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IL-18 FUSION PROTEINS AND METHODS OF PRODUCING IL-18

CROSS-REFERENCE TO RELATED APPLICATIONS
{01} This application tncludes a clam: of priority under 35 U.S.C. §119{c) to U.S. provisional patent
application No. 63/393,476, filed August 3, 2022, and 63/463,305, filed May 2, 2023, the entirety of both are hereby

meorporated by reference.

REVERENCE TO SEQUENCE LISTING
{02} This application contains a Sequence Listing submitted as a computer readable form named
“096034 00000ZWOPT Sequenceliasting xml™, having a size in byies of 366,973 bvies, and created on August 3,
2023 {(Production Date). The information contained in this computer readable form is hereby ncorporated by

reterence i its entiety.

FIELD OF INVENTION
{03} This invention relates to new compositions allowing for enhanced production {including
expression, secretion, and purtfication} of recombmnantly produced U~18 cytokine, for exanple v maromalian
cells, for masking and de-masking of the bological activity of IL~18, and/or for mproved bnding specificity of
produced IL-18 to its receptor over its binding protein, while at least maintaining the binding affinity to s receptor,

as well as methods for preparing the compositions.

BACKGROUND

{84} Members of the mterlenkin (IL)-1 cyickine family have established roles in host~defense
responses and in inflammatory responses that contribute to disease. IL-18 belongs to the IL-1 superfamily, and is
a promflammatory oytokine that factitates type 1 bmunity responses. 1L-18, also konown as interferon-gamma
mducing factor, is encoded in humans by the 77-/8 gene. 1L~18 gene, simtlar fo other TL-1 fanily members, lacks
a signal peptide. The [7-18 gene encodes for a 193 amino acid precursor protein, first synthesized as an inactive 2
kDa precursor with no signal peptide, which is ¢ytosolic and acawmdates in cell cytoplasm. WQ 97/24441
discloses a 193 anuno acid protem corresponding to 1L-18 precursor and encoding DNA. The IL-18 precursor (also
referred to as Pro-~fL- 18} is processed intraceliularly (e.g., by caspase 1 {(CASP1), chymase, and proteinase B) mio
its mature biologically active molecule of 18 kDa (157 amino acids; 1.e, araino acid residues 37-193 of Uniprot ID
(2141 16). That is, upon cleavage, the propeptide breaks away from the rest of the precursor, resulting m matare [L-
18 and the propeptide which formerly inactivated the precursor [L-18.

05} Without wishing o be bound by a particular theory, the mature form of 1L-18 is scereted and

released nto the extracellular mibien via at least three unconventional pathwways. This 1s as opposed fo signal
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peptide~-dependent and ER-Golg trafficking-mediated conventional secretion. The unconventional pathways listed
below are it no particular order of frequency. The first is called secretory avtophagy, a process mvolved i the
secretion of cytosolic protems without a signal peptide (leaderless cargoes). Here, 1L-18 miteracts with cargo
receptor transmembrane emp24 domain-containing protein 10 (TMEDI0), and the intoraction mediates the
translocation from the cytoplasm into the endoplasmic reticulum (ER)-Golgl intermediate compartment (ERGIT),
a compartment contributing membranes to the forming autophagosone, which acts as a mechamism for secretory
cargo eniry into the vesicle, thereby secretion. The second and third reported mechanisms of release of 1L-18 from
cells include rupture of dead cells that have undergone apoptosts and/or gasdermin D—dependent plasma nmembrane
permeabilization (see Tapia et al, AAMUNOLOGY, volume 294, issue 21, p8325-8335, 2019},

{06] Mature IL-18 binds the ligand receptor IL-18 receptor alpha (IL-18Re), inducing the recruitment
of IL-18RP (also called 1.-18 receptor accessory protein (JL-18RAP) to form a high affinity complex
{approxunately I8 nM, see Torigoe et al . Membranes and Bioenergerics, vol. 272, issue 41, pp25737-25742,
1997}, which signals through the toll/mterlenkin-1 receptor (TIR} domain. This signaling domam reeruits MyD83
adaptor protein that activates proinflammatory programs and NF4B pathway. The activity of [L-18 can be
suppressed by extracellelar interlenkin 18 binding protein (1L-18BP) that binds sotuble IL-18 with a higher affinity
{approximately 0.4 pM, see Kin et al., Proc Nad Acad Sci USA. 2000:97(3).1190-1195) than IL-18Ra thus
prevents IL-18 binding to TL-18 receptor.

197} Therefore, 1t is an objective of the present invention to provide compositions of matter that allow
for improved production (including expression, secretion, and punification) of recombinantly produced IL-18.
{08} I is another objective of the present invention o provide compositions of matter that allow for
enbanced production of recombinantly produced 11.-18, including modified H.-18 or a fragment thereof, which
maintains a similar binding affimty to [L-18Ra/b compared to natural [L-18, and has a reduced binding affimity io
iL-18BP compared o natoral IL~18 {i.e. binding to both at ~18 nM); or more preferably, the binding affimity to 1L~
18BP is weaker than that to IL-18Ra/b (i.¢. binding to 1L~18BP <18 oM, binding to IL-18Ra/b ~18 nM), for the

produced TL-18 {or its fragment}; as well as methods for preparing these compositions.

{09} 1t is another objective of the present mvention o provide variants of H~18 (or its fragment).
{619} it is another objective of the present mvention to provide compositions allowing for masked

activity in nomal tissues and the circulation and specific release of HL.-18 (or its fragment} by proteases in a tumor
microenvironment.

{811} All publications herem are mcorporated by reference to the sane extent as if each mdividual
publication or patent application was spectiically and individually indicated to be mcorporated by reference. The
following description inchides mformation that may be useful in understanding the present vention. His not an
admission that any of the information provided herein is prior art or relevant to the presently claimed vention, or

that any pubhcation specifically or imphieitly referenced 1s prior art.
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SUMMARY OF THE INVENTION
[012] The followme cmbodiments and aspeets thercot are deseribed and Hlustrated in conjunction with
composttions and methods which are meant 1o be exemplary and llustrative, not limiting 1 scope.
{813} Various embodiments provide for a fusion protein, compnsing: a first polypeptide or protemn
capable of translocating 1nto an endoplasimic reticulam (ER) or a fragment thereof, and an interdeckin 18 (IL-18},
atragment of 1L-18, an HL-18 variant, or a fragment of the 1L-18 vartant, wherein the H.-18, the fragment of IL-18,
the 1L-18 vanant, or the fragment of the 1L.-18 vanant is on the C-tenuiws end of the fusion protein relative to the
first polypeptide or protem capable of translocating mto the ER.
{014} In various embodiments, the L-18 variant can have an amino acid sequence compnsing amine
acid positions 37-193 of SEQ 1D NO:250 with one to five amino acid substitutions at positions E42, M87, K&9,
M96, and M149 of SEQ ID NO:250,
{815} In various cmbodimoents, the IL-18 varant can have an amino acid sequence comprising positions
37-193 of SEQ ID NO:251 with one to five amino acid substitutions at positions E42, M87, K89, M96, and M149
of SEQ 1D NO:251
{016} in various embodiments, the 1L.-18 variant can have an anuno acid sequence comprising positions
37-193 of SEQ ID NO:251 with one or more anuno acid substitutions at positions C74, C104, C112, and Cl64
and one to five amino acid substitutions at positions E42, ME7, K82, M96, and M149, of SEQ ID NO:251
{017} In various embodiments, the amino acid substitutions at ong or more of €74, C104, C112, and
€164 can be each wdependently to valive, alanive or serine.
{318} In various embodiments, the one to five amino acid substitutions can be one or more of: E42K,
E42R, E42A EAZH, or E4A2Q}; METK, or M8TH: K89G, K8YA, or KBIE; MO6L, or MO6L; or M149V or M149L
[019] In various embodiments, the one to five amino acid substitutions can be E4ZK, EAZR. E42A,
F42H, or B420; M8TE, or MBTH, K89G, K&9A, or K8IE; MO6L, or MO6L; and M149V or M149L
{629} n various embodiments, the IL-18, a fragment of 1L~18, an IL-18 vanant, or a fragment of the
1L-18 vanant further comprises its propeptide (PP} or a PP variant.
{021} In vartous embodiments, the H-18 propeptide variant compuses a polypeptide having
AAEPVEDNX INFVAMKFIDNTLYFIAEDDEN (SEQ 1D NO:238), wherein X can be any amino acid except
cvsteine |
{022} I various embodiments, X; can be alaning, valine, isoleucine, leucin, methionine, phenylalanine,
tyrosine or tryptophan (SEQ ID NO:239). In vartous embodiments, X; can be valine (SEQ ID NO:78). In various
embodiments, X; can be serine, threonne, asparagine, or glatamine (SEQ 1D NO:240). In vadous embodiments,

Xy can be serine (SEQ TDNG.76).
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{623} n various embodiments, the fusion protein does not comprise a polypeptide consisting of the
sequence X-X-X3-X4 between the propeptide or propeptide variant, and the mabure IL-18 or maiure [1-18 variant,
whercin X is L or abscnt, X, is E or absent, X515 S or absent, and X4 is D orabsent, and when X, Xo, X5, and X5
are present, the polypeptide consisiing of the seguence X1-Xo-%G6-X4 18 LESD (SEQ 1D NOG253).

