBS) was gently overlayed on top of
15 mL Ficoll-Paque Plus medium without disturbing the interface in a 50-mL conical tube. After centrifuging for 40
minutes at 400 x g at room temperature without brake, the buffy coat (interface layer between Ficoll and serum) was
collected and diluted in 5 volumes of PBS. After centrifuging for 5 minutes at 500 x g at room temperature, PBMCs
were resuspended in PBS and washed once in PBS by centrifuging for 5 minutes at 500 x g at room temperature.
PBMCs were then resuspended in 5 mL of ACK lysis buffer and incubated for 5 minutes at room temperature to
remove red blood cell residues. After the 5-minute incubation period, 45 mL PBS was added to PBMCs and
centrifuged for 15 minutes at 100 x g at room temperature. At last, PBMCs were resuspended in culture medium
(RPMI1640 with 10% heat-inactivated FBS and 1% penicillin/streptomycin) for cytotoxicity and IFN gamma release
assay set-up. To store PBMC:s for further usage, PBMCs were pelleted down by centrifuging for 5 minutes at 500 x g
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at room temperature and then resuspended in freezing medium (90% heat-inactivated FBS and 10% dimethyl sulfoxide
(DMSO)) for storage in liquid nitrogen.

NK cell isolation and expansion

[0253] Fresh PBMCs were washed twice in PBS and resuspended in EasySep Buffer from StemCell at a
density of 50 million cells per mL in 50-mL conical tube. 50 uL of isolation cocktail from the NK cell isolation kit
from StemCell was added to 1 mL of cell suspension and incubated at room temperature for 5 minutes. After the 5-
minute incubation period, 50 uL of RapidSpheres from NK cell isolation kit was added to 1 mL of the cell/antibody
cocktail mixture. The total volume of the cell/cocktail/bead mixture was brought up to 25 or 50 mL with EasySep
Buffer and incubated at room temperature for 10 minutes on EASYSEP magnet. After the 10-minute incubation
period, the solution was transferred to a new 30-mL tube by keeping the tube on the magnet and incubated at room
temperature for 5 minutes on EASYSEP magnet. The solution with purified NK cell was collected. Freshly purified
NK cells were used for expansion or frozen down and stored in liquid nitrogen for further usage.

[0254] To expand NK cells, 1x 500 puL of ImmunoCult™ NK cell expansion coating material from
ImmunoCult NK cell expansion kit from StemCell was added to a non-tissue culture-treated 24-well plate and
incubated at room temperature for 2 hours. During the 2-hour incubation, freshly isolated NK cells were resuspended
i ImmunoCult NK cell expansion medium from ImmunoCult NK cell expansion kit from StemCell at the density of
1 million permL. After the 2-hour incubation, the plate was washed twice with PBS and 500 uL. of NK cell suspension
(0.5 million NK cclls) was added to onc well of the coated 24-well plate. The platc was incubated at 37°C with 5%
CO2 for 3 days and 500 pL of ImmunoCult NK cell expansion medium was added to the well with NK cells. The
plate was further incubated for another 4 days. Atday 7, NK cells were collected by centrifuge at 300 x g for 10 minutes
and resuspended in ImmunoCult NK cell expansion medium from ImmunoCult NK cell expansion kit from StemCell
at the density of 0.2 million per mL. 1 mL of collected NK cells (0.2 million NK cells) was added to a well of new
coated 24-well plate and incubated for 4 days at 37°C with 5% CO2. At day 11, NK cells were collected again by
centrifuge at 300 x g for 10 minutes and resuspended in ImmunoCult NK cell expansion medium from ImmunoCult
NK cell expansion kit from StemCell at the density of 0.2 million per mL. 1 mL of collected NK cells (0.2 million NK
cells) was added to a well of new coated 24-well plate and incubated for another 3 days at 37°C with 5% CO2. NK
cells after 14-days’ expansion were collected and frozen down and stored in liquid nitrogen for further usage.
Cytotoxicity assay

[0255] On the day before assay setting up, selective antibiotics were removed from target cell (MDA-MB-
231 eGFP FLUC cells or T-47D ¢GFP FLUC cells). On the day of assay setting up, target cells were collected by brief
TrypLE treatment and then washed with culture medium by centrifuging at 500 x g for 5 minutes at room temperature.
Target cell lines were then resuspended in culture medium to determine the cell viability by trypan blue exclusion on
Cellometer. The viable cell density was adjusted to 50,000 cells/mL in culture media. 100 uL target cell suspension
(5,000 target cell) was carefully dispensed to each well of a 96-well black clear flat-bottom tissue culture plate using
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multichannel pipettor. The plate was then incubated for 4-5 hours in tissue culture incubator to ensure that the target
cells have attached to the bottom of the 96-well plate.

[0256] For the cytotoxicity assay using NK cells or PBMCs as effector cells, NK cells or PBMCs were
pelleted down by centrifuge for 5 minutes at 500 x g at room temperature and resuspended in culture medium. The
viability of cells was also determined via trypan blue exclusion and the viable NK or PBMC density was adjusted to 3
million cells/mL in RPMI1640 medium with 10% FBS and 1% penicillin/streptomycin. After 4-5 hours of incubation,
culture medium was carefully removed from 96-well plates with target cells. 50 uL of 3 million cells/mL. NKs or
PBMC:s suspension (150,000 cells) was added to the designated well in the 96-well plate with target cell, which would
result in the E:T ratio of 30:1. To result in the E:T ratio of 10:1, 5:1, 2:1 or 1:1, 3 million cells/mL of NKs or PBMCs
were further diluted with RPMI1640 medium with 10% FBS and 1% penicillin/streptomycin by 3, 6, 15, or 30 times.
50 uL of diluted NK cells or PBMC:s suspension was then added to the designated wells in the 96-well plate with target
cell.

[0257] For the cytotoxicity assay using activated T cells as effector cells, isolated T cells were pretreated
with human CD3/CD28 dynabeads (2 uL per million T cells) for 72 hours. After 72-hour activation,
CD3/CD28 dynabeads were removed from activated T cells on magnet. Activated T cells were then pelleted down by
centrifuge for 5 minutes at 500 x g at room temperature and resuspended in culture medium. The viability of T cells
was also determined via trypan blue exclusion and the viable T cell density was adjusted to 2 million cells/mL in
RPMI1640 medium with 10% FBS and 1% penicillin/streptomycin. After 4-5 hours of incubation, culturc medium
was carefully removed from 96-well plates with target cells. 25 uL of 2 million cells/mL activated T cell suspension
(50,000 cells) was added to the designated well in the 96-well plate with target cell, which would result in the E: T ratio
of 10:1. Meanwhile, Fuse-608 was prepared in RPMI1640 medium with 10% FBS and 1% penicillin/streptomycin at
the concentration of 40 pM. 25 uLL of 40 pM prepared Fuse-608 was added to designated well in the 96-well plate with
target cell and activated T cells.

[0258] FUSE proteins were prepared and serially diluted (5-fold serial dilution) in RPMI1640 medium with
10% FBS and 1% penicillin/streptomycin ranging from 200 nM to 2.56 pM. 50 uL of prepared FUSE proteins at
different concentrations were then added to the designated wells in the 96-well plate with PBMC and target cells and
incubated for the dedicated time period (24, 48 or 72 hours) at 37 °C with 5% CO2. At the end of'the incubation period,
the 96-well plates were centrifuged for 1 minute at 500 xg to transfer S0uL of supemnatant to V-bottom storage plate
using a multichannel pipettor for IFN gamma release, granzyme B release or HEK-BLUE-IL-18 cell activation assay.
ONE-Glo luciferase Assay solution was brought to room temperature. 50 uL. of One-Glo solution was then added to
the designated well with cells and incubated for 2 minutes at room temperature. The bioluminescence (IFU) was
measured on a plate reader with preset Bio-luminance protocol. Killing of target cell was calculated by using the
formula [Killing percentage of testing sample = (IFU of sample with PBMC and target cell - IFU of testing
sample)/(IFU of sample with PBMC and target cell - IFU of sample with PBMC alone)* 100].
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T cell isolation

[0259] Fresh PBMCs were washed twice in PBS and resuspended in EasySep Buffer from StemCell at the
density of 50 million cells per mL in 50-mL conical tube. 50 uL of isolation cocktail from T cell isolation kit from
StemCell was added to 1 mL of cell suspension and incubated at room temperature for 5 minutes. After the 5-minutes’
incubation, 50 uLL of RapidSpheres from T cell isolation kit was added to 1 mL of the cell/antibody cocktail mixture.
The total volume of the cell/cocktail/bead mixture was brought up to 25 or 50 mL with EasySep Buffer and incubated
at room temperature for 10 minutes on EASYSEP magnet. After the 10-minutes’ incubation, the solution was
transferred to anew 50-mL tube by keeping the tube on the magnet and incubated at room temperature for 5 minutes
on EASYSEP magnet. The solution with purified T cell was collected. Freshly purified T cells were frozen down and
stored in liquid nitrogen for further usage.

Dendritic cell generation

[0260] Fresh PBMCs were resuspended in AIM V medium at the density of 5 million per ml and 40 mL of
PBMC suspension was added to a T-174 sterile cell culture flask. The flasks were incubated in a humidified incubator
maintained at 37°C and 5% CO2 for 2 hours. After 2 hours™ incubation, the non-adherent cells were removed by firmly
tapping the flask and completely aspirating off media in the flask. 40 mL of AIM-V medium was immediately added
to the adherent cells with 800 U/ml GM-CSF and 500 U/ml IL-4 to each T-150 cell culture flask containing the
adherent monocytes. The flasks were placed in a humidified incubator at 37°C and 5% CO2 for 7 days. After the 7-
day culturc period, DCs werce harvested, frozen down and stored in liquid nitrogen for further usage.
HEK-Blue-IL-18 cell activation assay with human granzyme B-cleaved FUSE proteins or supernatant from
cytotoxicity assay

[0261] HEK-BLUE-IL-18 cells from Invivogen were maintained in culture medium (DMEM medium with
4.5 o/L glucose, 2 mM L-Glutamine, 10% (v/v) heat-inactivated fetal bovine serum (FBS), 100 U/mL penicillin, 100
pg/mkL streptomycin, 100 pg/mL Nommocin and 1x HEK-blue selection reagent). HEK-BLUE™ IL-18 cells are
engineered from the human embryonic kidney 293 (HEK293) cell line to stably express genes encoding the IL-18
receptor (IL-18R) and IL-18 receptor accessory protein (IL-18RAP) and express an NF- kB /AP-1-inducible secreted
embryonic alkaline phosphatase (SEAP) reporter gene, therefore being useful for detection of bioactive 1L-18 by
monitoring the activation of the NF-xB and AP-1 pathways via quantification in the supematant of the SEAP level
(which is produced upon activation of NF-kB) with a solution such as QUANTI-BLUE™ Solution. In addition, the
responses to human TNF-o and IL-1p have been blocked in HEK-BLUE™ IL-18 cells, and so the HEK-BLUE™ IL-
18 cells are responsive specifically to IL-18.

[0262] On the day of experiment setup, HEK-BLUE-IL-18 cells were gently rinsed twice with pre-warmed
phosphate buffered saline (PBS) and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were
resuspended in pre-warmed testing medium (DMEM with 4.5 g/L glucose, 2 mM L-Glutamine, 10% (v/v) heat-
inactivated FBS, 100 U/mL penicillin, and 100 pg/mL streptomycin) at the density of 3x10° cell per mL. To seed the
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cells (50,000 cells per well), 180 pL of resuspended HEK-Blue-IL-18 cells were added to designated wells in 96-well
plate.

[0263] For FUSE protein cleavage with human granzyme B, human pro-granzyme B was activated with
enterokinase (EK) by incubating 2 ng of human pro-granzyme B with 20 ng of EK in 1x PBS for 90 minutes at 37°C.
To cleave FUSE protein, 20 pg of FUSE protein was incubated with 2 pg of EK-activated human granzyme B in assay
buffer (50 mM HEPES (pH 7.4), 100 mM NaCl, 0.1% CHAPS, 1 mM EDTA, 10% Glycerol) for 10 minutes at 37°C.
After the 10-minute incubation period, cleaved FUSE proteins were diluted in testing medium (DMEM with 4.5 g/L
glucose, 2 mM L-Glutamine, 10% (v/v) heat-inactivated FBS, 100 U/mL penicillin, and 100 pg/mL streptomycin)
from 12,500,000 pg/mL to 160 pg/mL (10x of final concentration) by 5-fold serial dilution. IL-18 was also diluted in
testing medium from 4,000 pg/mL to 1.28 pg/mL (10x of final concentration) by 3-fold serial dilution. To treat HEK-
Blue-IL-18 cells, 20 pL of prepared IL-18 or cleaved FUSE proteins were added to the designated wells with 50,000
cells in the 96-well plate and then gently mixed the cells with proteins. The 96-well plate was then incubated at 37°C
with 5% CO, for 24 hours.

[0264] To check the activity of the supematant from cytotoxicity study in inducing the activation of HEK-
Blue-1L-18 cell, 20 pl of supematant from the cytotoxicity study was added to designated wells containing 50,000
cells in the 96-well plate and then gently mixed the cells with supernatant. The 96-well plate was then incubated at
37°C with 5% CO2 for 24 hours

[0265] After the 24-hour activation incubation period, 20 pL. of HEK-Blue-IL-18 cell culture supematant
containing the secreted alkaline phosphatase was transferred to a new 96-well plate. Meanwhile, QUANTI-Blue
solution was prepared by adding 1 mL of QB reagent and 1 mL of QB buffer to 98 mL of sterile water. 80 pL of the
prepared QUANTI-Blue solution was then added to the 96-well plate with 20 pl. of HEK-Blue-IL-18 cell culture
supernatant and incubated at 37°C for 4 hours. The level of secreted alkaline phosphatase related to HEK-Blue-1L-18
cell activation was detected by measuring the absorbance at 630 nm using a spectrophotometer.

T cell and dendritic cell co-culture(MLR) assay

[0266] Dendritic cells were generated from monocytes in PBMCs with 800 U/ml GM-CSF and 500 U/ml
IL-4. Allogeneic T cells from PBMCs were mixed with dendritic cells at the ratio of 10:1 in RPMI1640 medium with
10% FBS and 1% penicillin/streptomycin. 100K T cells with 10K dendritic cells in 150 uL of medium were added to
the wells in 96-well plate. Fuse proteins were prepared and serally diluted (5-fold serial dilution) in RPMI1640
medium with 10% FBS and 1% penicillin/streptomycin ranging from 200 nM to 2.56 pM. 150 uL of prepared FUSE
proteins at different concentrations were then added to the designated wells in the 96-well plate with T cell and
dendritic cells and incubated for the dedicated time period (48, 72, 96 or 144 hours) at 37 °C with 5% CO2. At the end
of the incubation period, the 96-well plates were centrifuged for 1 minute at 500 xg to transfer 250pL of supematant
to V-bottom storage plate using a multichannel pipettor for IFN gamma release detection.

IFN gamma release detection
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[0267] IFN gamma rclcasc from cytotoxicity assay was mcasurcd using human IFN gamma ELISA
detection kit. In brief, coating antibody provided in the kit was diluted to suggested concentration by following the
protocol provided by the kit manufacturer. 100 ul of diluted coating antibody was added to the Nunc MaxiSorp flat-
bottom 96-well plate. Plates were sealed and incubated ovemnight at 4 °C. On the following day, the plates were then
washed 4 times with the Wash Buffer. To block non-specific binding and reduce background, 200 pl. 1x Assay Diluent
A was added, and the plates were incubated at room temperature for 1 hour on a plate shaker (400 rpm). After blocking,
the plates were washed 4 times with Wash Buffer. 100 pL/well of standards (prepared with culture medium) or samples
were then added to the appropriate wells and incubated at room temperature for 2 hours on a plate shaker (400 rpm).
After the 2-hour incubation with samples or standards, the plates were washed 4 times with Wash Buffer and 100 L.
of diluted Detection Antibody solution was added to incubate at room temperature for 1 hour on a plate shaker (400
pm). After the 1-hour incubation period with detection antibody, the plates were washed 4 times with Wash Buffer
and 100 pL of diluted Avidin-HRP solution was added to incubate at room temperature for 30 minutes on a plate
shaker (400 rpm). After 30-minute incubation with Avidin-HRP, the plates were washed 5 times with Wash Buffer
and 100 pL of freshly mixed TMB Substrate Solution was added to incubate at room temperature for 20 minutes in
the dark. 100 pL of Stop Solution was then added to each well to stop the reaction. The absorbance at 450 nm was
measured on a plate reader and the concentration of IFN gamma in each sample was back-calculated using the standard
curve generated with the absorbance of different concentration of standards.

Granzyme B release detection

[0268] Granzyme B release from cytotoxicity assay was measured using human granzyme B ELISA
detection kit. In brief, coating antibody provided in the kit was diluted to suggested concentration by following the
protocol provided by the kit manufacturer. 100 ul of diluted coating antibody was added to the Nunc MaxiSorp flat-
bottom 96-well plate. The plates were sealed and incubated overnight at 4 °C. The plates were then washed 3 times
with the Wash Buffer. To block non-specific binding and reduce background, 200 uL. 1x Assay Diluent A was added,
and the plates were incubated at room temperature for 1 hour on a plate shaker (400 rpm). After blocking, the plates
were washed 3 times with the Wash Buffer. 100 uL/well of standards (prepared with culture medium) or samples were
then added to the appropriate wells and incubated at room temperature for 2 hours on a plate shaker (400 pm). After
the 2-hour incubation period with samples or standards, the plates were washed 3 times with Wash Buffer and 100 ul.
of diluted Detection Antibody solution was added to incubate at room temperature for 1 hour on a plate shaker (400
pm). After the 1-hour incubation period with detection antibody, the plates were washed 3 times with Wash Buffer
and 100 pL of diluted Avidin-HRP solution was added to incubate at room temperature for 30 minutes on a plate
shaker (400 rpm). After 30-minute incubation with Avidin-HRP, the plates were washed 4 times with Wash Buffer
and 100 pL of freshly mixed TMB Substrate Solution was added to incubate at room temperature for 20 minutes in
the dark. 100 pL of Stop Solution was then added to each well to stop the reaction. The absorbance at 450 nm was
measured on a plate reader and the concentration of granzyme B in each sample was back-calculated by using the

standard curve generated with the absorbance of different concentration of standards.
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Animal models

[0269] C57BL/6 J and Balb/c mice (6-8 weeks old females) were housed under specific pathogen-free
conditions and supplied with irradiated standard rodent chow and 0.2 pm filtered, autoclaved reverse osmosis water
ad libitum. All the protocols and amendment(s) or procedures involving the care and use of animals were reviewed
and approved by the Institutional Animal Care and Use Committee (IACUC) prior to conducting the studies. All
animal experimental procedures were under sterile conditions at SPF (specific pathogen-free) facilities. C57BL/6 J
were inoculated subcutaneously with either 1 million MC38i (a fast growing variant of MC38) or | million B16-F10-
R (B16-F10 engineered to express human RORI1) into the flank of the mice. Balb/c mice were inoculated
subcutancously with 3 million CT-26¢ (CT-26 engineered to express human Cadherin-17) into the flank of the mice.
Mice were randomly divided into treatment groups when tumor size reached 75-100. Mice were stratified based on
the size of implanted tumor to ensure that tumor sizes were roughly equivalent between groups before the therapy.
Each mouse was treated intraperitoneally PBS or test articles at the doses indicated in the examples section (generally
15 mg/kg) on days 0, 4 and 8 (MC381 and CT-26¢) or days 0, 3 and 6 (B16-F10-R). Tumor volume and body weight
was measured 2-3 times per week (MC38i and CT-26¢) or daily (B16-F10-R) as required based on the growth rate of
the tumor. Blood collection for pharmacokinetic and/or pharmacodynamic markers was collected and stored as serum

for possible downstream evaluation on days 0, 1, 3, 6, and 10.

Example 20

[0270] The N-terminal of pro-IL-18 was fused to the C-terminal of an IgG1 CH3 domain so as to engineer
a variant of IL-18 expressible in mammalian cells. Pro -IL-18 was fused to the knob of a knob into hole heterodimeric
IgG1 protein. Further modification was made to pro-IL-18 to reduce aggregation of the molecule such that each
cysteine residue in both the pro-peptide and mature IL-18 was substituted with serine (“IL-18AS”, as in FUSE-480),
alanine (“TL-18AA”, as in FUSE-481), or valine (“IL-18AV?, as in FUSE-442). Tlustrations of the three variants are
shown in panel A of figure 11.

[0271] Transient transfection in the ExpiCHO system resulted in titers of 191,214, and 198 mg/L, for FUSE-
480, FUSE-481, and FUSE-442, respectively. These Fe-pro-1L-18 fusion proteins were hypothesized as harboring a
“masked” version of TL-18, where the biological activity of the fused IL-18 would be reduced until the propeptide is
cleaved off. To evaluate cleavage of the propeptide, a cleavage site specific for the enterokinase (EK) was inserted
within the propeptide (“pp”’) upstream of mature IL-18 sequence in the location of the endogenous Caspase 1 site. EK
was chosen because of its robust protease activity and activity in phosphate buffered saline. To evaluate the biological
activity of the Fe-pro-IL-18 fusion proteins before and after treatment with EK, a reporter system was used. Here,
HEK-Blue-IL-18 cells were used to quantify IL-18 activity. HEK-Blue IL-18 cells are made from HEK-293
engineered to express the human IL-18 receptor complex (IL-18Ro/f) and an NF-xb/AP-1-inducible secreted
embryonic alkaline phosphatase (SEAP) reporter gene. The cells are also engineered not to respond to human TNF-o
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and IL-1PB. Upon exposure to IL-18, HEK-Blue IL-18 produce SEAP in a dose dependent manner, which can be
quantified via a colorimetric assay. We observed that compared to recombinant human mature [L-18, all three mutants
induced lower biological activity greater than 1000 fold and up to 100,000 fold. Upon demasking (enzymatic cleavage)
by treatment with EK, the biological activity of the released protein from the alanine-substituted mutant (FUSE-480)
and the valine-substituted mutant (FUSE-442) was not substantially different from recombinant human mature IL-18.
Following release of the serine mutant with EK (Fig. 11B), however, although biological activity was restored by
>30,000 fold, it was ~50 fold less potent than recombinant human mature IL-18. Potency was measured as the
concentration of test article that induced have maximal SEAP production (EC50-SEAP).

[0272] As shown in figure 12, pro-IL-18mut2 was fused to the knob of a knob into hole heterodimeric IgG1
protein. IL-18mut2 incorporates four amino acid substitutions hypothesized to reduce binding to IL-18BP while
maintaining wild type binding to the IL-18 receptor complex. Further modification was made to pro-IL-18mut2 to
reduce aggregation of the molecule such that each cysteine residue in both the pro-peptide and mature IL-18mut2 was
substituted with serine (IL-18mut2AS), alanine (IL-18mut2AA), or valine (IL-18mut2AV). lllustrations of the three
variants are shown in panel A of figure 12. As in figure 11, the biological activity was assessed using HEK-Blue.
Compared to recombinant human mature 1L-138, all three mutants induced lower biological activity of at least 100,000
fold. Upon demasking (enzymatic cleavage) by treatment with EK, the biological activity of the released protein from
the alanine-substituted mutant (FUSE-423) and the valine-substituted mutant (FUSE-424) was not substantially
different from recombinant human mature IL-18. Following release of the serine mutant with (FUSE422), however,
although biological activity was restored by about 100,000 fold, it was about 100 fold less potent than recombinant
human mature IL-18. Potency was measured as the concentration of test article that induced have maximal SEAP
production (EC50-SEAP).

[0273] As shown in figure 13, we examined the impact of a propeptide on masking of IL-18AV biological
activity in the context of Fc fusions variants incorporating IL-18AV on the C-terminal of the Fc with (panel A, FUSE-
442; Fc-EKpp-IL-18AV) or without (panel B, FUSE-505; Fc-EK-IL-18AV) the propeptide. For the fusion in which
the propeptide was removed, the EK cleavage site that replaced the Caspase 1 site was moved to a position directly in
between the CH2 domain of the knob and mature IL-18AV without the addition of a flexible linker. Using the HEK-
Blue IL-18AV reporter cell assay as a readout, we exposed these cells to a titration of FUSE-442 or FUSE-505 with
or without treatment with EK. The biological activity, measured as the EC50-SEAP, of FUSE-442 and -505 were
attenuated compared to human recombinant IL-18AV at the orders of ~150 fold and ~15,000 fold, respectively (panel
C) such that incorporation of the propeptide contributed to ~100-fold additional attenuation compared to the Fc fusion
alone. Treatment with EK, designed to cleave off the IL-18AV fragment from FUSE-505 and FUSE-442 led to
restoration of biological activity. In the case of FUSE-442, treatment with EK resulted in biological activity that was
not substantially different from recombinant human mature IL-18AV. For FUSE-503, however, although biological
activity was restored following treatment with EK, potency remained reduced by ~30 fold compared to recombinant

human mature IL-18AV. The EC50-SEAP for each compound is shown in panel D. Given that FUSE-505 and FUSE-
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442 both harbor the same IL-18AV, the difference in activity after demasking with EK could not be explained by any
difference in IL-18AV variant. Rather, we observed that EK was far less efficient at releasing IL-18AV from FUSE-
305 (<10% cleavage efficiency) than FUSE-4442 (>95% cleavage efficiency). Hence, the reduced biological activity
observed from EK cleaved FUSE-505 versus EK cleaved 442 was the result of less IL-18AV being released by the
former compared to the latter. We hypothesize that the lack of a flexible linker between the CH3 domain of the knob
and IL-18AV in FUSE-505 resulted in a mostly inaccessible EK cleavage site. In contrast, the propeptide incorporated
into FUSE-442 allowed for sufficient access of EK to its cleavage site for efficient release of IL-18AV. The data
indicates strongly that the in the context of an IL-18AV Fc fusion protein, the propeptide is not required but contributes
to masking of IL-18AV biological activity. In the absence of the propeptide, masking is likely the consequence of
steric hindrance mediated by the protein fused to the N-terminal of [L-18AV