{8241 In various embodiments, the PP or the PP vartant can be on the N-terminus end relative to the 1L~

18, the fragment of L-18, the IL-18 variant, or the fragment of the [L-18 variant.

[025] In various embodiments, the PP or the PP vanant serves as a masking domain.
{026} In various embodiments, the fusion protein further comprises one or more protease cleavage sites.
{627} In various embodiments, the one or more protease cleavage sifes can be between the IL-18, a

fragment of IL~18, an IL-18 vanant, or a fragment of the IL-18 variant and the first protein capable of translocating
mto an endoplasmic reticulurn (ER) or fragment thereof, or within the PP, between PP or the PP vanant and the
1L-18, a fragment of HL-18, an H.~12 vanant, or a fragment of the HL.-18 variant, or within the PP, between the PP
or the PP vaniant and the first protemn capable of translocating mto an endoplasnue reticuhun (ER) or fragment
thereof, or within the [L~18, a fragment of TL-18, an IL~18 variant, or a fragment of the 1L-18 variant, or within the
PP, or a combination thereof.

{028} In various embodiments, the fusion protem further comprises a second protein capable of
translocating into the ER or a fragment thereof, wherein the second protemn capable of translocating into the ER can
be on the Cerminus end relative o the interlevkin 18 (IL-18}, the fragment of the 11-18, the IL-18 variant, or the
fragment of the HL.-18 variant.

{329] In various crbodiments, the fusion protein further comprises a protease cleavage site between
the TL~18, a fragment of IL~18, an [L-18 vanant, or a fragment of the IL-18 varant and the second proten capable
of translocating into an endoplasie reticulam (ER) or fragment thereof.

{030} In various embodiments, the interioukin 18 (IL-18), the fiagment of' the [1.-18, the [L-18 vanant,
or the fragment of the 1L~18 variant can be fused to the Cerminus of the furst protein capable oftranslocating into
the ER.

{031} In various embodiments, the second protein capable of translocating into the ER or a fragment
thereof can be fused to the C-termuinus of the interleukin 18 (1L-18), the fragment of the 1L-18, the 1L-18 variant,
or the fragment of the HL-18 vanant.

{632} In various embodiments, the TL-18 variant can have diminished binding to TL-18 binding protein
{IL-18BP}, as compared to a wild tvpe (wi} H.-18. In vanous embodiments, the I-18 vanant having 2 binding
affinity to the human I -18 receptor (IL-18R} within 30-fold of the wild-type IL-18. In varicus embodiments, the
ratio of binding affinity of the fusion protein comprising the IL-1% variant to IL-18BP : binding affinity of the fusion

proten comprising the IL-18 vanant to IL-18R can be no higherthan 3:1.
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{633} In various embodiments, the first protein capable of translocating into the ER or a fragment
thereof can be a globular protein, immunoglobular protein, or a fragment thereof, or can be a short polypeptide or
protem cngincored with a signal peptide for translocating bnto the ER. optionaily the short polypeptide or protein
bemg about 2kDa or no greater than 256 kDa.

{834} in varions embodiments, the first protemn capable of translocating inte the ER or a fragment
thereof can be selected from the group consisting of a fragment crystallizable (Fc) region, human senum albumin
{HSA}, betaZmicroglobulin, transfetrin, fragment antigen-binding region (Fab region), VHH antibody, single-
chain varizble fragment {scFv), anticalin, designed ankytin repeat protemn {DARPm), a binding domain thereof,
and a fragment thereof.

{035} In various embodiments, the first protein capable of translocating into the ER or a fragment
thereof of the fusion protein can be atype I transmembrane protein or a fragment thereof or a type I transmembrane
proten or a fragroent thereof,

{038} In various embodiments, the second protem capable of translocating mio the ER or a fragment
thereof can be a globular protein, immumoglobular protein, or a fragment thereof], or can be a short polypeptide or
protein engineered with a signal peptide for translocating it the ER, optionally the short polypeptide or protein
being about 2kDa or no greater than 250 kDa.

{637} In various embodiments, the second protem capable of translocating mio the ER or a fragment
thereof can be selected from the group consisting of a fragment crystallizable (Fe) region, human serum albumin
{HSA}, beta?microglobulin, transferrin, fragment antigen-binding region (Fab region), VHH antibody, single-
chain varigble fragment {sctv), anticalin, designed ankyrin repeat protein {DARPm), a binding domain thereof,
and a tragment 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 type Lransmembrane protein or a fragment thereof, ora type I transmembrane
protemn or a fragment thereof,

{039} In various embodiments, the Fe region can be an Fe region from IgA, IgM, 1gG, or IzE. In various
cmbodiments, the Fo region can be an Fe region from IgGd, KiH, or IgG1. In various embodiments, the Fe region
can be an Fe region from Knob-n-hole, HA-TF, Xmab, ZW1, 7.8.60, Electrostatic Steering, DD-KK, EW-RVT,
A107, or Duobody.

[040] In various erobodumnents, one or more cystemes m the fusion protem can be modified. In vaoous
embodiments, one or more cystenes in the fusion protein can be replaced with a natural or non-natural anuno acid.
{041} In varioes embodiments, one or more cysteines in the IL-1&, the fragment of 11.-18, the IL-18
variant, or the fragment ofthe L~18 variant of the fusion protein can be modified or can be replaced with a natural

or non-natural amino acd.
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{642} n various embodiments, the one or more cysteines in the PP or PP vanant of the fusion protein
can be modified or can be replaced with a natural or non-natural amino acid.

{043] in varicus embodiments, the natural amino acid can be charged, polaruncharged, or hydrophobic.
In various embodinents, the natwral amino acid can be cach independently selected from serine and valine, In
various embodiments, the natural ammo acid can be each mdependently selected from threonine, asparagine, and
glutamine.

1044} In various embodiments, the nateral amino actd can be cach independently selected from alanine,
1soleucine, feucine methionine, phenyvialanine, tyrosine, and tryptophan. In vanous craboduments, the natural amino
acid the natural amino acid can be each independently selected from phenyvlalanine, alanine, aspartic acid, and
asparagine. In varicus embodiments, the natural aming acid can be valine. In various embodiments, the natural
amino acid can be cach mdependently sclected from threonine, glutamine. aspartic acid, phenylalanine, isoleucing
and histidine.

{045] In various cmbodiments, the protease can be sclected from the group consisting of EK, TEV,
Adaml7, cathepsin, MMP2, MMPO, MMP14, Granzyme A, Granzyme B, Granzyme M, Granzyme K, and
combinations thereof.

{046} in various embodiments, the fusion protein can have one or more sequences as set forth in any
one in Tables 1 and 4.

{047} In various cmbodiments, the fusion protem can have polypeptide 1 and polvpeptide 2, and
optionally polypeptide 3 selected from Table 1. In various embodiments, the fusion protein can have polypeptide
| and polypeptide 2, and optionally polypeptide 3 selected from Table |, wherem polypeptide 1 and polypeptide 2,
and optionally polvpeptide 3 can be selected from the same row of Table 1. In various embodiments, the fusion
protein can have polypeptide | selected from Table 1, wheremn polypeptide 1 comprises HSA.

048] In various embodiments, the IL-18 variant can have an amino acid sequence selected from Mature
1L-18 columan w Table 1.

{349} In various embodiments, the 11-18 variant can have an annno acid sequence selected from Mature
TL-18 columm in Table 1, and the propeptide can have an amino acid sequence selected from Propeptide column
Table 1, optionally the same fron the same row.