[0274] As shown in figure 14, as in figure 13 with IL-18AV, we examined the impact of a propeptide on
masking of IL-18mut2AV biological activity in the context of Fc fusions variants incorporating IL-18AVmut2 on the
C-terminal of the Fc with (panel A of figure 14, FUSE-424; Fc-EKpp-IL-18mut2 A V) or without (panel B, FUSE-441,
Fc-EK-IL-18mut2AV) the propeptide. The biological activity of FUSE-441 and FUSE424 were highly attenuated
compared to human recombinant IL-18 at the orders of >100,000 fold (panel C). Treatment with EK led to restoration
of biological activity. In the case of FUSE-424, treatment with EK resulted in biological activity that was not
substantially different from recombinant human mature [L-18. For FUSE-441, however, although the vast majority of
biological activity was restored following treatment with EK, potency remained reduced by ~10 fold compared to
recombinant human mature IL-18. The EC50-SEAP for each compound is shown in panel D. Given that FUSE-441
and FUSE-442 both harbor the same IL-18mut2AV, the difference in activity after demasking with EK could not be
explained by any difference in IL-18 variant. Rather, we observed that EK was far less efficient at releasing IL-
18mut2AV from FUSE-441 (<20% cleavage efficiency) than FUSE-424 (>95% cleavage efficiency). Hence, the
reduced biological activity observed from EK cleaved FUSE-441 versus EK cleaved FUSE-424 was likely the result
of less IL-18mut2 AV being released by the former compared to the latter. We hypothesize that the lack of a flexible
linker between the CH3 domain of the knob and IL-18mut2AV in FUSE-441 resulted in a mostly maccessible EK
cleavage site. For example, a flexible linker can be the propeptide; or the propeptide behaves as a flexible linker. In
contrast, the propeptide incorporated into FUSE-424 allowed for sufficient access of EK to its cleavage site for efficient
release of IL-18mut2AV. The data indicates strongly that the in the context of an IL-18mut2AV Fc fusion protein, the
propeptide is not required for masking of IL-18mut2 AV biological activity but is rather the consequence of steric
hindrance mediated by the protein fused to the N-terminal of ITL-18mut2AV. As such, we believe that any N-terminal
protein or polypeptide of sufficient size (e.g., about 4 kDa or larger, e.g., the propeptide is about 4 kDa, Fc is about 28
kDa as a monomer, HSA is about 66 kDa, VHH is about 14 kDa) would be capable of masking the biological activity
of [IL-18mut2AV; and that an EK cleavage site containing linker of sufficient size (¢.g., 25 amino acid or longer) to
allow access to EK, when incorporated between the Fc or other N-terminal protein mask and IL-18mut2AV, would
substitute for the EK containing propeptide. Further, should such N-terminal masking protein or fragment thereof be
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engineered or naturally be transported through the Endoplasmic Reticulum (ER), this would result in expression yields
from transient transfection of mammalian cells such as Expi-CHO acceptable for therapeutic development.

[0275] Additional examples of N-terminal protein or polypeptide of sufficient size to mask the activity of
IL-18 variants include but are not limited to a dimer of two amino acids, a tri-mer of three amino acids, a 4-mer of four
amino acids, a 5-mer of five amino acids, or a peptide selected from the group consisting of T, PT, MPT, S, GS, GGS,
GGGS (SEQ ID NO:235), and (GGGGX;, (SEQ ID NO:236)), wherein Xy is Q, A, E or S and n=1-5 or an integer
larger than 5. In some embodiments, the amino acid linker has the amino acid sequence of (GGGGS (SEQ ID
NO:237))n where n is an integer between 1 and 5, thereby an amino acid linker of 25 amino acids or shorter in length.
Additional examples include (X,GGGG (SEQ ID NO:317)), wherein Xy is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX;GGG (SEQ ID NO:318)), wherein X;. is Q. A, E or S and n=1-5 or in
some embodiments, an integer larger than 5, (GGX,GG (SEQ ID NO:319)), wherein X;, is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 5, (GGGX,.G (SEQ ID NO:320)), wherein X;, is Q, A, E or S and n=1-5
or in some embodiments, an integer larger than 5. Still additional examples include (X,GGG), wherein X, 1s Q, A, E
or S and n=1-5 or in some embodiments, an integer larger than 35, (GX;,GG), wherein Xy, is Q, A, E or S and n=1-5 or
in some embodiments, an integer larger than 5, (GGX,G), wherein X;, is Q. A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GGGXs). wherein X 1s Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5. Still additional examples include (X;GG). wherein X; is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GX,G), wherein Xy, is Q, A, E or S and n=1-5 or in some embodiments, an
integer larger than 5, (GGX,), wherein X, is Q, A, E or S and n=1-5 or in some embodiments. Still additional examples
include (X,G), wherein X is Q, A, E or S and n=1-3 or in some embodiments, an integer larger than 3, (GX.), wherein
Xy 1s Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5. As further examples, N-terminal
protein or polypeptide of sufficient size to mask the activity of IL-18 variants include but are not limited to a short
polypeptide of 2, 3, or 4 amino acids in length, or flexible linkers or amino acid chain of 2-5, 6-10, 11-15, 16-20, 21-
25, 26-30 amino acids. As further examples, the short polypeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or
amino acid chain of 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or 35 amino acids.

[0276] As shown in figure 13, we examined the impact of fusing the propetide-IL-18AV fusion to the C-
terminus of wild type IgG1 (FUSE-507, panel A) and wild type IgG4 (FUSE-509, pancl B). In both formats, one
molecule of the propetide-IL-18AV fusion are linked to each Fc-CH3 domain, resulting in two molecules of the
propetide-IL-18 AV fusion per IgG1 or IgG4 homodimer. As previously described, a cleavage site specific for EK was
inserted between the propeptide and mature IL-18 sequence in the location of the endogenous Caspase-I site. To
evaluate the biological activity of the Fe-pro-IL-18 fusion proteins before and after treatment with EK, the HEK-Blue-
IL-18 cell reporter system was used. Using this systems as a readout, we exposed HEK-Blue-IL-18 cells to a titration
of FUSE-507 (IgG1Fc-EKpp-IL-18AV) or FUSE-509 (IgG4Fc-EKpp-IL-18AV) with or without treatment with EK.
The biological activity, measured as the EC30-SEAP, of FUSE-507 and -509 were highly attenuated compared to
human recombinant IL-18 at the orders of >10,000 fold (panel C). Treatment with EK, designed to cleave off the IL-
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18AV fragment from FUSE-507 and FUSE-509 led to restoration of biological activity that was approximately 2 fold
greater than hrlL-18. This difference was likely the result of two molecules of IL-18AV being release per IgG1 or
IgG4 fusion resulting in about a 2: 1 molar ratio of IL-18AV to hrIL-18 when the IgG1 or IgG4 fusion proteins were
fully cleaved by EK. The EC50-SEAP for each compound is shown in panel D. We also generated versions of FUSE-
507 and FUSE-509 without the propeptide; IgG1Fc-EK-IL-18AV and IgG4Fc-EK-IL-18AV, respectively. These did
not express well, likely due to the propensity of IL-18 to form homodimers and the absence of a flexible linker between
the CH3 domain of IgG1 or [gG4 and mature IL-18AV (data not shown). The data indicate that the in the context of a
propeptide-IL-182AV fusion, it is possible to obtain both expression exceeding 135 mg/L and masking/attenuation of
IL-18AYV biological activity as high or greater than 100,000 fold (compare Figure 15 to Figure 11 and 13) whether IL-
18AV is fused to the C-terminus of wild type IgG1 or IgG4 (two molecules of IL-18AV) or an IgG1 knob into hole
heterodimer (one molecule of IL-18AV). The formats utilizing wild type IgG1 or IgG4 indicate allowance for
straightforward plug and play fusion of propeptide-IL-18 fusions, their variants and fragments thereof to an array of
monoclonal antibodies including commercialized ones such as Avelumab (anti-PDL1), Cetuximab (anti-EGFR),
Trastuzumab (anti-HER2/neu), etc.

[0277] As shown in figure 16, to address the universality of masking of IL-18 and its variants by a
polypeptide fused to the N-terminus of IL-18’s mature form, we examined the capacity of an N-terminal protein (mask)
distinct from the Fc domain of IgG to attenuate the biological activity of IL-18-AV with or without the propeptide.
The N-terminus of IL-18 AV with (panel A, FUSE-501) or without (panel B, FUSE-503) the propeptide was fused to
the C-terminus of Human Serum Albumin (HSA). For the fusion in which the propeptide was removed, the EK
cleavage site that replaced the Caspase 1 site was moved to a position directly in between the C-terminus of HSA and
mature IL-18AV without the addition of a flexible linker. Using the HEK-Blue IL-18 reporter cell assay as a readout,
we exposed these cells to a titration of FUSE-501 (HSA-EKpp-IL-18AV) or FUSE-503 (HSA-EK-IL-18AV) with or
without treatment with EK. The biological activity, measured as the EC50-SEAP of FUSE-501 (panel C) was highly
attenuated compared to human recombinant [L-18 at the order of ~35,000 fold. FUSE-503 (panel D), which does not
contain the propeptide, was also attenuated at the order of ~3,500 fold. Treatment with EK, designed to cleave off the
IL-18AV fragment from FUSE-501 and FUSE-503 led to restoration of biological activity. In the case of FUSE-501,
treatment with EK resulted in biological activity that was not substantially different from recombinant human mature
IL-18. For FUSE-503, however, although biological activity was increased by treatment with EK. it remained ~40 fold
weaker than human recombinant IL-18. The EC50-SEAP for each compound is shown in panel E. Given that FUSE-
501 and FUSE-503 both harbor the same IL-18AV, the difference in activity after demasking with EK could not be
explained by any difference in IL-18 variant. Rather, we observed that EK was far less efficient at releasing IL-18AV
from FUSE-503 (<20% cleavage efficiency) than FUSE-501 (>95% cleavage efficiency). Hence, the reduced
biological activity observed from EK cleaved FUSE-503 versus EK cleaved -501 was the result of less IL-18AV being
released by the former compared to the latter. We hypothesize that the lack of a flexible linker between the C-terminus
of HSA and IL-18AV in FUSE-503 resulted in a mostly inaccessible EK cleavage site. In contrast, the propeptide
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incorporated into FUSE-501 allowed for sufficient access of EK to its cleavage site for efficient release of IL-18AV.
Taken together with data obtained from the Fe fusions, the results indicate strongly that the in the context of an HSA-
IL-18AV fusion protein, the propeptide is not required for masking of IL-18 AV biological activity but may contribute
to greater attenuation when present in HSA-IL-18 fusion proteins. For both FUSE-501 and -503, masking appears to
be the consequence of steric hindrance mediated by the protein fused to the N-terminal of IL-18AV. As such, this data
provides further support that any N-terminal protein of sufficient size would be capable of masking the biological
activity of IL-18AV and that an EK cleavage site containing linker of sufficient size to allow access to EK, when
incorporated between the Fc, HSA or other N-terminal protein mask and IL-18AV, would substitute for the EK
containing propeptide. Further, should such N-terminal masking protein or fragment thereof be engineered or naturally
be transported through the Endoplasmic Reticulum (ER), this would result in expression vields from transient
transfection of mammalian cells such as Expi-CHO acceptable for therapeutic development.

[0278] As shown in figure 17, to address the universality of masking of IL-18 and its variants by a
polypeptide fused to the N-terminus of IL-18’s mature form, we examined the capacity of an N-terminal protein (mask)
distinct from the Fc domain of IgG to attenuate the biological activity of IL-18-mut2 AV with or without the propeptide.
The N-terminus of IL-18mut2AV with (panel A, FUSE-502) or without (panel B, FUSE-504) the propeptide was
fused to the C-terminus of Human Serum Albumin (HSA). For the fusion in which the propeptide was removed, the
EK cleavage site that replaced the Caspase 1 site was moved to a position directly in between the C-terminus of HSA
and mature IL-18AV without the addition of a flexible linker. Using the HEK-Blue IL-18 reporter cell assay as a
readout, we exposed these cells to a titration of FUSE-302 (HSA-EKpp-IL-18mu2AV) or FUSE-504 (HSA-EK-IL-
18mut2AV) with or without treatment with EK. The biological activity, measured as the EC50-SEAP, of FUSE-502
(panel C) and FUSE-504 (panel D) were highly attenuated compared to human recombinant IL-18 at the orders of at
least ~30,000 fold and ~50,000 fold, respectively. Treatment with EK, designed to cleave off the IL-18mut2AV
fragment from FUSE-504 and FUSE-502 led to restoration of biological activity. In the case of FUSE-502, treatment
with EK resulted in biological activity that was not substantially different from recombinant human mature IL-18
(panel C). For FUSE-504, although the vast majority of biological activity was restored following treatment with EK,
potency remained reduced by ~3 fold compared to recombinant human mature IL-18 (panel D). The EC50-SEAP for
each compound is shown in panel E. Given that FUSE-504 and FUSE-502 both harbor the same IL-18mut2AV, the
difference in activity after demasking with EK could not be explained by any difference in [L-18 variant. Rather, we
observed that EK was far less efficient at releasing IL-18mut2AV from FUSE-504 (<20% cleavage efficiency) than
FUSE-502 (>95% cleavage efficiency). Hence, the reduced biological activity observed from EK cleaved FUSE-504
versus EK cleaved -502 was the result of less IL-18mut2 AV being released by the former compared to the latter. We
hypothesize that the lack of a flexible linker between the C-terminus of HAS and IL-18mut2AV in FUSE-504 resulted
in amostly inaccessible EK cleavage site. In contrast, the propeptide incorporated into FUSE-502 allowed for sufficient
access of EK to its cleavage site for efficient release of IL-18mut2AV. Taken together with data obtained from the Fc

fusions, the results indicate strongly that in the context of an HSA-IL-18mut2AV fusion protein, the propeptide is not
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required for masking of IL-18mut2 AV biological activity but is rather the consequence of steric hindrance mediated
by the protein fused to the N-terminal of IL-18mut2AV. As such, this data provides further support that any N-terminal
protein of sufficient size would be capable of masking the biological activity of IL-18mut2AV and that an EK cleavage
site containing linker of sufficient size to allow access to EK, when incorporated between the Fc, HAS or other N-
terminal protein mask and IL-18mut2 AV, would substitute for the EK containing propeptide. Further, should such N-
terminal masking protein or fragment thereof be engineered or naturally be transported through the Endoplasmic
Reticulum (ER), this would result in expression yields from transient transfection of mammalian cells such as Expi-
CHO acceptable for therapeutic development.