{059} Vatious cmbodiments provide for an IL-18 propeptide vagant comprising a polypeptide having
AAEPVEDNX INFVAMEFIDNTLYFIAEDDEN, wherein X can be any amino acid except cysteine (SEQ D
WN(238).

{051} In various embodiments, X; can be alanine, valine, iscleucine, leucin, methionine, phenylalanine,

tyrosine or teyptophan (SEQ 1D NO:239). 1o vartous emboduments, Xs can be valine (SEQ ID NO:78). In various
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embodiments, X can be serine, threonine, asparagme, or glatamine (SEQ TD NG:240). I vanous embodiments,
X can be serine (SEQ ID NO763.

[052] Various cmbodiments provide for a polynucleotide cncoding any onc of the fusion protein of the
mvention described herem. fo vanous embodiments, the first protern capable of ranslocating mto the ER can be
encoded by a polynucleotide having one or more sequences as set forth in Table 2. In various embodiments, the
polvnuclestide can have one or more sequences from the same row as set forth m Table 2.

{053} Various embodiments provide for an expression vector comprising any one of the
polynucleotides of the wvention described berein.

{034} Various embodiments provide for a cell transfected with any one of the expression vector of the
mvention described herein. In various embodiments, the cell can be 3 mammatian cell. In various embodiments,
the cell can be a bactenial cell.

[0655] Various embodiments provide for amethod of producing a fusion protein, comprising: culturing
a ool transfocted with any one of the exprossion vectors of the invention as described herein, 1n ol culture medium
to allow the fusion protein to be secreted into the cell culture medium.

{056} in vadous embodiments, the method further comprises isclating the fusion protein from the
culture medivnm. In various embodiments, the method firther comprises purifying the fusion protein. In varous
embodiments, the fusion protein can be produced at greater than 135 mg/L under transient transfection w CHO
cells or HEK-293 eslls.

{057} Various embodiments provide for a method of producing interleukin 18 (IL-18), a fragment
thereof, an TL~18 variant, or a fragment of the TL.-18 vanant, comprising: culturing a cell transfected with any one
of the expression vectors of the mvention as described herein, i cell cultire medium to allow a fusion protein to
be produced and secreted into the extracellular space; and contacting a protease to the fusion protein to cleave the
fusion protein to produce the IL-18, the fragment thereof] the HL-1% vanant, or the fragment of the 1L-18 variant.
{058} In vadous emboediments, the method furtber comprises isolating the fusion protetn from the
culture medinm. In various embodiments, the method fiurther comprises purifving the fusion protein. In various
embodiments, contacting the protease to the fusion protein comprises mclading the protease i the cell culture
medium.

059} In various cmbodiments, the protcase can be sclected from the group consisting of EK, TEV,
Adam17, cathepsin, MMP2, MMPD, MMP4, Granzyome A, Granzyroe B, Granzyme M, and corsbinations
thereof.

{060} In various embodiments, the IL-18, the fragment thereof, the TL-18 variant, or the fragment of the

1L.-18 variant can be produced at greater than 135mg/L.
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{861} Other featares 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 cmbodiments of the invention.

BRIEF DESCRIPTION OF THE FIGURES
{062} Exemplary embodiments are iHusteated in referenced figures. It 18 intended that the embodiments
and figures disclosed herein are to be considered illusteative rather than restrictive.
{063} Figure 1 (pavels A-0) depicts exemplary fusion proteins in which the N-termious of pro-{l~-18 15
fused to the C-erminus of the knob of a knob-nto-hole heterodimeric IgG1 protet; which has a structure from N-
to C-terminus comprising knobs-in-hole (KiH) Fe - propeptide {pp) —~ enterckinase-cleavable site (EK) -~ IL-18
wild type or its variants. This depicts exemplary fusion proteins such as tDs: FUSE-480, FUSE-481, and FUSE-
442 m Table 1. Further modification was made to pro-1L-~18 to reduce aggregation of the molecule, wherein cach
cysteme residue n both the pro-peptide and mature TL-18 was replaced with serine {as in FUSE-480, denoted as
“IL-18AS™), with alanine {as in FUSE-481, denoted as “HL-18AA™), or with valine {(as in FUSE-442, denoted as
“TL-18AV™). Alternatively, the N-temminus of pro-1L-18 can be fused to the C-terminus of the hole chain of a Kid
heterodimence IgGl proteios. The biological activity defied as the EC30-SEAP for each compound 1s shown in
pancl E.
064} Figure 2 (panels A-E) depicts exemplary fuston proteins in wiich the N-terminal of pro IE-18
was fused to the C-terminal of an 1gG1 CH3 domain (which is also a knob chain of a knob-mto-hole heterodimeric
1eG 1 protein as in Figuse 1), and the pro TL.-18 incorporated four amino acid substitutions hypothesized to reduce
binding to H.-18BP while mamtaining wild type binding to the 1L~18 receptor complex, denoted as “pro-1l-
18muut2”. These fusion protems have a structure from N- fo C-erminus comprising knobs-in-hole (KiH) Fo —
propeptide (PP} - enterokmase-cleavable site (EK) — IL-18mut2. Further modification was made to the pro-IL~
18mut? to reduce aggregation of the molecule, wherein each cysteine residue in both the pro-peptide and matore
TL-18mut? was substituted with serine {denoted as “TL-18muwt2AS”, as in FUSE-422; pancl B), with alanne
{denoted as “TL-18mui2AA”, asin FUSE-423; panel C), or with valine (denoted as “TL-18mut2AV™, as in FUSE-
424; panel D). The biological activity defined as the EC30-SEAP for each compound is shown in panel E.
{365} Figure 3 (panels A-D) depicts exemplary fusion proteins with {panel A} or without {panel B) the
propeptide to examune the mpact on masking of “HL~-18AV” biological activity (panet ), wherein Fe fusion
vanants were gencrated incorporating “TL-18AV” with the propeptide {pancl A; FUSE-442) or without (pancl B;
FUSE-303} the propeptide. The biological activity defined as the EC50-SEAP for each compound is shown in
panel .
{366} Figure 4 (panels A-D) depicts exemplary fusion proteins with {panel A} or without {panel B) the

propeptide to exanune the wnpact of propeptide on masking of “TL-18mut2AV™ hiological activity, wherein Fe
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fusion variants were generated ncorporating “IL-18mutZAV” without the propeptide (hence, a matare 1L~18 with
mutation, denoted as “matll -18mut2-AV”, see panel 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 o
a position directly i between the CH3 domam of the knob and the mature W-18AV without the addiion 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 (Fe-EK-IL-18AV) or FUSE-424 (Fo-EKpp-IL-18AV) with or withouwt
treatment with EK. The biological activity defined as the EC30-SEAP for cach compound is shown in panel D
1067} Figure 3 (pavels A-1) depicts exemplary fusion proteins i which the N-terminus of pro-H.-18 15
fused to the CHorminus of IgG1 Fe protein or IgG4 Fe; which has a structure from N-to CHerminus comprising
IgG1 Fo- propeptide (pp) - L~-18AV (FUSE-507; panel A} and Ig(G4 Fe- propeptide (PP} - IL-18AV (FUSE-309,
panel B). Panel € depicts the activation readout using the HEK-Blue IL-18AV reporter cell assay of exposing the
cells o a titration of FUSE-507 or FUSE-509 with or without treatment with EK. The biological activity defined
as the EC30-SEAP for each compound is shown in panel D

{668} Figure 6 (panels A-E} depicts exemplary fusion proteins in which the N-terminos of pro-tL-18 i3
fused to the C-tonminus of HSA with or without the propeptide (pp): which has a structare from N-to Cemminus
comprising HSA- propeptide (PP} - IL-18AV (FUSE-301; pancl A) and HSA- IL-18AV (FUSE-303; pancl B).
Panels C and D depict the activation readout. The biological activity defined as the ECS0-SEAP tor cach compound
1s shown in panel E.

{669} Figure 7 {panels A-E) depicts exemplary fusion proteing in which the N-terminus of pro-IL-
18mut2 is fused to the Cemminus of HSA with or without the propeptide (PP); which has a structure from N-to
C-terminus comprising HSA- propeptide (PP) ~ IL- 182 AV (FUSE-302; pancl A) and HSA- IL~-18mut?AY
{FUSE-304; panel B). Pancls € and D depict the activation readout. The biological activity defined as the EC30-
SEAP for each compound is shown inpanel E.

{0670} Figure 8 (panels A-D) depicts exemplary fusion proteing in which the C-erminus of pro-IL-18 is
fused to the N-terminus of the knob of a knoh-into-hole heterodimernic IgG 1 protein with or without the propeptide
(PP); which has a structure from N- to C-terminus coraprising propeptide (PP) - IL-18AV - knobs-in-hole (KaH)
Fo (FUSE-499; panel A) and IL~18AV - knobs-in-hole (KiH) Fo (FUSE-300; panel B). Panel € depicts the
activation readout. The biological activity defined as the EC30-SEAP with or without exposure to Caspase | for
cach compound is shown m panel D,

{071} Figurc 9A and 9D depicts exemplary fusion proteins with a structure from N-to C- temunus: Fe-
ppMMP2/9-cleavage sites-IL-18-AV (FUSE-486), Fe-ppMMPS/2-cleavage siies-IL-18-AV (FUSE-487),
which the cleavage sites are specific for the metalioproteases, MMP2 and MMP9, with preferred enzyme to the
left of the forward-slash, or FUSE~485 (Fo-GzoBpp-1L-18AV) and FUSE-462 (Fe-GzaBpp-IL-18mutZAV).
Figure 9B depicts the activation readout relating to FUSE-486 and FUSE-487, with or without MMP?2 treatment.
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The biological activity defined as the EC30-SEAP for cach of FUSE-486 and FUSE~487, with or without MMP2
treatment, 13 shown i figure 9B. FIG. 9C shows that FUSESS7 was about 3,000-fold attenuated relative to
recombinant human HL-12. Interestingly, we observed that cleavage of FUSE3S7 with MMP2 released and L~
18AYV varant that was still about 100-fold attenuated relative to recombmant 1L~18. In contrast, cleavage with
Granzymoe B released an HL-18AV varant with activity similar activity as recombinant 1L-18. Cleavage with
Granzyme B results in release of mature IL-18AV without any N-terminal residaes constituting an overhang,
whercas 11 and 15 amino acid N-terminal polypeptide overhangs remain after cleavage of FUSE486 and
FUSESR7, respectively, with MMP2. We speculated that these overhangs might be attenuating TL-18AV activity,
albett to a lesser degree than the full size variant propeptide. This phenomenon was further investigated i FIG. 11
and FIG. 13. Figures 5D and 9G also depicts exemplary fusion protemns with a structare from N- to C- tenminus:
Fe-ppGh-cleavage sites-1L-18-AV (FUSE-483; 9D) or Fe-ppGhb-cleavage sitos-fL-18mu2-AY (FUSE-462; o1y
or Fab-Cetuximab-Fe-ppGh-cleavage sites-1L-18-AY (FUSE-517; 9G), in which the cleavage site s specific for
granzyme B (Gb). Figure 9E depicts the activation readout relating to FUSE-462 and FUSE~483, with or without
granzyme B treatment. Figure SF shows the biological activity defined as the EC50-SEAP for each of FUSE-462
and FUSE-485, with or without granzyme B treatment. Figure 9H depicts the activation readout relating to FUSE-
517, with or without enzvme treatment. Figure 91 shows the biological activity defined as the EC50-SEAP for
FUSE-317, with or withouwt granzyme B treatiment.

{072} Figaire 10 (panels A-G) depicts the impact of IL-18BP on the biclogical activity of recombinant
human 1L-18 (thiL-18) and the EK cleavage products of the exemplary fusion protems, Fo-ppEK-IL-18-AV
{FUSE-442) and Fo-ppEK-IL-18mu2 AV (FUSE-424). The biological activity defined asthe EC30-SEAP foreach
compound with and without the addmion of TL-18BP (competition assay)} is shown 1o panels B, D and F, with
corresponding biological activity defined as the EC30-SEAP shown in panels C, E, and G, respectively.

{073} Figure 11 {panel A) depicts diagrams of exemplary fusion proteins in which the C-emninas of
pro-IL-18 is fused to the N-terminus of the knob of a knob-into-hole heteradimeric IsG1 protem with different size
polypeptides fised to the N-terounus of mature 1L-18. Figure 11 {panel B} depicts the biological activity of cach
fusion protein using the H-18 reporter coll hine, HEK-Blue 11-18.

{674} Figure 124, 1281}, 12BGi), 12C, 12D4), 12DG1) and 12E depict haman IL-18 enginecred mutant
fuston proteins n accordance with various embodiments of the mvention.

{875} Figure 13 shows the mapact of the size of polypeptides fused to the N-terminus of mature [L-18
on the bislogical activity of a single IL-18AV fused to the N-terminus of IgG1 Fe.

{076} Figure 14A-14H shows the impact of the substituting the cysieine residue in the pro-peptide and
cysteine residues in the mature 112, which were fused together to form the pro-IL-18 variant cassetie, on the

hiological activity of cach variant using the HEK Blue .18 assay svster.
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{877} Figure 15A~15B shows the impact of targeting pro-IL18 o within close proximity of its receptor

complex (1.e., “cis activity).

DESCRIPTION OF THE INVENTION
{078} All references cited herein are incorporated by reference i their entirety as though fully set forth.
Unless defined otherwise, technical and scientific terms used herem have the same meaning as commonly
understood by one of ordinary skill in the art to which this inveotion belongs. Singleton ef al, Dictionary of
Microbiology and Molecular Biology 3¢ ed | Revised, §. Wikey & Sons (New Yark, NY 2006}, March, Advarced
Organic Chemistry Reactions, Mechanisms and Sructure 7" ed | 3. 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 1o many of the terms used n
the present apphication. For references on bow to prepare antibodies, see D Lane, Antibodics: A Laborartory Marnual
2% ed {Cold Spring Harbor Press, Cold Spring Harbor NY, 2013); Kohler and Milstein, (1976) Fur. 1. Tomumol,
6: 511; Queen et al. U. S. Patent No. 3,385,089, and Riechmann et al, Nature 332: 323 (1988); UK. Pat. No.
4.946,778; Bird, Scignce 242:423-42 (1988); Huston ez al, Proc. Natl. Acad. Sci. USA 85:5879-5883 (1988, Ward
ef of., Nature 334:544-34 (1989}, Tombinson 1. and Holliger P. (2000} Methods Enzvinol, 326, 461-479; Holliger
P.(2005) Nat. Biotechnol. Sep:23(9):1126-36).
{079] One skilled in the art will recognize many methods and materials similar or equivalent fo those
described heren, which could be ased in the practice of the present invention. Indeed, the present invention 1s
1o way limited to the methods and materials described. For purposes of the present mvention, the following teoms
are defined below.
{089} As used heremn the term “abowt” or “approsamately” when used in connection with a referenced
numeric indication means the referenced nameric indication phis or minus up to 3% of that referenced numeric
mdication, unless otherwise specitically provided for herein. For example, the language “about 509%™ covers the
range of 43% to 35%. In various embodiments, the term “about” when used In connection with a referenced
numeric ndication can mean the referenced numeric imdication plus or minus up 10 4%, 3%, 2%, 1%, 0.5%, or
0.25% of that referenced numeric indication, i specifically provided for in the claims.
{081} As used herein the temm “immunoglobulin heavy chain constant regton” is used interchangeably
with the teom “Fe region” and 1s understood to mean the carboxyl-terminal portion of an inununoglobulin heavy
chain constant region, or an analog or portion thereof capable of binding an Fe reecptor. Each immunoglobulin
heavy chain constant region comprises four or five domains. The domains are namned sequentially as follows: CH1-
hinge-CH2-CH3(-CH4). CH4 is present in IgM, which has no hinge region. The mmmunoglobulin beavy chain

constant region suitable for the invention preferably comprises an imownoglobulin hinge region, and preferably
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also includes a CH3 domam. The immunoglobulin heavy chain constant region most preferably comprises an

mnnunogiobulin hinge region, 3 CH2 domain and 2 CH3 domain.

{082} As used herein, the torm manwnoglobulin “hinge rogion™ is understood to mean an cntirg
pomwnoglobulin hinge region or at least a portion of the memusoglobulin hinge region sufficient to form one or

more disulfide bonds with a second immunoglobulin hinge region.

{083} Asused herein, the term “vector” 1 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 binear nucleie acids, plasouds,
phagenuds, cosmids, RNA vectors, viral vectors and the hike. Non-limiting exanples of a viral vector include a
retrovirus, an adenovirus and an adenc-associated virus.