[0279] As shown in figure 18, we examined the impact of the propeptide on the biological activity of a single
IL-18AV fused to the N-terminus of IgG1 Fc. Panels A and B are exemplary illustrations of IL-18AV fused on the
knob of a knob into hole IgG1-Fc domain with the propeptide (FUSE-499; Fc-pp-IL-18AV; panel A) or without the
propeptide (FUSE-500; Fc-IL-18AV; panel B). In this case, we used a wild type propeptide in which all cysteine
residues were substituted for valine but the Caspase 1 site was maintained. To allow for translocation of both constructs
into the Endoplasmic Reticulum (ER) of mammalian cells and hence expression/secretion, the signal peptide from the
Ig Kappa chain (IgK leader) was encoded upstream of either the propeptide of FUSE-499 or the IL-18AV of FUSE-
500. Using the HEK-Blue IL-18 reporter cell assay as a readout, we examined the capacity of our C—V (AV)
propeptide to mask IL-18AV (FUSE-499) and the ability of Caspase 1 to demask/restore biological activity. The
biological activity, measured as the EC50-SEAP, of FUSE499 was highly attenuated compared to human recombinant
IL-18 at the order of >50,000 fold (panel C). In contrast, in the absence of the propeptide in FUSE-500, there was no
reduction in biological activity compared to human recombinant IL-18, indicating that in the absence of a the
propeptide (or another polypeptide) attached to the N-terminus of mature IL-18, the IL-18-Fc fusion protein is fully
functional. Importantly, de-masking of FUSE-499 with Caspase | resulted in restoration of biological activity that was
not appreciably different from to human recombinant IL-18. Treatment of FUSE-500, which did not contain a masking
domain nor Caspase 1 cleavage site, with Caspase 1 served as a negative control and indeed had no effect on biological
activity. This data indicates that in the configuration whereby IL-18AV is linked to the N-terminus of an IgG, the
propeptide is required for attenuation. Taken together with our previous data that a CH3 domain or HSA attenuated
the biological activity of IL-18AV and IL-18mut2AV when fused to the N-terminus of each IL-18 variant without the
presence of a propeptide, we believe that any polypeptide of sufficient size fused to the N-terminal of mature IL-18
and/or its variants and fragments thereof would be capable of masking the biological activity of IL-18. While the
smallest polypeptide tested was the propeptide (~6 kDa), polypeptides as small as 2 kDa would also be of sufficient
size. In various embodiments, the short polypeptide or protein being about 2 kDa or no greater than 250 kDa. As
additional examples, the short polypeptide or protein is about 2-5 kDa, about 6-10kDa, about 11-20 kDa, about 21-30
kDa, about 31-40 kDa, about 41-50 kDa, about 51-75 kDa, about 76-100 kDa, about 101-125 kDa, about 126-150
kDa, about 151-175 kDa, about 176-200 kDa, about 201-225 kDa, or about 256-250 kDa. In various embodiments,
the short polypeptide is 1, 2, 3, or 4 amino acids, or flexible linkers or amino acid chain of 5,6, 7, 8,9, 10, 11, 12, 13,

188



WO 2024/229117 PCT/US2024/027248

14,15, 16, 17, 18, 19, 20, 25, 30, or 35 amino acids. Additional examples small polypeptides capable of masking the
biological activity of IL-18 and IL-18 variants include but are not limited to a dimer of two amino acids, a tri-mer of
three amino acids, a 4-mer of four amino acids, a 5-mer of five amino acids. or a peptide selected from the group
consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID NO:235), and (GGGGX,, (SEQ ID NO:236)), wherein X, is
Q. A, E or S and n=1-5 or an integer larger than 5. In some embodiments, the amino acid linker has the amino acid
sequence of (GGGGS (SEQ ID NO:237))n where n is an integer between 1 and 5, thereby an amino acid linker of 25
amino acids or shorter in length. Additional examples include (Xh,GGGG (SEQ ID NO:317)), wherein X is Q, A, E
or S and n=1-5 or in some embodiments, an integer larger than 5, (GX, GGG (SEQ ID NO:318)), wherein X; is Q, A,
E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX;GG (SEQ ID NO:319)), wherein X, is Q,
A, E or S and n=1-5 or in some embodiments, an integer larger than 3, (GGGX,G (SEQ ID NO:320)), wherein X, is
Q. A, E or S and n=1-5 or in some embodiments, an integer larger than 5. Still additional examples include (X, GGG).
wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GX,GG), wherein X, is Q,
A, E or S and n=1-5 or in some embodiments, an integer larger than 5, (GGX;G), wherein X, 1s Q, A, E or S and n=1-
5 or in some embodiments, an integer larger than 5, (GGGXy), wherein X5, is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5. Still additional examples include (X,GG), wherein Xy, is Q, A, E or S and n=1-
5 or in some embodiments, an integer larger than 5, (GX,G), wherein Xy is Q, A, E or S and n=1-5 or in some
embodiments, an integer larger than 5, (GGXy), wherein X, is Q, A, E or S and n=1-5 or in some embodiments. Still
additional examples include (XG). wherein X, is Q, A, E or S and n=1-5 or in some embodiments, an integer larger
than 5, (GX). wherein X;. is Q, A, E or S and n=1-5 or in some embodiments, an integer larger than 5.

[0280] Further, the propeptide in FUSE-499 is not naturally transported through the ER but was engineered
to do so via addition of an IgK leader sequence upstream to it. This indicates that any polypeptide of sufficient size
fused to the N-terminus of mature IL-18 and/or its variants and fragments thereof would be expected to attenuate the
biological activity of IL-18. That is, the N-terminal polypeptide might naturally translocate into the Endoplasmic
Reticulum (ER) or it may be engineered to do so. In both cases, transport through the ER is important for obtaining
expression yields from transient transfection of mammalian cells such as Expi-CHO acceptable for therapeutic
development.

[0281] As shown in figures 19A-191, we examined whether proteases other than the proof of concept EK
could be used to demask/activate pro-IL-18. As such, we chose (a) the matrix metalloproteinase (MMP), MMP2,
reported to be preferentially over-expressed in the tumor microenvironment and (b) Granzyme B, which is released by
cytotoxic lymphocytes including NK cells and CD8+ T cells and may therefore accumulate in inflamed tumors. For
MMP2, we replaced the EK cleavage site within the propeptide (pp) of FUSE-442 (Fc-EKpp-IL-18AV) with the (a)
the MMP2/9 cleavage sequence (GPLGVR) to generate FUSE-486 (Fc-MMP2pp-IL-18AV) and (b) the MMP9/2
cleavage sequence (VHMPLGFLGP) to generate FUSE-487 (Fc-MMP2/9pp-IL-18AV). (Desnoyers et al., Sci Trans]
Med. 2013 Oct 16;5(207):207ral44 ) In each case, the MMP to the left of the forward slash preferentially cleaves the
aforementioned peptide sequence. For Granzyme B, we substituted the EK cleavage site within the propeptide (pp) of
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both FUSE-442 (Fc-Ekpp-IL-18AV) and FUSE-424 (Fc-Ekpp-IL-18mut2AV) with a prototypical cleavage site for
Granzyme B (IEQD (SEQ ID NO:88)); thus, gencrating FUSE-485 (Fc-GzmBpp-IL-18AV) and FUSE-462 (Fc-
GzmBpp-IL-18mut2AV). FUSE-486, FUSE-487, FUSE-485 and FUSE-462 are illustrated in FIGs. 19A and 19D.
Using the HEK-Blue IL-18 reporter cell assay as a readout, we exposed these cells to a titration of (a) FUSE-486 or
FUSE-487 (19B) with or without treatment with recombinant human MMP2 or (b) FUSE-485 or FUSE-462 with or
without recombinant human Granzyme B (FUSE-485 and FUSE-462) (see FIG.19D). The biological activity,
measured as the EC50-SEAP, of the MMP prodrug fusions, FUSE486 and FUSE487, were greatly attenuated at the
orders of up to approximately 5000-fold compared to rhIL8. Following treatment of FUSE-486 with MMP2, the
biological activity of the demasked IL-18AV fragment was restored to within 3-fold that of thIL-18. Next, we added
a Granzyme B cleavage site immediately C-terminal to the MMP site in FUSE486 to create FUSES87 (black triangle).
As seen in FIG. 19C, FUSE587 was about 3,000-fold attenuated relative to recombinant human IL-18.

[0282] Interestingly, we observed that cleavage of FUSES87 with MMP2 released and IL-18AV variant that
was still about 100-fold attenuated relative to recombinant IL-18. In contrast, cleavage with Granzyme B released an
IL-18AV variant with activity similar activity as recombinant IL-18. Cleavage with Granzyme B results in release of
mature IL-18AV without any N-terminal residues constituting an overhang, whereas 11 and 15 amino acid N-terminal
polypeptide overhangs remain after cleavage of FUSE486 and FUSES87, respectively, with MMP2. We speculated
that these overhangs might be attenuating IL-18AV activity, albeit to a lesser degree than the full size variant
propeptide. This phenomenon was further investigated in FIG. 11 and FIG. 13.

[0283] FUSE-485 and FUSE-462 were also highly attenuated compared to human recombinant IL-18 at the
orders of >15,000-fold (19E and 19F). Treatment with recombinant human Granzyme B (thGb), designed to cleave
off the IL-18AV fragment and the IL-18mut2AV fragment from FUSE-485 and FUSE-462, respectively, led to
restoration of biological activity. In both cases, the masked IL-18 variants displayed nearly identical attenuation and
the restored biological activity was about 2-fold weaker than recombinant human mature IL-18. Further, we did not
observe an appreciable difference between the activity of the demasked IL-18AV and IL-18mut2AV.

[0284] Summary tables of the potencies (EC50-SEAP) for each of the test articles is shown below FIGs
19A-19B and in FIG. 19F.

[0285] We next examined whether our finding could form the basis for a plug and play masked IL-18
platform for targeting pro-IL-18 variants to cell surface proteins including but not limited to tumor associated antigens
(TAA). As such, we used Cetuximab as our proof-of-concept TAA targeting protein for pro-IL-18 fusion. Cetuximab
is an EGFR targeting monoclonal antibody that is commercially used for the treatment of multiple cancer indications
including colorectal and head and neck cancer. First, we fused a Granzyme B cleavable pp-IL-18AV onto the C-
terminus of Cetuximab’s Fc domain. We found that fusion of pp-Gb-IL-18AV onto the CH3 domain of Cetuximab,
that forms a natural homodimer, expressed poorly. This was presumably due to the presence of two fabs because a

knob into hole IgG1 format in which ppGb-IL-18AV was fused to the C-terminus knob (or hole) and the EGR specific
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fab was fused to the N-terminal knob (or hole) expressed well. FUSE-517 (Cetuximab_ KiH_ppGb-IL-18-AV), as
illustrated in panel G consists of the fab from Cetuximab fused to the N-terminus of the Fc-knob and ppGb-IL-18AV
fused to the C-terminus of the Fc-knob. Using the HEK-Blue IL-18 reporter cell assay as a readout, we exposed these
cells to atitration of FUSE-517 (19H) with or without treatment with thGb. Relative to thIL-18, FUSE-517 was highly
attenuated at the order of >250,000-fold. Treatment of FUSE-517 with rhGb, designed to cleave off IL-18AV, led to
the restoration of biological activity within 2-fold that of thIL-18.

[0286] FIG. 191 is summary tables of potencies (EC50-SEAP) related to the data shown in FIG. 9H. Overall,
the data indicates strongly that both MMP2 and granzyme B are capable of demasking/activating IL-18AV (and IL-
18mut2AV with Granzyme B) in the context of a pp mask fused in-between an IgG CH3 domain and the mature IL-
18AV fragment. Given our ability to successfully use other polypeptides that translocate through the ER as masks
when fused to the N-terminus of multiple variants of IL-18, our observation suggests strongly that masked fusion
proteins of IL-18, its variants or fragments thereof can be engineered to be selectively activated by proteases found in
tumors/inflamed tumors including MMPs and Granzymes. As shown in figure 20, we examined the susceptibility of
select IL-18 variants to attenuation of biological activity by its natural antagonist, IL-18 BP. Panel A of figure 20 is an
illustration of the IL-18 fusion proteins examined. That is, FUSE-442 (Fc-Ekpp-IL-18AV) and FUSE-424 (Fc-Ekpp-
IL-18mut2AV). Both variants contain the same cysteine to valine substitutions, however, FUSE-424 harbors a mature
IL-18AV (termed IL-18mut2AV) downstream of the polypeptide (pp) that includes the following mutations: M87K,
K89G, M696L. and M149V. These four residues within the mature 18 kDa fragment of IL-18 were previously
described as important to binding/masking of wild type IL-18. We therefore hypothesized that substitution of these
residues would reduce binding of IL-18 BP such that IL-18 Avmut2 would maintain biological activity in the presence
of IL-18BP, which is often over-represented relative to IL-18 in the tumor microenvironment (TME). As in previous
examples, HEK Blue IL-18 was used to assess biological activity via MYD88 driven SEAP and potency reported as
the EC50-SEAP. FUSE-442 (Fc-Ekpp-1L-18AV) and FUSE-424 (Fc-Ekpp-IL-18mut?AV) were treated with EK to
release mature IL-18AV or IL-18mut2AV, respectively. Each cleavage product was then titrated from 1 pg/ml to 1
pg/ml in media alone or media containing 125 pg/ml human recombinant IL-18-BP (hrIL-18-BP). Human
recombinant [L-18 (hrIL-18) was used as the reference molecule for wild type inhibition of HEK Blue IL-18 reporter
activity mediated by thIL-18BP. Panels B (thIL-18), D (FUSE-442), and F (FUSE-424) are non-linear x-y plots of
SEAP release (IL-18R reporter activity) on the y-axis versus the concentration of test article on the x-axis in the
presence or absence of [L-18BP. A summary of biological potencies (EC50-SEAP) relevant to each graph is shown
as panels C, E, and G (beneath each x-y plot). As is well documented, we observed strong attenuation of thIL-18 by
thIL-18BP in the order of at least 300-1000-fold. For IL-18AYV released from FUSE442, we observed about 100 to
150-fold attenuation of biological activity (i.c., ~3-6 fold less than rhIL-18) suggesting that apparent affinity of IL-
18AV for IL-18BP is weaker than that of rhIL-18 for IL-18BP. Importantly, the cleavage product of FUSE424, IL-
18mut2AV, appeared resistant to biological attenuation by rhIL-18BP. As seen in panel F, we observed no appreciable
difference in biological activity between IL-18mut2AV released from FUSE424 and the same molecule exposed to
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thIL-18BP. This data suggests strongly that IL-18mut2AV binds with far weaker apparent affinity to rthIL-18BP
compared to IL-18AV or rhIL-18. As such, a masked version of IL-18mut2AV designed to be released by proteases
present in the TME including but not limited to MMP2, 9 and 14 and/or proteases released in inflamed tumors
including but not limited to Granzymes A, B and M may be predicted to function in the presence of IL-18BP to promote
anti-tumor activity via multiple pathways including but not limited to IFNy mediated Th1 and Tcl activity.