{084} As used herern, the ferm “gene expression” of “expression” of a fuision protein, 1S understood to
mean the transcription of a DMNA sequence, translation of the mRNA transcript, and secretion of a fusion protein
product. In some embodiments, the expression process also inclades or 15 followed by purification; for example,
protein A affinity chromatography or other means such as size exclusion chromatography can be used for
purification.

{85 As used herein, “TL~-18 fusion protein” refers to a fusion protein that includes wild-tvpe IL-18 or
1L-18 variants, unless spectfically noted as only inchuding the wild-tvpe IL-18, or only inchuding the 11.-18 variant.
Thus, 1 particular embodiments, the “1L-18 fusion protein” only inclades any one of the IL-18 vanants as described
herein.

{386} The term “linker” with respect to amuno acid linker i a polypeptide can be a short pepiide, such
as a dimer of two amiino acids, atri-mer of three amimo acids, or a peptide selected from the group consisting of T,
PT. MPT, §, GS, GGS, GGG (SEQ ID NO:238), and {GOGHX, SEQID NG 236}, wherein Xy 83 A Eor §
and n=1-5 or an integer larger than 5. Io some embodiments, the amino acid boker has the amino acid sequence of
(GGGGS (SEQ D NO:237)),: where n is an intoger botween | and 5, thereby an amino acid linker of 25 amino
acids or shorter tn length. fu some embodiments, the amino acid linker 15 an HL-18 propeptide ot 1L-18 propeptide
variant. In some embodiments, the amino acid lnker is a fragment of an IL-18 propeptide or IL-18 propeptide

vartant; for example, about 30-36 aminoc acids m length, about 5-10, 11-20, 21-30, or 31-40 amine acids in length.

Fusion proteins

{087} Various embodiments provide one or more fusion proteins, sach comprising ) an IL-18, a
fragment of IL-18, an HL-18 variant, or a fragment of the [L-18 vanant, and (1) a first protein capable of
translocating into an endoplasmic reicubim (ER} including a cytosolic or nuclear protein engiuecred to translocats
mto an endoplasmuc 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 protems. Preferably, the protein capable of translocating mto an
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ER has an amino acid sequence which initiates transport of a prote (¢.g., the TL-18 or its fragment, vanant, or a
fragment of its variant) across the membrane of the endoplasmic reticolum. In various embodiments, the fusion
protein comprises further an anuno acid linker. For example, the anuno acid linker can be between (a) the protein
capable of translocating into an endoplasmic reticulum (ER) and (b} the propeptide (or vartant) or IL-18 {or vanant).
{088} I some embodiments, the one or more fuston proteins do not comaprise an 1L-18 propeptide or
is vartant. An “HL-18 propeptide”, or “propeptide™ or “PP” in this invention, may also be used interchangeably,
which describes an amino acid sequence linked to H.~18 or £1.-18 variant in an 1118 precursor or IL-1% varant
precursor, and which upon removal renders a matare IL-18 or its fragroent, or HL-18 vanant or its fiagnent thereof.
For cxample, an 1L-18 propeptide may bave a scquence of amino acid residues 1-36 of Uniprot 1D Q14116.

{089} In some embodiments, the one or more fusion proteins also include a propeptide (PP) or its
vartant. Examples of propeptide variants are provided herein, including those i Table 1. This can mactivate 1-18
or [L-~18 variant, and so a popeptide directly or indirectly 1s linked to the -1 R or 1L-18 vanant tomns a precursor
1L-18 or precursor IL-18 vanant. Preferably, the PP or its variant 1s on the N-ternunus end relative o JL-18 {or its
fragment, vartant, or a fragment of its vanant} in the fusion proten.

{099} 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 stie may be
posttioned within the PP, between the PP or its variant (f present) and the TL-18 {or its fragment, variant, or a
fragment of s vartant}; or may be positioned between the protein capable of translocating mto an ER and the PP
{if present);, or may be positioned between the protein capable of translocating into an ER and the IL-18 orits
fragmient, varant, or a fragment of s variant, especially in the absence of a PP. In some embodiments, when PP is
presert, the cleavage site 1s positioned within the PP. o further embodiments, the oune or more fusion proteins
melude (1) an IL~18, a fragment of TL-18, an TL~18 vanang, or a fragment of the TL-18 vanant, (1), a propeptide
(PP) or its variant, which mactivates H~18, and a cleavage sife.

{091} Examples of propeptide vanants mclude a polypeptide having
AAFEPVEDNXGINFVAMEFIDNTLYFIAEDDEN, wherein X, is any amine acid except cyvsicine (SEQ 1D
N(:238). In various embodiments, X is alanine, valine, isoleucine, leucin, methionine, phenyialanine, tyrosine or
trypiophan (SEQ 1D NO:2393. In various embodiments, X is valine (SEQ [D NG:78). In various embodiments,
X1 is serine, threonine, asparagine, or ghitanine (SEQ ID NO:240). In various embodiments, X, is serine (SEQ
B3 NO76).

{092} In various cmbodiments, the fusion protein does not comprise a polypeptide consisting of the
sequence Xi-X;-X3-Xg between the () propeptide or propeptide variant, and (1) the mature IL-18 ormatare IE-18
variant, wherein X is £ or absent, X; is E or absent, Xs is S orabsent, and Xy is D or absent, when X:, X, X5, and

Xaare all present the sequence being LESD (SEQ 1D NGI253),
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{693} n various aspects of the fusion proteins, the TE-[8 {or tts fragment, vanant, or fragment of its
vartant} is linked by a polypeptide bond to the first protein capable of transtocating into the ER. The fusion proteins
may have a varicty of configurations. Preforably, the N-terminus of the 118 {or its fragmont, variant, or a fragment
of its variant} is linked by a polypeptide bond directly or fndirectly to the CHerminus of the first protein capable of
translocating inthe ER.

{094} Yet in other embodiments, the Cemminus of the HL-18 {or its fragment, variant, or a fragment of
its varant) is linked by a polypeptide bond directly or indirectly to the N-termvinus of the first protein capable of
translocating i the ER. As a nonlinuting example, the HL-1%-vadant (or IL-18, a fragrent of [L-18, a fragroent of
the TL-18 vanant) is fused to the Nerminus of a knob of a knob-into-hole heterodimene IgG1 protem with or
without a propeptide (pp).

{095} In further embodiments, where the C-terminus of the -8 15 linked to the N-temminus of the first
protein capable of translocating n (or through) the ER, a second protein capable of translocating through the ER is
oftent fused to the N-terminus of the 1L-18 to mediate masking. It 15 contemplated that a fusion protein fimther
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
cviosolic proteu s fused to the N-ternunus of the Ho- 18 to mediate masking, o ofien requires a signal peptide fused
to the N-terounus of the “scaffold”™ to mediate transport to the ER. and, ifthe scaffold is fused to the Cerminus of
1L-18 to serve to stabilize the complex, then asecond protein capable of translocating theough the ER 15 often fused
to the N-erminus of the IE-18 to mediate masking. Hence, in some embodiments, the H-18 {or its fragment,
variant, or a fragment of its varant) is at the C+termminus of the fusion protein; 1 some embodiments, the N-teoninus
ofthe IL-18 {or its tragment, variant, or a fragment of its variant) is on the Cenninus end relative to the first protein
capable of translocating m the ER, and the C-termmus of the L-18 {or its fragment, vanant, or a fragment of s
variant) is on the Neferminus end relative to the second protein capable of translocating in the ER. The “first” or
“sccond” protein capable of translocating m an ER 13 used as a relative reference.

{096} One or more exemplary amino acid sequences of cach component of the fuston protein are shown
m Tables 1 and 4.

{097} 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 mmunoglobulin heavy
chain constant region comprises as inmunoglobulin heavy chain constant region domara selected from the group
consisting of a CH2 domaim, a CH3 domain, and a CH4 domain, or a combination thereof, In some embodiments,
wherein the immunogiobulin heavy chain constant region comprises a CH2 domain and 2 CH3 domain. In some
embodiments, the immunoglobulin heavy chain constant region lacks at least a CHI domain. In some
enbodiments, the tomunoglobulin heavy cham constant region is a uman immwmoglobulin heavy chain constant

region. In some embodiments, the immunoglobulin heavy chain constant region s an immunoglobulin heavy chain
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constant region present in the same species as the 11-18. In other embodiments, the immunoglobulin beavy chain
constant region is an immunoglobalin 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 mununoglobulin vanable domain (V).