[0287] As shown in figure 21, we examined the impact of the size of polypeptides fused to the N-terminus
of mature IL-18 on the biological activity of a single IL-18AV fused to the N-terminus of IgGl Fc. Panels A are
exemplary illustrations of IL-18AV fused on the knob of a knob into hole IgGl-Fc¢ domain with different size
polypeptides ranging from a propeptide variant (FUSE-499; described in FIG. 18) to 35 amino acids (FUSE756) to 15
amino acids (FUSE757 and FUSE758). To allow for translocation of all constructs into the Endoplasmic Reticulum
(ER) of mammalian cells and hence expression/secretion, the signal peptide from the Ig Kappa chain (IgK leader) was
encoded upstream of the polypeptides (and cleaved off the signal peptidase in the ER). The polypeptides of FUSE756
and FUSE757 are made up of a series of glycine and serine residues whereas that of FUSE758 is the sequence of the
overhang generated by MMP2 mediated cleavage of the MMP cleavage site, KPLGLQARVVGGGG. In these three
cases, the C-terminus of the N-terminal polypeptides also incorporated the Granzyme B site, IEQD. Using the HEK-
Blue IL-18 reporter cell assay as a recadout, we examined the capacity of the different size polypeptides to
attenuate/mask IL-18AV-Fc (FUSE500; closed squares) or thIL-18 (black cross hatches “X”). All polypeptides fused
to the N-terminus of mature IL-18AV reduced biological activity, measured as EC50-SEAP, by at least 100-fold.
FUSE499 (closed triangles) was the most attenuated (>10,000-fold). FUSE757 (closed diamonds) and 758 (open
reverse triangle), both of which included 11 amino acid polypeptides fused to the N-terminus of mature IL-18AV,
were about 250-fold less biologically active relative to FUSES00 or rhIL-18. FUSE756 (open triangles), which
contained a polypeptide of 31 amino acids polypeptides fused to the N-terminus of mature IL-18AV was
approximately 1000-fold less biologically active relative to FUSE5S00 or thIL-18. Thus, all polypeptides tested and
larger proteins including HSA and fragments of IgG from previous examples, fused to the N-terminus of mature IL-
18AV, regardless of size or amino acid constitution, attenuated the biological activity of mature IL-18. The degree of
attenuation appears to correlate positively with the size of the polypeptide/protein fused to the N-terminus of TL-18.

Example 21
Technigues and Procedures
HEK-Blue-IL-18 cell activation assay with IL-18 or FUSE proteins
[0288] HEK-BLUE™-IL-18 cells from Invivogen were maintained in culture medium (DMEM medium
with 4.5 g/L. glucose, 2 mM L-Glutamine, 10% (v/v) heat-inactivated fetal bovine serum, 100 U/mL penicillin, 100
pug/mL streptomycin, 100 pg/mL Normocin and 1x HEK-blue selection reagent). HEK-BLUE™ IL-18 cells are
engineered from the human embryonic kidney 293 (HEK293) cell line to stably express genes encoding the IL-18
receptor (IL-18R) and IL-18 receptor accessory protein (IL-18RAP) and express an NF-Kb/AP-1-inducible secreted
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embryonic alkaline phosphatase (SEAP) reporter gene, therefore being useful for detection of bioactive IL-18 by
monitoring the activation of the NF-Kb and AP-1 pathways via quantification in the supematant of the SEAP level
(which is produced upon activation of NF-Kb) with a solution such as QUANTI-BLUE™ Solution. In addition, the
responses to human TNF-o and IL-1[3 have been blocked in HEK-BLUE™ IL-18 cells, and so the HEK-BLUE™ IL-
18 cells are responsive specifically to IL-18.

[0289] On the day of experiment setup, HEK-BLUE-IL-18 cells were gently rinsed twice with pre-warmed
phosphate buffered saline (PBS) and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were
resuspended in pre-warmed testing medium (DMEM with 4.5 g/L glucose, 2 mM L-Glutamine, 10% (v/v) heat-
inactivated FBS, 100 U/mL penicillin, and 100 pug/mL streptomycin) at the density of 5x10° cell per mL. To seed the
cells (50000 cells per well), 100 uL of resuspended HEK-Blue-IL-18 cells were added to designated wells in 96-well
plate.

[0290] For protein preparation, FUSE proteins were diluted in testing medium from 300000 pg/mL to 6.4
pg/mL (2% of final concentration) by 5-fold serial dilution. IL-18 was also diluted in testing medium from 800 pg/mL
to 1.28 pg/mL (2x of final concentration) by 5-fold serial dilution. To treat HEK-Blue-IL-18 cells, 100 puL of prepared
IL-18 or FUSE proteins were added to the designated wells with 50000 cells in the 96-well plate. and then the proteins
were gently mixed the cells. The 96-well plate was then incubated at 37°C with 5% CO, for 24 hours.

[0291] After 24-hour activation, HEK-Blue-IL-18 cells released secreted alkaline phosphatase in the
supernatant. 20 pL. of HEK-Blue-IL-18 cell culture supematant was transferred to a new 96-well plate. Meanwhile,
QUANTI-Blue solution from Invivogen was prepared by adding 1 mL of QB reagent and 1 mL of QB buffer to 98
mL of sterile water. 180 uL of prepared QUANTI-Blue solution was then added to the 96-well plate with 20 pL of
HEK-Blue-IL-18 cell culture supernatant and incubated at 37°C for 4 hours. The level of secreted alkaline phosphatase
related to HEK-Blue-IL-18 cell activation was detected by measuring the OD at 630 nm using a spectrophotometer.
HEK-Blue-IL-18 cell activation assay with enterokinase (EK)-cleaved FUSE proteins

[0292] HEK-Blue-IL-18 cells from Invivogen were maintained in culture medium. On the day of
experiment setup, HEK-Blue-IL-18 cells were gently rinsed twice with pre-warmed phosphate buffered saline (PBS)
and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were resuspended in pre-warmed
testing medium at the density of 5x10° cell per mL. To seed the cells (50000 cells per well), 100 uL of resuspended
HEK-Blue-IL-18 cells were added to designated wells in 96-well plate.

[0293] For FUSE protein cleavage. 4 pg of FUSE protein was mixed with 80 ng of EK enzyme and 2 pL of
10x PBS in a tube. Sterile water was added to the tube to bring the total reaction volume to 20 uL. The tube was then
incubated at 25 °C for 40 minutes. After 40-minute incubation, cleaved FUSE proteins were diluted in testing medium
from 500000 pg/mL to 6.4 pg/mL (2x of final concentration) by 5-fold serial dilution. IL-18 was also diluted in testing
medium from 800 pg/mL to 1.28 pg/mL (2% of final concentration) by 5-fold serial dilution. To treat HEK-Blue-IL-
18 cells, 100 pL of prepared IL-18 or cleaved FUSE proteins were added to the designated wells with 50000 cells in
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the 96-well plate and then gently mixed the cells with proteins. The 96-well plate was then incubated at 37°C with 5%
CO2 for 24 hours.

[0294] After 24-hour activation, 20 pL of HEK-Blue-IL-18 cell culture supernatant with secreted alkaline
phosphatase was transferred to a new 96-well plate. Meanwhile, QUANTI-Blue solution was prepared by adding 1
mL of QB reagent and 1 mL of QB buffer to 98 mL of sterile water. 180 uL of prepared QUANTI-Blue solution was
then added to the 96-well plate with 20 uL of HEK-Blue-IL-18 cell culture supernatant and incubated at 37°C for 4
hours. The level of secreted alkaline phosphatase related to HEK-Blue-IL-18 cell activation was detected by measuring
the OD at 630 nm using a spectrophotometer.

HEK-Blue-1L-18 cell activation assay with matrix metalloproteinase (MMP)-cleaved FUSE proteins

[0295] HEK-Blue-IL-18 cells from Invivogen were maintained in culture medium. On the day of
experiment setup, HEK-Blue-IL-18 cells were gently rinsed twice with pre-warmed phosphate buffered saline (PBS)
and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were resuspended in pre-warmed
testing medium at the density of 5x10° cell per mL. To seed the cells (50000 cells per well), 100 pL of resuspended
HEK-Blue-IL-18 cells were added to designated wells in 96-well plate.

[0296] For FUSE protein cleavage, | ug of FUSE protein was mixed with 280 ng of MMP2 or MMP9
enzyme and 2.8 pL of 10x assay buffer (500 mM Tris, 100 mM CaCl2, 1500 mM NaCl, 0.5% (w/v) Brij-35, pH 7.5),)
in atube. Sterile water was added to the tube to bring the total reaction volume to 28 pL. The tube was then incubated
at 37 °C for 2 hours. After 2-hour incubation, cleaved FUSE proteins were diluted in testing medium from 500000
pg/mL to 6.4 pg/mL (2x of final concentration) by 5-fold serial dilution. IL-18 was also diluted in testing medium from
800 pg/mL to 1.28 pg/mL (2x of final concentration) by 5-fold serial dilution. To treat HEK-Blue-1L-18 cells, 100 L.
of prepared IL-18 or cleaved FUSE proteins were added to the designated wells with 50000 cells in the 96-well plate
and then gently mixed the cells with proteins. The 96-well plate was then incubated at 37°C with 5% CO2 for 24 hours.
[0297] After 24-hour activation, 20 pL of HEK-Blue-IL-18 cell culture supematant with secreted alkaline
phosphatase was transferred to a new 96-well plate. Meanwhile, QUANTI-Blue solution was prepared by adding 1
mL of QB reagent and 1 mL of QB buffer to 98 mL of sterile water. 180 pL of prepared QUANTI-Blue solution was
then added to the 96-well plate with 20 plL. of HEK-Blue-IL-18 cell culture superatant and incubated at 37°C for 4
hours. The level of secreted alkaline phosphatase related to HEK-Blue-IL-18 cell activation was detected by measuring
the OD at 630 nm using a spectrophotometer.

HEK-Blue-IL-18 cell activation assay with Caspase I-cleaved FUSE proteins

[0298] HEK-Blue-IL-18 cells from Invivogen were maintained in culture medium. On the day of
experiment setup, HEK-Blue-IL-18 cells were gently rinsed twice with pre-warmed phosphate buffered saline (PBS)
and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were resuspended in pre-warmed
testing medium at the density of 5x10° cell per mL. To seed the cells (50000 cells per well), 100 pL of resuspended
HEK-Blue-IL-18 cells were added to designated wells in 96-well plate.
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[0299] For FUSE protcin clcavage, 14 pg of FUSE protein was mixcd with 0.5 unit of Caspasc I cnzyme
and 2.8 pL of 10x assay buffer (500 mM Hepes, pH 7.2, 500 mM NaCl, 1% Chaps, 100 mM EDTA, 50% Glycerol,
and 100 mM DTT) in a tube. Sterile water was added to the tube to bring the total reaction volume to 28 pL. The tube
was then incubated at 37 °C for 2 hours. After 2-hour incubation, cleaved FUSE proteins were diluted in testing
medium from 500000 pg/mL to 6.4 pg/mL (2x of final concentration) by 5-fold serial dilution. IL-18 was also diluted
in testing medium from 800 pg/mL to 1.28 pg/mL (2x of final concentration) by 5-fold serial dilution. To treat HEK-
Blue-IL-18 cells, 100 pL of prepared IL-18 or cleaved FUSE proteins were added to the designated wells with 50000
cells in the 96-well plate and then gently mixed the cells with proteins. The 96-well plate was then incubated at 37°C
with 5% COx for 24 hours.

[0300] After 24-hour activation, 20 pL of HEK-Blue-IL-18 cell culture superatant with secreted alkaline
phosphatase was transferred to a new 96-well plate. Meanwhile, QUANTI-Blue solution was prepared by adding 1
mL of QB reagent and 1 mL of QB buffer to 98 mL of sterile water. 180 pL of prepared QUANTI-Blue solution was
then added to the 96-well plate with 20 pL of HEK-Blue-IL-18 cell culture superatant and incubated at 37°C for 4
hours. The level of secreted alkaline phosphatase related to HEK-Blue-1L-18 cell activation was detected by measuring
the OD at 630 nm using a spectrophotometer.

HEK-Blue-IL-18 cell activation assay with granzyme B-cleaved FUSE proteins

[0301] HEK-Blue-IL-18 cells from Invivogen were maintained in culture medium. On the day of
experiment setup, HEK-Blue-IL-18 cells were gently rinsed twice with pre-wammed phosphate buffered saline (PBS)
and then detached in PBS by tapping the flask. Detached HEK-Blue-IL-18 cells were resuspended in pre-warmed
testing medium at the density of 5x10° cell per mL. To seed the cells (50000 cells per well), 100 pL of resuspended
HEK-Blue-IL-18 cells were added to designated wells in 96-well plate.

[0302] Maturc active human granzyme B was gencrated by cleaving human pro-granzyme B using EK
enzyme. In brief, 4 ug of human pro-granzyme B was mixed with 40 ng of EK enzyme and 2 pL of 10x PBS in a
tube. Sterile water was added to the tube to bring the total reaction volume to 20 pL. The tube was then incubated at
25 °C for 40 minutes. After 40-minute incubation, activated human granzyme B was used to cleave FUSE proteins. In
brief, 10 pg of fuse proteins were mixed with 1 ug of activated human granzyme B in assay buffer (50 mM HEPES
(pH 7.4), 100 mM Na(l, 0.1% CHAPS, 1 mM EDTA, 10% Glycerol) and incubated for certain time indicated in each
experiment at 37°C.

[0303] Granzyme B-cleaved fuse proteins were then diluted in testing medium from 500000 pg/mL to 6.4
pg/mL (2% of final concentration) by 5-fold serial dilution. IL-18 was also diluted in testing medium from 800 pg/mL
to 1.28 pg/mL (2x of final concentration) by 5-fold serial dilution. To treat HEK-Blue-IL-18 cells, 100 uL of prepared
IL-18 or cleaved FUSE proteins were added to the designated wells with 50000 cells in the 96-well plate and then
gently mixed the cells with proteins. The 96-well plate was then incubated at 37°C with 5% CO; for 24 hours.
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[0304] Non-clcaved or cleaved FUSE proteins were prepared in testing medium from 1000000 pg/ml to
12.8 pg/ml (4x of final concentration) by 5-fold serial dilution. IL-18BP was diluted in testing medium at the
concentration of 5,000,000 pg/ml (4x of final concentration) by. To treat HEK-Blue-IL-18 cells, 50 uL of prepared
non-cleaved or cleaved FUSE proteins and 50 uL of prepared IL-18BP were mixed, incubated for 1 hour, and then
added to the designated wells with 50000 cells in the 96-well plate and then gently mixed the cells with proteins. The
96-well plate was then incubated at 37°C with 5% CO2 for 24 hours. Since our fusion proteins have attenuated binding
to the IL-18R complex, we conceive that they will also have reduced binding to IL-18BP, compared to cleaved FUSE
proteins, because both IL-18R and IL-18BP compete for binding to IL-18. The recent crystal structures of binary and
temary complexes of hIL-18 with its receptors have shown that IL-18BP competes directly with the hIL-18Ra D3
domain for binding hIL-18, overlapping the previously identified hIL-18 binding site II (Krumm, et al., Acta
Crystallogr F Struct Biol Commun. 2015 Jun 1; 71(Pt 6): 710-717).

[0305] After 24-hour activation, 20 uL. of HEK-Blue-IL-18 cell culture supernatant with secreted alkaline
phosphatase was transferred to a new 96-well plate. Meanwhile, QUANTI-Blue solution was prepared by adding 1
mL of QB reagent and 1 mL of QB buffer to 98 mL of sterile water. 180 pL of prepared QUANTI-Blue solution was
then added to the 96-well plate with 20 pL of HEK-Blue-1L-18 cell culture supematant and incubated at 37°C for 4
hours. The level of secreted alkaline phosphatase related to HEK-Blue-1L-18 cell activation was detected by measuring
the OD at 630 nm using a spectrophotometer.

Binding assay by Biolayer Interferometry

[0306] Coating proteins were prepared in 1xPBS with 0.02% Tween-20 with the final concentration of 15
ug/ml. Capturing protein were also prepared, and seral diluted (4-fold dilution ranging from 400 nM to 1.6 nM) in
1xPBS with 0.02% Tween-20. The biosensors were pre-moistened in 200 uL of 1xPBS with 0.02% Tween-20 for 10
minutes. Meanwhile, Octet BLI system (ForteBio) was prewarmed for 30 minutes and the flow rate was set to 1000
rpm. The biosensors (Capture biosensor) were soaked in 250 uL of 1xPBS with 0.02% Tween-20 for 60 seconds at
30°C to get an initial baseline reading. After the 60-second baseline reading, the biosensors were exposed to coating
proteins for 300 seconds at 30°C for the association between antibody and the biosensors (coupling coating proteins
with biosensor). The biosensors with coating proteins were then exposed to capturing proteins in 250 uLL of 1xPBS
with 0.02% Tween-20 at 30C for 300 seconds for the association reaction between the coating proteins and capturing
proteins (association curve). After 300-second association reaction between coating proteins and capturing proteins,
the biosensors with coating proteins and capturing proteins were then exposed to 250 uLL of 1xPBS with 0.02% Tween-
20 at 30°C for 300 seconds for the dissociation reaction between coating proteins and capturing proteins (dissociation
curve). For binding to IL18BP, each IL18 mutant was coated onto AHC biosensor tips and probed with recombinant
His tagged IL-18BP at concentrations ranging from 400 nM to 1.6 nM. For binding to IL18Ra, His tagged IL18Ra
was coated into nickel biosensor tips and probed with recombinant each IL18 mutant at concentrations ranging from

400 nM to 1.6 nM. The binding affinity was calculated by the built-in data fitting algorithm.
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Ixample 22
[0307] As shown in figure 22, we engineered eleven mutants of human IL-18 (IL-18AV shown) and
measured their ability to bind recombinant human IL-18BP and recombinant human IL-18RA (also termed IL-18Ra).
All test articles were generated as Fe fusion proteins with the IL-18 variant fused to the N-terminus of the Fe (see FIG.
11A). The locations and amino acid substations associated with cach variant arc depicted in FIG. 22A.
[0308] To assess binding to human IL18BP or human IL18Ra, kinetic binding graphs were generated via
Bio-Layer Interferometry (BLI) using an Octet system (ForteBio). For binding to IL18BP, each IL18 mutant was
coated onto AHC biosensor tips and probed with recombinant His tagged I1.-18BP at concentrations ranging from 400
nMto 1.6 nM (FIG. 22B). For binding to IL18Ra, His tagged IL18Ra was coated into nickel biosensor tips and probed
with recombinant each IL18 mutant at concentrations ranging from 400 nM to 1.6 nM (FIG. 22D). Summary tables
for binding to IL-18BP and IL18-RA (binding affinity (KD), on rate (k-on) and off rate (k-dis)) are shown in FIGs
22C and 22E, respectively.
[0309] All eleven IL-18 mutants bound to IL18BP with weaker affinity than FUSES00 (wild type human
IL-18-AV-Fc). Five mutants were associated with no appreciable binding. These are FUSE545, FUSE599, FUSE600,
FUSE601 and FUSE602.
[0310] In contrast, all eleven mutants maintained appreciable binding to IL18RA. The affinitics ranged from
11 nM to 30 nM, which was only between 1.5-fold and 4-fold weaker than the affinity of FUSE500 for IL-18RA (7.4
nM).

LIxample 23
[0311] As shown in the table below, we tabulated the binding affinities of eleven mutant variants of human
IL-18 (IL-18AV shown) to human IL18BP and human IL18Ra. Each IL-18 protein was generated as an Fc fusion
proteins whereby the IL-18 variant was fused to the N-terminus of the Fc (see FIG. 21A).

Protein Mutant IL-BP Kd (nM) IL-18Ra. Kd (nM)
IL18 4E-10%** DE-Og##+
FUSE500 Wild type AV 7.28E-10* 7 4E-09%*
FUSE 545 mut2 - 1.9E-08
FUSE 546 mut3 1.4E-07 1.8E-08
FUSE 547 mut4 4.0E-08 2.6E-08
[FUSE 583 mut5 3.2E-09 1.2E-08
FUSE 584 mut6 4.0E-08 2.5E-08
[FUSE 585 mut7 1.5E-07 2 0E-08
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FUSE 586 mut8 2.6E-09 1.6E-08
FUSE 599 mut9 - 3.0E-08
FUSE 600 mut10 - 1.8E-08
FUSE 601 mutl1 - 2.1E-08
FUSE 602 mutl2 - 1.1IE-08

*mean of 11 measurements, ** mean of 9 measurements
***www.pnas.org/doi/10.1073/pnas.97.3.1190
*#***arthritis-research. biomedcentral com/articles/10.1186/ar3295

Example 24
[0312] As shown in figurc 23, we examined the impact of the size of polypeptides fused to the N-tcrminus
of mature IL-18 on the biological activity of a single IL-18AV fused to the N-terminus of IgG1 Fe.
[0313] A single N-terminal amino acid (FUSES74. downward open triangles) and different size
polypeptides ranging from five amino acids (FUSE875) to the propeptide variant of FUSE-499 (upward closed
triangles; see FIG. 21 for description) were investigated. FUSE500 was used as the fully active control without a N-
terminal polypeptide.
[0314] To allow for translocation of all constructs into the Endoplasmic Reticulum (ER) of mammalian cells
and hence expression/secretion, the signal peptide from the Ig Kappa chain (IgK leader) was encoded upstream of the
polypeptides (and cleaved off the signal peptidase in the ER).
[0315] The polypeptides of FUSE875 (5 residues; closed stars), FUSE876 (10 residues; open diamonds),
FUSE757 (15 residues; open circles), FUSE756 (35 residues; downward closed triangles) are made up of a series of
glyvcine and serine residues. The N-terminal polypeptide associated with FUSE7358 (open upward triangles) is the
sequence of the overhang generated by MMP2 cleavage of FUSEA486 (see FIG. 19). For FUSE756, FUSE757 and
FUSE758, the final four amino acids of the N-terminal peptide consisted of the Granzyme B cleavage site, IEQD (SEQ
ID NO:88) (see FIG. 21).
[0316] Using the HEK-Blue IL-18 reporter cell assay as a readout, we examined the capacity of the different
size polypeptides to attenuate/mask IL-18AV-Fc (FUSES00; closed squares) or rhIL-18 (black crosses “X7). All
polypeptides and the single amino acid (serine) fused to the N-terminus of mature IL-18 AV reduced biological activity,
measured as EC50-SEAP, by at least 10-fold.
[0317] The degree of attenuation increased as the size of the polypeptide increased, such that the rank order
of attenuation was observed as FUSE499>FUSE756, FUSE757, FUSE758>FUSE876, FUSE875>FUSER74. A
summary table of potencies (EC50-SEAP) is shown beneath the non-linear x-y graph.

Example 24
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[0318] As shown in figurc 24A-24H, we cxamined the impact of the substituting the cysteine residuc in
the pro-peptide and cysteine residues in the mature IL18, which were fused together to form the pro-IL-18 variant
cassette, on the biological activity of each variant using the HEK Blue IL18 assay system. Unless otherwise stated, the
proteins were generated such that the propeptide-IL-18 variant was fused to the C-terminal knob or hole of a knobs
into holes human IgG1 Fc as previously depicted in FIG. 1A with a Granzyme B cleavage site added between the pro-
peptide variant and the mature IL18 variant. The three variants assessed in FIG. 1 contained serine substitutions
(FUSE480), alanine substitutions (FUSE481) or valine substitutions (FUSE442) at all the cysteine residues in pro-IL-
18. Mature IL-18 variants released from FUSE442 and FUSE481 were about as active as recombinant human I1.-18
whereas mature 1L18 released from FUSE480 (serine substituted) was approximately 100-fold attenuated versus
recombinant human IL-18 (see FIGs 1B-1D).

[0319] For this example, the variant of pro-IL-18 in which all the cysteines were substituted for valine
included an N-terminus EGFR specific VHH (FUSE5 16; closed triangle) and the variant of pro-IL-18 in which all the
cysteines were substituted for serine included an N-terminus PD-1 specific Fab (FUSE694; closed diamond). As in
FIG. 1, biological activity of the pro-IL18 test articles were assessed using HEK Blue IL18. Each was tested as an
intact untreated protein or following exposure to recombinant human Granzyme B.

[0320] FIG 24A shows the results with FUSE5 16 (closed triangle), in which the cysteine residue in its pro-
peptide variant is replaced with valine and all the cysteines in its mature IL18 variant are replaced by valine. Intact
FUSE316 is about 1000-fold attenuated relative to recombinant human IL 18 and that the mature [L18 variant released
from FUSE316 (open triangle) by Granzyme B is approximately as active as recombinant human I1.18.

[0321] FIG 24B shows the results with FUSE694 (closed diamond), in which the cysteine residue in its pro-
peptide variant is replaced with serine and all of the cysteines in its mature IL18 variant are replaced by serines. Intact
FUSE694 is greater than 10,000-fold attenuated relative to recombinant human IL18 and that the mature IL18 variant
released from FUSE694 (open diamond) by Granzyme B is approximately 60-fold less active than recombinant human
IL18.