098] In vanous embodiments, the IL-18 {or s fragment, variant, or fragment of its varnant} is identical
{in sequence) to that of a human origin, and the immunoglobulin heavy chain constant region comprises a hinge
region, and 8 CHZ domam or a CH3 domain, and more preferably comprises a hinge region and both a CHZ domain
and a CH3 domam. fn vanous embodiments, the IL-18 (o7 its fragoent, vanant, or fragment of its variant) is at
foast 9595, 90%, or 85% wdontical {in sequence) to that of a human origin, but with amino acid substitutions or other
modifications that reduces affinity of the 1L-18 {or its fragment, variant, or fragment of its vanant) for IL-18BP. &
is conternplated that immunoglobulin heavy chain constant regions suitable for the invention may be derived from
wamunoglobuling belonging to any of the five immunoglobulin classes referred to tn the art as IgA (g, Jgh (1),
IgE (gs), IoG (gy), and IgM (Igp). However, mnmunoglobulin heavy chain constant regions from the IgQ class
are preferred. Furthermore, the inmunoglobulin heavy chain constant regrons may be derived from any of the IsG
anttbody subclasses referred to i the art as IgG1l, Ig(2, 16G3, and IgG4. Immunoglobulin heavy chain constant
region domains have cross-homology among the mumunoglobulin classes. For example, the CH2 domain of [gG
is homologous to the CH2 domam of IzA and IgD, and to the CH3 domain of IgM and IgF. Prefered
mmunoglobulin heavy chain constant regions include protein domains comresponding to a CH2 region and a CH3
region of Igls, or functional postions or derivatives thereof. Farther description of immuonoglobulin heavy chain
constant regions s discussed o detaid m U8, Pat No. 5,541,087, and US. Pat. No. 5,726,044, which awe
meorporated by reforence herein.

{099} In multiple erabodiments, the protein/polypeptide to be fused with the 1L-18 (or its fragment,
vartant, or a fragment of its variant) is a dimer of two immunoglobulin heavy cham constant regions/chains,
optionally crogs-linked by a pair of disulfide bonds between cvsteines on adjacent hinge regions. In some
erabodiments, a hinge region may have an upper binge domain, a core hinge domain, and a lower hinge domain.
In some embodiments, an upper portion of the hinge domam may inchude or romove the eysteme that 18 known to
form a disulfide bond with the light chain or a fab, resulting in sequences such as EPKSC (SEQ ID NO:241y or
EPKSS (SEQ 1D NO:242) or EPKSA {(SEQ 1D NG:243). For example, fusion proteins including IgGi-based ER
translocating protein, except FUSE-301, FUSE-303, and FUSE-509, may have removed cysteine from the hinge
region, e g., EPKSS (SEQ ID N(:242) 1n IgG-based ER translocating protein, except for FUSE-307 (FUSE-507
has EPKSA (SEQQ ID NO:243) in the hinge region). A hinge region may also contain a core hinge domain, such as
comprising a sequence CPPCP (SEQ 1D NO:244) or a vanant where the cysteine is replaced. A hinge region may
further melude a Jower hinge domam, such as compusing a sequence APELLGGE (SEQ 1D NO:245) or

APEAAGGP (SEQ 1D NO:246). In another example, FUSE-309 has an IgG4-based ER-translocating protein,
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using a hinge region as depicted m Chau et al., dniibodies 2019, &4), 55, 2019, Whale constructs mcluding
mununoglobulin hinge regions are preferred, as depicted in the drawings, the mvention contemplates that
crosshinking at other posttions may be chosen as desired. Furthermore, in some £ases, two Or more monsmers may
associate non-covalently to produce dimers or multimers. In varnous aspects wheretn the protein/polypeptide 15 a
dimer of two imynunoglobulin heavy chain constant regions/chains, the IL-18 (or its fragment, varant, or a
fragment of its varianty is linked to one, and only one, of the two {or more} immunoglobutin heavy chain constant
regions/chains. In the case of a wild type IgG-Fc that forms a homodimer, in vadous instances, a 1L-18 is placed
on the C-terminus of each monomer of the Fe, thereby having two 118 placed on the C-ienminus of the Fe. In
some mstances, a heterodimer may form {e.g., 10 punification step) when one wild-type Fe fused o ong IL-18 is
mixed with another wildtvpe Fo not fused to IL-18. In other aspects, an H~18 (or its fragment, variant, or a
fragment of its variant} is Hinked each of the two {or more) munoglobulin heavy chain constant regions/chains in
the fusion protem.

[0108] In some embodiments, two arms {or chatns) of imrounoglobulin heavy chain constant regions
{e.g., Fe polypeptides} can be heterodimerized by creating “knobs-in-holes™ (KiH) rustations in the TH3 domain.
This structural feature in the polypeptide arms allows for assembly of two half antibodies (e.g., Fe heterodimer,
and VH-CH and VL-CL domains}. For example, a heteromuitimer (including a heterodimer) may comprise a first
polypeptide and a second polvpeptide each comprising a CH3 domain, wherein the polypeptides meet at an
engineered interface within the CH3 domain, and the first polyvpeptide contains an engimeered 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, and the second polypeptide contatns an engineered cavity {“hole”) m the mterface
with at least one contact residue replaced with an waport residue having a smaller side cham volume than the
original residue. In some embodiments, the engmeered interface of a heteromultimer ncludes at least two
protuberance-into-cavity mutant pairs. Vohumes and accessible surface arcas of each aming acid are descnbead in
AL A Zamayatiin, 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 argintae (R), phenylalanune (F), tyrosine (Y)
and tryptophan (W); and preferably the onginal residue for the formation of the protuberance has a small aide chain
volume, such as alanine, asparagine, aspartic acid, glveine, serine, threonine or valine. As another example, import
resicues for the formation of a cavity can be alanine (A}, serine (8), threonine {1} and valine (V) and preferably
the onginal residuc for the formation of the cavity has a large side chain volume, such as tyrosine, argiune,
phenvialanine or tryptophan. For example, a T366W mutation in CH3 domain for the “knob ™ /protuberance chain,
and a T366S5/L368A/Y40TV mutation in CH3 domain for the “hole™/cavity chain. Additionally, the KiH
configuration may be coupled finther musations to permit 8-S disuifide linkage between the two chains. In various

aspects whersin the protemvpolypeptide is a heterodimer of a the KiH configuration, the 11-18 {or s fragment,
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vartant, or a fragment of s variant) is linked to one, and only one, of the two {or more} immumoglobulin heavy
chain constant regions/chains (.e. knob or hole).

{0191 i some embodiments, the two or more arms {or chains) of immunoglobulin heavy chain constant
regions {(¢.5., Fe polypeptides) can contamn another synunetne-fo-asymmetnic steric complementartyy destgn (0.5,
HA-TF, ZW1), a charge-to-charge swap interaction (DD-KK), a charge-to-steric complementarity swap plus
additional long-range electrostatic misraction {e.g., EW-RVT), or an isotvpe strand swap design {e.g., strand-
exchange enginecred domain (SEED)). or Xmab, 7.8 60, Electrostatic Steering, A 107, or Duobady, so as o form
heterodimers’heteromultimers. Further description of these configurations and exemplary vwtations/restdues are
scen in Frowt Immunol, 2016, 7 394,

[0102] In additional embodiments, suttable proteins capable of wranslocating into the ER or a fragment
thereof of the fusion protein is a globular protetn, mmunoglobular protein, or a fragment thereof. In vanous
embodinents, sustable proteins capable of translocating into the FR or a fragment thercof of the fusion proten 1s a
short polypeptide or protein engineered with a signal peptide for translocating nto the ER. For example, the short
polypeptide or protein being about 2 kDa orno greater than 250 kDa. As additional examples, the short polvpeptide
or protein s about 2-3 kDa, about 6-10kDa, about 11-20 kDa, about 21-30 kDa, about 31-40 kba, about 41-50
kDa, about 51-73 kDa, about 76-100 kDa, about 101-123 kD, about 126-150kDa, about 131-173 kDa, about 176~
200 kDa, about 201-225 kDa, or about 236-250 kiJa.

{0193] In additional embodiments, suttable proteins capable of translocating in an ER can be a globudar
protemn, human serom albumim (HSA), betaZmicroglobuling transfernin, fragment antigen-binding region (Fab
region), VHH antibody, single-chain variable fragment {scFv}. anticalin, designed ankyrin repeat protein
{DARPin), a binding domain thercof, and a fragment thereof. Additional suitable proteins capable of translocating
m an BER can inchde type T transmembrane proteing or a fragment thereof, or type B transmembrane protems or a
fragment thereof.