[0322] FIG 24C shows the results with FUSES87 (closed reverse triangle). in which the cysteine residue in
its pro-peptide variant is replaced with threonine and all the cysteines in its mature [L18 variant are replaced by serines.
Intact FUSE887 is greater than 10,000-fold attenuated relative to recombinant human IL18 and that the mature IL18
variant released from FUSES87 by Granzyme B (open reverse triangle) is approximately 100-fold less active than
recombinant human IL18.

[0323] FIG 24D shows the results with FUSE888 (closed triangle), in which the cysteine residue in its pro-
peptide vanant is replaced with glutamine and all the cysteines in its mature [L18 variant are replaced by serines. Intact
FUSE888 is greater than 10,000-fold attenuated relative to recombinant human IL18 and that the mature IL18 variant
released from FUSES88 (open triangle) by Granzyme B is approximately 100-fold less active than recombinant human

ILIS.
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[0324] FIG 24E shows the results with FUSE889 (closcd squarc), in which the cysteine residuc in its pro-
peptide variant is replaced with aspartic acid and all the cysteines in its mature IL18 variant are replaced by alanines.
Intact FUSES889 is greater about 10,000-fold attenuated relative to recombinant human IL18 and that the mature IL18
variant released from FUSE889 by Granzyme B (open square) is approximately 100-fold less active than recombinant
human IL18.

[0325] FIG 24F shows the results with FUSE890 (closed reverse triangle), in which the cysteine residue in
its pro-peptide variant is replaced with phenylalanine and all of the cysteines in its mature IL18 variant are replaced by
alanines. Intact FUSE890 is about than 10,000-fold attenuated relative to recombinant human 1L 18 and that the mature
IL18 variant released from FUSES90 by Granzyme B (open reverse triangle) is approximately 100-fold less active
than recombinant human IL18.

[0326] FIG 24G shows the results with FUSE891 (closed triangle), in which the cysteine residue in its pro-
peptide variant is replaced with isoleucine and all the cysteines in its mature IL 18 variant are replaced by valines. Intact
FUSEZ$91 is about 3,000-fold attenuated relative to recombinant human IL 18 and that the mature IL18 variant released
from FUSE891 (open triangle) by Granzyme B is approximately 100-fold less active than recombinant human IL18.
[0327] FIG 24H shows the results with FUSE892 (closed reverse triangle), in which the cysteine residue in
its pro-peptide variant is replaced with histidine and all the cysteines in its mature IL18 variant are replaced by valines.
Intact FUSES92 is greater about 3,000-fold attenuated relative to recombinant human IL18 and that the mature IL18
variant released from FUSE892 (open reverse triangle) by Granzyme B is approximately 100-fold less active than

recombinant human IL18.

[0328] Summary tables of potency (EC50-SEAP) are show to the right of each non-linear x-y plot.
Example 25

[0329] As shown in figure 25A-25B, we examined the impact of targeting pro-IL18 to within close

proximity of its receptor complex (i.¢., “cis activity”). Pro-IL-18 variants tested were (a) that in which all the cysteine
residues were substituted with serines (pro-IL18AS, FUSE782 and FUSES827) and (b) that in which all the cysteines
were substituted with valines (pro-IL18AV, FUSE783 and FUSE785). Pro-IL18AS or pro-IL18AV were fused to the
N-terminal knob or hole of a PD1 specific knobs into holes antibody (FUSE782 and FUSE783). The fab for these
fusion proteins was derived from nivolumab. To test whether targeting the pro-IL18 variants to PD1 decorated on the
same cell that expressed the IL-18R complex (cis effect) enhanced biological activity compared to cells that were not
decorated with PD-1 (trans effect), (1) we used HEK Blue 1L18 as our 1L18R complex positive reporter system, and
(2) either used the cell without modification or decorated the cell line with the ectodomain of PD-1 using a bispecific
antibody that contains a CD46 specific fab (clone Y'S5) on the N-terminal hole and the PD-1 ectodomain on the N-
terminal knob (FUSE986). CD46 was chosen because of its reported expression the parental HEK 293 cell line
(jitc.bmj.com/content/6/1/55), which we confirmed on HEK Blue IL18 (not shown). We also generated pro-IL18AS
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(FUSES827) and pro-IL18AV (FUSE775) that were functional non targeted in this and could only function in trans.
FUSES$27 contained no targeting domain (i.¢., Fc only) and FUSE775 replaced the PD-1 specific fab with an EGFR
specific VHH, 9G8, the ligand for which (EGFR) was not expressed on HEK Blue IL18 (data not shown). FIG. 25A
and FIG. 25B are nonlinear x-v plots of IL 18 biological activity versus the concentration of each test article using HEK
Blue IL18 (FIG. 25A) and PD-1 decorated HEK Blue IL18 (FIG. 25B). As previously observed for pro-IL18AS and
pro-IL18AV, serine substitutions results in greater attenuation than valine substitutions. As such, when HEK Blue
IL18 (FIG. 25A; trans activity only), was treated with (a) the valine mutants FUSE783 (open reverse triangle) or
FUSE775 (closed triangle), we observed about a 1000-fold attenuation relative to recombinant human IL18 and (b)
the serine mutants FUSE782 (open triangle) and FUSE827 (closed reverse triangle), we observed about greater than a
100,000-fold attenuation relative to recombinant human IL18.

[0330] With regards to cis activity (FIG. 25B using PD-1 decorated HEK Blue IL18 ), we observed
increased biological activity from the PD-1 targeted versions of pro-IL18AS (FUSE782; about 100-fold relative to non
targeted FUSE827) and pro-IL18AV (FUSE783; approximately 30-fold relative to non targeted FUSE775).

[0331] FUSE691 (nivolumab) was used as the negative control antibody in both FIG. 25A and FIG. 25B.
No biological activity was observed from this test article. No appreciable difference was observed in the biological
activities of recombinant human IL18 or the non targeted test articles (FUSE775 and FUSES827), allowing for
comparison across FIG. 25A and FIG. 25B. In this context, the PD-1 targeted versions of pro-IL18AS (FUSE782) and
pro-IL18AV (FUSE783) were about 100 and 30-fold more active when cxposcd to PD-1 decorated HEK Bluc IL-18
than non-decorated HEK Blue L18.

[0332] Summary tables of the potency of each pro-1L18 variant are shown below each graph.

[0333] Various embodiments of the invention are described above in the Detailed Description. While these
descriptions directly describe the above embodiments, it is understood that those skilled in the art may conceive
modifications and/or variations to the specific embodiments shown and described herein. Any such modifications or
variations that fall within the purview of this description are intended to be included therein as well. Unless specifically
noted, it is the intention of the inventors that the words and phrases in the specification and claims be given the ordinary
and accustomed meanings to those of ordinary skill in the applicable art(s).

[0334] The foregoing description of various embodiments of the invention known to the applicant at this
time of filing the application has been presented and is intended for the purposes of illustration and description. The
present description is not intended to be exhaustive nor limit the invention to the precise form disclosed and many
modifications and variations are possible in the light of the above teachings. The embodiments described serve to
explain the principles of the invention and its practical application and to enable others skilled in the art to utilize the

invention in various embodiments and with various modifications as are suited to the particular use contemplated.
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Therefore, it is intended that the invention not be limited to the particular embodiments disclosed for carrying out the
mnvention.

[0335] While particular embodiments of the present invention have been shown and described, it will be
obvious to those skilled in the art that, based upon the teachings herein, changes and modifications may be made
without departing from this invention and its broader aspects and, therefore, the appended claims are to encompass
within their scope all such changes and modifications as are within the true spirit and scope of this invention. As used
herein the term “comprising” or “comprises” is used in reference to compositions, methods, and respective
component(s) thereof, that are useful to an embodiment, yet open to the inclusion of unspecified elements, whether
useful or not. It will be understood by those within the art that, in general, terms used herein are generally intended as
“open” terms (e.g., the term “including” should be interpreted as “including but not limited to,” the term “having”
should be interpreted as “having at least,” the term “includes” should be interpreted as “includes but is not limited to.”
etc.). Although the open-ended term “‘comprising,” as a synonym of terms such as including, containing, or having, is
used to describe and claim the invention, the present invention, or embodiments thereof, may altematively be described
using other terms such as “‘consisting of” or “consisting essentially of.”

[0336] Unless stated otherwise, the terms “a” and “an” and “the” and similar references used in the context
of describing a particular embodiment of the application (especially in the context of claims) may be construed to cover
both the singular and the plural. The recitation of ranges of values herein is merely intended to serve as a shorthand
mcthod of referring individually to cach scparate valuc falling within the range. Unless otherwisc indicated herein,
each individual value is incorporated into the specification as if it were individually recited herein. All methods
described herein may 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 (for example, “such as™) provided
with respect to certain embodiments herein is intended merely to better illuminate the application and does not posc a
limitation on the scope of the application otherwise claimed. The abbreviation, “e.g.” is derived from the Latin exempli
gratia, and is used herein to indicate a non-limiting example. Thus, the abbreviation “e.g.” is synonymous with the
term “for example.” No language in the specification should be construed as indicating any non-claimed element
essential to the practice of the application. “Optional” or “optionally” means that the subsequently described
circumstance may or may not occur, so that the description includes instances where the circumstance occurs and
instances where it does not. Groupings of alterative elements or embodiments of the present disclosure disclosed
herein are not to be construed as limitations. Each group member may be referred to and claimed individually or in
any combination with other members of the group or other elements found herein. One or more members of a group
may be included in, or deleted from, a group for reasons of convenience and/or patentability. When any such inclusion
or deletion occurs, the specification is herein deemed to contain the group as modified thus fulfilling the written

description of all Markush groups used in the appended claims.
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WHATIS CLAIMED IS:

L. A method of activating an IL-18 receptor complex (RC) signal on a cell, comprising
administering a fusion protein to a subject in need thereof,
wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-
18 variant, or a fragment of the IL-18 variant,
wherein the IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18
variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein
capable of translocating into the ER.
2. A method of releasing or exposing mature IL-18 in a tumor microenvironment or adjacent to a tumor,
comprising:
administering a fusion protein to a subject in need thereof,
wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof, and an interleukin 18 (IL-18), a fragment of IL-18, an IL-
18 variant. or a fragment of the 1L-18 variant,
wherein the [L-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18
variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein
capable of translocating into the ER.
3. A method of increasing activity, persistence and immune memory of CD8' T cells, CD4+ T cells, or y8 T
cells, comprising
administering a fusion protein to a subject in need thereof,
wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof;, and an interleukin 18 (IL-18), a fragment of IL-18, an IL-
18 variant, or a fragment of the IL-18 variant,
wherein the IL-18, the fragment of IL-18, the IL-18 variant. or the fragment of the IL-18
variant 1s on the C-terminus end of the fusion protein relative to the first polypeptide or protein
capable of translocating into the ER.
4, A method of treating cancer in a subject in need thereof, comprising;
administering a fusion protein to a subject in need thereof,
wherein the fusion protein comprises a first polypeptide or protein capable of translocating into an
endoplasmic reticulum (ER) or a fragment thereof; and an interleukin 18 (IL-18), a fragment of IL-18, an IL-
18 variant, or a fragment of the 1L-18 variant,
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wherein the IL-18, the fragment of IL-18, the IL-18 variant, or the fragment of the IL-18
variant is on the C-terminus end of the fusion protein relative to the first polypeptide or protein
capable of translocating into the ER.

The method of any one of claims 1-4, wherein the subject has or is suspected to have cancer, or wherein the

subject has one or more symptoms of cancer.

A method of reducing collagen deposition into extracellular space or reducing fibrosis, comprising
administering a fusion protein to a subject in need thereof,

wherein the fusion protein comprises a first polypeptide or protein capable of translocating
into an endoplasmic reticulum (ER) or a fragment thereof’ and an interleukin 18 (IL-18), a fragment
of IL-18, an IL-18 variant, or a fragment of the IL-18 varnant.

The method of claim 6, wherein the subject has or is suspected to have a fibrotic tissue environment.

The method of any one of claims 1-7, wherein the fusion protein further comprises a targeting polypeptide.
The method of claim 8, wherein the targeting polypeptide targets a protein on a cell surface, wherein the cell
surface also has an IL-18 RC or the cell is capable of expressing the IL-18 RC.

The method of claim 8, wherein the targeting polypeptide targets a protein on a cell surface that does not have
an 1L-18 RC or the cell is not capable of expressing the IL-18 RC.

The method of any one of claims 1-10, wherein the fusion protein binds to a cell having an IL-18 RC or
capable of expressing the IL-18 RC upon activation of the cell, and activates the IL-18 RC signal.

The method of claim 8, wherein the targeting polypeptide comprises a tumor associated antigen binding
domain.

The method of any one of claims 1-12, wherein the fusion protein further comprises an antibody or antibody
fragment, and the fusion protein binds to a tumor cell, or to an immune cell or stromal cell in a tumor tissue,
or to a tumor draining lymph node, or other secondary lymphoid organ.

The method of claim 13, wherein antibody fragment is an Fc fragment.

The method of any one of claims 1-14, wherein the fusion protein further comprises a masking domain.

The method of any one of claims 1-15, wherein a mature IL-18 or mature IL-18 variant is released from a
masking domain by a protease.

The method of claim 16, wherein the protease is granzyme or a metalloprotease.

The method of claim 17, wherein the granzyme is released from an immune cell.

The method of claim 18, wherein the immune cell is an NK cell, a T cell, a neutrophil, or a mast cell.

The method of any onc of claims 13-19, wherein the antibody or antibody fragment recruits the immunc cell
to the tumor cell.

The method of claim 17, wherein the metalloprotease is expressed in a tumor microenvironment or tumor

draining lymph node.
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The method of any one of claims 1-21, wherein the fusion protein further comprises half-life extending
molecule.
The method of claim 22, wherein the half-life extending molecule is a half-life extending polypeptide.
The method of claim 23, wherein the half-life extending polypeptide is a human serum albumin (HSA) or an
HSA-binding fragment.
The method of any one of claims 1-24, wherein the fusion protein has reduced activity as compared to wild-
type IL-18 when not bound to a cell having the IL-18 RC.
The method of claim 23, wherein the reduced activity is at least a 75% reduction in activity as compared to
wild-type IL-18.
The method of any one of claims 16-26, wherein the mature IL-18 increases the activity of NK cells or T cells,
and optionally the activity being one or more of proliferation, survival, and cytotoxicity.
The method of any one of claims 1-27, further comprising administering an immunotherapeutic agent.
The method of claim 28, wherein the immunotherapeutic agent comprises an immune check point inhibitor.
The method of any one of claims 1-29, wherein the fusion protein, the IL-18, the fragment of IL-18, the IL-
18 variant, or the fragment of the IL-18 variant is fused to the N-terminus of a knob of a knob-into-hole
heterodimeric IgG1 protein with or without a propeptide (PP) or a PP variant.
The method of any one of claims 1-29, wherein the fusion protein, the IL-18, the fragment of TL-18, the IL-
18 variant, or the fragment of the IL-18 variant is fused to the C-terminus of a knob of a knob-into-hole
heterodimeric IgG1 protein with or without a propeptide (PP) or a PP variant.
The method of any one of claims 1-29, wherein the fusion protein, the IL-18, a fragment of IL-18, an IL-18
variant, or a fragment of the IL-18 variant further comprises its propeptide (PP) or a PP variant.
The method of any one of claims 30-32, wherein the 1L-18 propeptide variant comprises a polypeptide having
AAEPVEDNX,INFVAMKFIDNTLYFIAEDDEN (SEQ ID NO:238), wherein X is any amino acid except
cysteine.
The method of claim 33, wherein X is alanine, valine, isoleucine, leucin, methionine, phenylalanine, tyrosine
or tryptophan.
The method of claim 33, wherein X is valine.
The method of claim 33, wherein X; is serine, threonine, asparagine, or glutamine.
The method of claim 33, wherein X is serine.
The method of any one of claims 31-37, wherein the fusion protein does not comprise a polypeptide consisting
of the scquence Xi-X32-X3-Xa between the propeptide or propeptide variant, and the mature IL-18 or maturc
1L-18 variant, wherein

X 1s L or absent,

X, 1s E or absent,

X is S or absent, and
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X4 1s D or absent.
The method of claim 38, wherein the PP or the PP variant is on the N-terminus end relative to the IL-18, the
fragment of I1L-18, the IL-18 variant, or the fragment of the [L-18 variant.
The method of any one of claims 31-39, wherein the propeptide or propeptide variant serves as a masking
domain.
The method of any one of claims 1-40, wherein the fusion protein further comprises one or more cleavage
sites and the fusion protein is cleaved at the one or more cleavage sites by one or more proteases.
The method of claim 41, wherein the one or more cleavage sites is

between the IL-18, a fragment of IL-18, an IL-18 variant, or a fragment of the IL-18 variant and the
first protein capable of translocating into an endoplasmic reticulum (ER) or fragment thereof, or

within the PP, between PP or the PP variant and the IL-18, a fragment of IL-18, an IL-18 variant, or
a fragment of the IL-18 variant, or

within the PP, between the PP or the PP variant and the first protein capable of translocating into an
endoplasmic reticulum (ER) or fragment thereof, or

within the IL-18, a fragment of IL-18, an 1L-18 variant, or a fragment of the IL-18 variant, or within
the PP, or

a combination thereof.
The method of any one of claims 1-42, wherein the fusion protein further comprises a second protein capable
of translocating into the ER or a fragment thereof, wherein the second protein capable of translocating into
the ER is on the C-terminus end relative to the interleukin 18 (IL-18), the fragment of the IL-18, the IL-18
variant, or the fragment of the [L-18 variant.
The method of claim 43. wherein the fusion protein further comprises a cleavage site between the IL-18. a
fragment of TL-18, an IL.-18 variant, or a fragment of the IL.-18 variant and the second protein capable of
translocating into an endoplasmic reticulum (ER) or fragment thereof,
wherein the cleavage site is cleaved by a protease.
The method of any one of claims 1-44, wherein the fusion protein comprises the interleukin 18 (IL-18), the
fragment of the IL-18, the IL-18 variant, or the fragment of the IL-18 variant fused to the C-terminus of the
first protein capable of translocating into the ER .
The method of any one of claims 43-45, wherein the fusion protein comprises the second protein capable of
translocating into the ER or a fragment thereof fused to the C-terminus of the interleukin 18 (IL-18), the
fragment of the IL-18, the IL-18 variant, or the fragment of the IL-18 variant.
The method of any one of claims 1-46, wherein the fusion protein comprises the IL-18 variant having
diminished binding to IL-18 binding protein (IL-18BP), as compared to a wild type (wt) IL-18.
The method of any one of claims 1-46, wherein the fusion protein comprises the IL-18 variant having a
binding affinity to the human IL-18 receptor (IL-18R) within 30-fold of the wild-type IL-18.

206



49

50.

51

52.

WO 2024/229117 PCT/US2024/027248

The method of claim 48, wherein the ratio of binding affinity of the fusion protein comprising the IL-18
variant to IL-18BP : binding affinity of the fusion protein comprising the IL-18 variant to IL-18R is no higher
than 3:1.

The method of any one of claims 1-49, the first protein capable of translocating into the ER or a fragment
thereof of the fusion protein is a globular protein, immunoglobular protein, or a fragment thereof, or is a short
polypeptide or protein engineered with a signal peptide for translocating into the ER, optionally the short
polypeptide or protein being about 2 kDa or no greater than 250 kDa, or optionally, the short polypeptide
being 1, 2, 3, or 4 amino acids, or being a flexible linker of amino acid chain of 5,6, 7, 8,9, 10, 11, 12, 13, 14,
13, 16, 17, 18, 19, 20, 25, 30, or 35 amino acids, optionally the short polypeptide being selected from the
group consisting of T, PT, MPT, S, GS, GGS, GGGS (SEQ ID NO:235), (GGGGX,, (SEQ ID NO:236)),
wherein X; 1s Q, A, E or S and n=1-3, (X,GGGG (SEQ ID NO:317)), wherein X, 1s Q, A, E or S and n=1-3,
(GX,GGG (SEQ ID NO:318)), wherein X, is Q, A, E or S and n=1-5, (GGX,GG (SEQ ID NO:319)), wherein
X,.1sQ, A, Eor Sand n=1-5, (GGGX,G (SEQ ID NO:320)), wherein X;,is Q, A, E or S and n=1-3, (X,GGG)a
wherein X; is Q, A, E or S and n=1-5, (GX,GG), wherein X, 1s Q, A, E or S and n=1-3, (GGX;G), wherein
X,.1s Q, A, E or S and n=1-3, (GGGX), wherein X, is Q, A, E or S and n=1-5, (X,GG), wherein Xy, is Q, A,
E or S and n=1-5, (GX,G),» wherein X, 1s Q. A, E or S and n=1-5, (GGX,)» wherein X; 1s Q. A, E or S and
n=1-5, (X,.G). wherein X, is Q, A, E or S and n=1-5, and (GX). wherein X, is Q. A, E or S and n=1-5.

The method of any one of claims 1-49, wherein the first protein capable of translocating into the ER or a
fragment thereof of the fusion protein is selected from the group consisting of a fragment crystallizable (Fc)
region, human serum albumin (HSA), beta2microglobulin, transferrin, fragment antigen-binding region (Fab
region), VHH antibody, single-chain variable fragment (scFv), anticalin, designed ankyrin repeat protein
(DARPin), a binding domain thereof, and a fragment thereof.

The method of any one of claims 1-49, wherein the first protein capable of translocating into the ER or a
fragment thereof of the fusion protein is a type I transmembrane protein or a fragment thereof.

The method of any one of claims 1-49, wherein the first protein capable of translocating into the ER or a
fragment thereof of the fusion protein is a type II transmembrane protein or a fragment thereof.

The method of any one of claims 46-33, wherein the second protein capable of translocating into the ER or a
fragment thereof of the fusion protein is a globular protein, immunoglobular protein, or a fragment thereof, or
is a short polypeptide or protein engineered with a signal peptide for translocating into the ER. optionally the
short polypeptide or protein being about 2 kDa or no greater than 250 kDa.

The mcthod of any onc of claims 44-53, wherein the sccond protein capablc of translocating into the ER or a
fragment thereof of the fusion protein is selected from the group consisting of a fragment crystallizable (Fc)
region, human serum albumin (HSA), beta2microglobulin, transferrin, fragment antigen-binding region (Fab
region), VHH antibody, single-chain variable fragment (scFv), anticalin, designed ankyrin repeat protein
(DARPin), a binding domain thereof, and a fragment thereof.
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The method of any one of claims 46-53, wherein the second protein capable of translocating into the ER ora
fragment thereof of the fusion protein is a type I transmembrane protein or a fragment thereof.

The method of any one of claims 46-53, wherein the second protein capable of translocating into the ER or a
fragment thereof of the fusion protein is a type Il transmembrane protein or a fragment thereof.

The method of claim 55, wherein the Fe region of the fusion protein is an Fe region from IgA, IgM, IgG, or
IgE.

The method of claim 55, wherein the Fe region of the fusion protein is an Fe region from IgG4, KiH, or IgG1.
The method of claim 55, wherein the Fe region of the fusion protein is an Fe region from Knob-in-hole, HA-
TF, Xmab, ZW1, 7.8.60, Electrostatic Steering, DD-KK, EW-RVT, A107, or Duobody.

The method of any one of claims 1-60, wherein one or more cysteines in the fusion protein is modified.

The method of any one of claims 1-60, wherein one or more cysteines in the fusion protein are replaced with
anatural or non-natural amino acid.

The method of any one of claims 1-60, wherein one or more cysteines in the IL-18, the fragment of IL-18, the
IL-18 variant, or the fragment of the IL-18 variant of the fusion protein are modified or are replaced with a
natural or non-natural amino acid.

The method of any one of claims 30-63, wherein the one or more cysteines in the PP or PP variant of the
fusion protein are modified or are replaced with a natural or non-natural amino acid.

The method of any one of claims 63-64, wherein the natural amino acid is charged, polar uncharged, or
hydrophobic.

The method of any one of claims 63-64, wherein the natural amino acid is each independently selected from
serine and valine.

The method of any one of claims 63-64. wherein the natural amino acid is each independently selected from
threonine, asparagine, and glutamine.

The method of any one of claims 63-64, wherein the natural amino acid is each independently selected from
alanine, isoleucine, leucine methionine, phenylalanine, tyrosine, and tryptophan.

The method of any one of claims 63-64, wherein the natural amino acid the natural amino acid is each
independently selected from phenylalanine, alanine, aspartic acid, and asparagine.

The method of any one of claims 63-64, wherein the natural amino acid is valine.

The method of any one of claims 63-64, wherein the natural amino acid is each independently selected from
threonine, glutamine, aspartic acid, phenylalanine, isoleucine and histidine.

The mcthod of any onc of claims 16-71, wherein the proteasc is sclected from the group consisting of EK,
TEV, Adam17, cathepsin, MMP2, MMPS, MMP14. Granzyme A, Granzyme B, Granzyme M, Granzyme
K. and combinations thereof.

The method of any one of claims 1-72, wherein the fusion protein further comprises a tumor associated antigen

binding domain.
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The method of any one of claims 1-73, wherein the fusion protein further comprises a binding domain for a
protein expressed on immune cells.

The method of any one of claims 1-74, wherein the fusion protein further comprises a binding domain for a
protein expressed on immune cells that express IL-18 receptor complex or on immune cells that upon
activation express the [L-18 receptor complex.

The method of any one of claims 1-75, wherein the fusion protein comprises one or more sequences as set
forth in any one in Tables 1A, 1B, and 4.

A fusion protein comprising a mature IL-18 variant selected from Table 1B; and a short polypeptide.

The fusion protein of claim 78, wherein the IL-18 variant is from FUSE-557, FUSE-626, FUSE-669, FUSE-
670, FUSE- 675, FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE
895, FUSE 952, FUSE-1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109,
FUSE-1110, FUSE-1111, FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, or FUSE-1177.

An IL-18 variant selected from Table 1B corresponding to FUSE-557, FUSE-626, FUSE-669, FUSE-670,
FUSE- 675, FUSE-676, FUSE-682, FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895,
FUSE 952, FUSE-1015, FUSE-1016, FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109,
FUSE-1110, FUSE-1111, FUSE-1112, FUSE-1113, FUSE 1116, FUSE-1176, and FUSE-1177.

A fusion protein comprising an IL-18 variant of claim 79, wherein the fusion protein is selected from the
group consisting of FUSE-557, FUSE-626, FUSE-669, FUSE-670, FUSE- 675, FUSE-676, FUSE-682,
FUSE-683, FUSE-684, FUSE 685, FUSE 832, FUSE 882, FUSE 895, FUSE 952, FUSE-1015, FUSE-1016,
FUSE-1017, FUSE-1041, FUSE-1042, FUSE-1044, FUSE-1109, FUSE-1110. FUSE-1111, FUSE-1112,
FUSE-1113, FUSE 1116, FUSE-1176, and FUSE-1177.
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