[0194] In various embodiments, the fusion protein comprising the short polypeptide or protein and the
TL-18 or IL~18 vartant, or fragments thereof, further comprises a sccond proteins capable of translocating into the
ER or a fragrent thereof. The second protein capable of translocating mio the ER or a fragment thereof can be an
Fo domain or HSA, beta2microglobalin, transferrn, fragment antigen-binding region (Fab region), VHH antibody,
single-chain vanable fragment {scFv), anticalin, designed ankyrin repeat protein (DARP), a binding domain
thereof, and a fragment thereof, or type ransmembrane proteios or a fragment thereof, or type I transmembrane
proteins or a fragment thereof as described herein. Figures 84 and 1A (first three frov left to right) are nonhimiting
examples of such fusion proteins.

[0105] in vet other embodiments, the fusion protein further comprises a protein that cannot naturally
translocate into the ER such as nuclear or cvtosolic proteins fused to the N-terounus of IL~18. For said proteins, a

signal peptide (which may be termed a leader sequence), such as Ig-kappa leader sequence {eg.,
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METDTLLLWVLLLWVPGSTG (SEQ D NO:247)) m FUSE-499, or one or more other signal peptides
mchuding but not Himited to those derived from human atbumin and human azurocidin, see Kober et al. Biotechnol
Bioeng. 2013 Ape, 110(4):1164-73 15 tused to the N-terminus of the non ER translocating protein. For example, the
signal peptide may be on the N-termunus end of the propeptide or of the 1L-18 {or its fragment, variant, or a vadant
of is fragment). A further example of a protein capable of translocating in/into/through ER may be a protein
engincered with 4 signal peptide, e.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-teominus of
Hsp70. In various embodiments, the addition of an N-terminal signal peptide, such as the Ig-kappa leader sequence,
1s i place of a Feo, globular protein, or HSS that’d otherwise be present n a fusion protein disclosed herein,
{0198] In some embodiments, the fusion protein (e.g., a masked IL-18) further comprises a tumor
targeting fragment, ¢.g.. a fragment that targets cell surface proteins including but not limited to a tumor associated
antigen (TAA). Forexample, FUSE-317 as shown 1 FIG. 9 1s a masked 11.-18 fusion protein that also comprises
ananti-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.

{0197] i some embodiments, the fusion protein (e.g., a masked H.-18} comprises an activation receptor
targeting fragroent, ¢.g., a fragment that targets activation receptors on cell surface iocluding but pot hmuted to
D16 on natvral kaller cell surface. Activation receptors include mmmumoreceptor tyrosine-based activation motif
(FTAM}-associated receptors, such as CD16 and NKp46. Activation receptors also mclude those participating in
spontancous NK coll activation, such as NKp46 (CID335), NKp30 {CD337), NKpd4 (CD336), NKG2D (CD314),
DNAM-1 (CD226), 2B4 (CD244), LFA-1 (CD1Ha-CDIR), and CD2. In soroe embodiments, the fusion proten
{e.g., amasked IL~18) comprises both an activation receptor targeting fragment and a tumor targeting fragment.
Examples of anti-CD16 fragments inchude but are not imited to CH2 domains of 1gG1, CH2 domam of [gG4. In
some embodiments, the fiision protein {e.g., a masked 1L-18) comprises a polvpeptide fragment that targets an
momwne checkpoint, e.g., fragoent that targets an immwune checkpoint expressed on T cell. For example, FUSE-
694 as shown in FIG. 4 1s a masked 1L-18 fusion protein that also compriscs an anti-PD1 fragmoent. Example
wmune checkpoints include but are not lmmited (o PD-1, PD-L1, CTLA-4, LAG-3. One or more fmmune
checkpoint-targeting fragments of kuown antibodies are concetved to be compatible with the fusion protein system
disclosed berein. Exanwples of aoti-PD1 fragments include fragments (eg. Fab, Fv} from pembrolizumab,
nivolumab, pidilizumab, AMP-S 14, spartabizumab, cemiphimab, AK103, BCD-100, BI 754001, IS001, LZMO09,
MGACIZ, Sym021, TSR-042, MGDO13, AK104, XmAb20717, tislelizumab, or PF-06801591.

[0108] In some embodiments, the fusion protein {(e.g. a masked IL-18} comprises a targeting
polypeptide, wherein the targeting polypeptide targets a protein onthe same surface as the IL-18 RC. Exarples of

such proteins mchude but are not himited 1o CD16,y9 TCR, 82 TCR or 81 TCR, NKp46, CD37, CD40 or NKG2D.
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In some embodiments, fusion profein {e.g., a masked IL-18) comprises a targeting polypeptide, wherein the
targeting polypeptide targets a protein on a cell that does not contain an IL-18RC. In these embodiments, the 1L-18
fuston protein will need to be delivered close to the IL-18R complex for a cis or density effect to result in the
roteraction between the IL-18 fusion protein and the IL-18R complex. For example, TAA targeted 1L-18 fusion
protein could get 1o mteract with the [L- 18R complex on T cells if (a) the fusion protein bridged T celis with TAA+
cells or (b} the fusion protein was combined with another protein that bridged T cells with TAA+ cells or {¢) the
fuston protein bound to a TAA+ cell that naturally interacted with T cell via a secondary means (¢.g. TCR/MBC
mteraction). Jn other examples, the fusion protein counld be delivered to fibroblasts or other accessory cells 1 the
tumor microenvironment and released by proteases such that it can act on IL-18R+ T or NK cells at a distance.

{0199] 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 multispectfic antibodies disclosed herein.

{6119] In some embodiments, enterokinase is used for site-specific cleavage of recombinant fasion
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 1D N(O:R7)
Therefore, the fragment produced from this cleavage reaction does not inhent any residues from the DDDIDE (SEQ
1D NO:&T) recognition sequence. Additionally, DDDBDK (SEQ 1D NG:R7) is a part of the octapeptide FLAG tag
(DYKDDDDBK (SEQ ID NO:248), which can be utilized as a fusion tag for recognition by antibody, and for
detection of fusion protein with Westem blot analysis, as well as for purification of the fusion protoin by Asti-
FLAG affimity chvomatography.

IR E]| Preferably, a cleavage site can be based on peptide substrates sensitive o other enzymes,
especially proteases highly expressed in tumor microenvironment, such as granzyme B, granzyime A, granzyme
M, granzyme K, matrx 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 Ho-Glu—Xaa-Asp | Xaa—
Glv (SEQ D NO:249) with the cleavage at the AsplXaa peptide bond. Altematively, a substrate sequence for
granzyme B can also be He-Ghu-Xaa-Asp, with the cleavage at the C-terminus end of Asp, and Xaa can be Gln
{SEQ 1D NO:88) or another amino acid.

[6112] Several mmowme cells can release granzyme, such as T cells, NK cells, neutrophals, and mast cells.
In several embodiments, a fusion protem comprising {(a) a polvpeptide fragment that targets an mmune checkpoint
expressed on an immune cell and/or a polvpeptide fragment that targets an activation receptor on NK cell, and {b)
atumor targeting fragmert, is effective for bringing the momume cell {e.g., T cell, NK cell} to the tumor, which can

result in the release of granzymes that refease .-~ 18, Forexample, an 1L~ 18 fusion proten comprising a polvpeptide
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fragment targeting an immune checkpoint protein can reverse exhaustion of NK and/or T cells that then are capable
of releasing more granzymes.

[0113] irr additional cobodiments, the fusion protein compriscs a cleavage site recognized by a scnng
protease, a cysieine proicase, an aspariate protase, a thicovine protease, a glutanme acidprotcase, a
metalloproteinase, a gelatinase, or an asparagine peptide lvase. In some embodiments, the protease cleavage site 1s
recognized by a Cathepsin B, a Cathepsin €, a Cathepsin B, a Cathepsin E, a Cathepsin K, a Cathepsin |, a
kallikreiry, abK1, a hK140, a hK13, a plasmin, a collagenase, a Type IV collagenase, a stromelysin, a Factor Xa, a
chymotrvpsin-like protease, a trypsin-like protease, an elastase-like protease, a subtilisinlike protease, an actimidain,
a bromelain, a calpain, a caspase, a caspasc-3, a Mir 1-CP, a papain, a HIV-1 proteasc, a HSV protease, a CMV
protease, a chvmosin, a renin, a pepsin, a matnptase, a legumain, a plasmepsin, a nepenthesin, a
metallocxopeptidase, a metalloendopeptidase. a matrix metalloprotease (MMP), a MMP1, a MMP2, a MMP3, 2
MMPS, a MMP9, a MMP10, 3 MMPLL, a MMPI2, a MMPL3, a MMPL4, an ADAMIO, an ADAMIY, an
ADAMI2, an urokinase plasmunogen activator (iPA), an enterokinase, a prostate~-specific target (PSA, hK3), an
mterleekin-1f converting enzvme, a thrombin, a FAP (FAP-u}, a dipeptidyl peptidase, or dipeptidvi peptidase IV
(DPPIV/CD26), a type H transmembrane serine protease {TTSP), aneutrophil elastase, a cathepsin G, a proteinase
3, a neutrophil serine protease 4, a mast cell chymase, amast cell tryptase, a dipeptidy peptidase, and a dipeptidyl
peptidase IV (DPPIV/ACD26). Noolimiting examples of cleavage sites are included in Table 1. As a particular
example, [EQD (SEQ 1D NG:88) can be used.

j0114] It 1s contemplated that a varant, fragment, or a fragment of a variant of the IL~18 is suitable, and
10 somc cmbodiments preforred, for the composition of the fusion protein. For example, a variant of matars IL-18
can have one, two, thiee, four, five, or more amino acid substitutions compared o the wild type mature IL-18. For
example, one or more cysteines w the H~-18 or its propeptide are replaced with a natusal or non-natural anuno acid,
such as from Cys to Ser, Ala, or Val, 50 as to reduce aggregation of the molecule in the fusion protein. Additional
examples include cysteine to threonine, asparagine, or glutamine: cvstemme to alanine, isoleucine, leucing
methionine, phenylalanine, tyrosine, or tryptophan: cysteine to phenylalanine, alanine, aspartic acid, or asparaging;
or cysteine to threonine, ghutamine, aspartic acid, phenylalanine, isolcucine or histidine.

[6115] A variant of IL-18 may have a 93%, 90%, 85%, 83%, 80%, 75%, 70%, 653% or at least 60%
sequence identity to wild type H.~18. In some embodiments, a variant of 1L-18 may have at least 60% and at most
83% sequence identity to wild type IL-18. In some embodinents, the variant of 1L-18 i the fusion protein is
released as an sbout 15 kDa fimctional fragment {e.z., on the clectrophoresis gels as tested) when cleaved at a
cleavage site of the fusion protein. (it 15 conceived that the released protein may be matuse IL-18 which would
noreally 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 TL-18 may have a 95%, 90%, 83%, 83%, 80%, 753%, 70%, 63%, or at least

60% sequence wWdentity (and/or length) to wild tvpe 1L-18. In some embodiments, an 1L-18 fragment produced by
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the fusion protein disclosed herein, especially afler protease cleavage of the fusion protemn, 15 less than 85% (e g.,
about 83%, about 83%-80%, about 80%-75%, about 73%-70%., or about 70%-63%} i size compared to
natural/wild-type mature IL-18; for exanple, an IL-18 fragment of about 15 kDDa m size, preferably having
comparable binding affiraty for IL-18Ra/b as the wild type mature 1L-18, is fused to a propeptide {or PP vanant)
and an ER translocating protein (with or without mutations), and the fusion protein also inchudes a protease cleavage
site, sach 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 H.-18R and forming complex, so as to activate promflammatory programs and/or NF-«B pathway. In
some embodiments, the variant, fragment, or a fragment of a variant of the 11~18 is capable of having an increased
binding affinity (.., 150%, 140%, 130%, 120%, 110%, or at least 100% welative to wild type IL-18) and/or
mducing the biclogical activity of at least 150%, 140%., 130%, 120%, 110%, 100%, 90%, 80%, 70%, 60%, 50%,
40%, 30%, 26%, or 10%, compared to wild type IL-18. In some embodiments, the vanant, fragment, or a fragment
of a variant of the TL-18 is capable of having an mcreased binding affiruty at 120%, 110%, or at least 100% relative
to wild type 1L-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 1L-18In additional embodiments, a variant, fragment, or a
fragment of a variant of the 1L.-18 has diminished binding to {L.-18 binding protein (HL-18BP), as compared to a
wild type IL-18

{B118] In some embodiments, the IL-18 or its fragment or variant cleaved from the fusion protein has at
feast 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
biclogical activity {e.g., binding with TL-I8R to form IL-18TL~-I8Ra/P complex and nduce downstream
signaling), compared 1o an uncleaved form inthe fusion protein especially with propeptide. In further embodiments,
the IL-18 or its fragment or vanant 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 matsre IL-
i8.

[0117] {n some embodinents, the [L-18 or its fragment or vadant cleaved from the fusion prtein has a
binding affinity for #ts IL-18R complex with an equilibrivm dissociation constant (KD of about 18 nM, (e.g., 18
oM & 03 ndM, 18 oM £ 4.5 nM, 18 oM & 1.0 nM). In some embodiments, the HL-18 or S fragment or variant
cleaved from the fusion protein has a binding affinity for its IL-18R complex which is about the same, or at least
100%, 93%, or B0%, compared to that of the wild type IL-18. In some crabodiments, the TL~18 or its fragment or
vartant cleaved from the fusion protein has a binding atfinity for #s 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 valee at least 10% or 20% smaller than that of wild type [L-18. Preferably, the IL-18 or its fragment

or variant cleaved from the fusion protein has a reduced binding affinity for H.-18BP, compared to that of the wild
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type IL-18. Forexample, in some mstances, the TL-18 or its fragment or vanant cleaved from the fusion protein hag
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 H.-18 or its fragment or vanant cleaved from the fusion protein has a KD with IL-18BP of 18
nM or greater, whereas the wild type 1L-18 has a KD with TL-18BP of about 0.4 nM. 1t 15 also conceived that KD
may vary depending on instrument and protocol setup.

{B118] In varicus embodiments, the fusion protem comprises a first polypeptide or protein capable of
translocating into an endoplasmic reticulum (ER} or a fragment thereof, and an interfenkin 18 (1118} a fragment
of H.-18, an 1L.-18 vanaot, or a fragment of the 1L-18 vanant, wherein the [L-18, the fragroent of 1L-18, the fL-18
variant, or the fragment of the TL-18 vanant 1s on the Cernunus ond 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 IL-18 propeptide. In various embodiments, the protein capable of translocating into an endoplasmic
reticutum (ER) or a fragroent thereof 18 not the wild-type 1L~ 18 propepiide. fu addition 1o these features, additional
features of the fusion protein are discussed herein.

{6119] In some embodiments, the fusion protein comprises an IL-18 variant. In varions embodiments,
the IL-18 variant has an anuno acid sequence comprising or consisting of amino acid positions 37-193 of SEQ ID
NG:230 with one to five anuno acid substitutions at posttions F42, MR7, K89, M9s, and MI49 of
MAAEPVEDMNCINFVAMKFIDNTLYFIAEDDEMIEQDYFGRLESKLSVIRNLNDOVLFIDQGNRPLFED
MTDSDVRDNAPRTIFHSMYKDSQPRGMAVTIS VR VEKISTLSVENKIISFKEMNPPDNIKDTKSDIFFQ
RSVPGHDNKMQFESSSYEGYFLAVEKERDLFKULKKEDELGDRSIMFTVQNED (SEQ ID NO:250). In
various cmbodiments, the ong to five amino acid substitiutions is ong amino acid substitution. In other cabodiments,
the one to five amino acid substitutions are two amino acud substitutions. In other embodiments, the one o five
anuno acid substitutions are three amino acid substitutions. In other embodiments, the one to five amino acid
substitutions are four ammo acid substitutions. In other embodunents, the one to five aminge acid substitutions are
five aming acid substitations. In various embodiments, the HL-18 variant comprises no more than five amino acid
substriutions, with the exception of substituting cysteines.

{0126] In various embodunents, the 1L-18 vanant has an amine acid sequence comprising or consisting

of amino acid positions 37-193 of SEQ I NOG:251 with one to five amino acid substitutions at positions E42, M&7,

K89, MO8, and bM149 of
MAAEPVEDNCINFVAMKFIDNTLYFIAEDDENEQDYFORKLESKLSVIRNLNDOVLFIDQGNRPLEED

MTDSDCRDNAPRTIFIISMYKDSQPRGMAVTISVKCEKISTLSCENKHSFKEMNPPDNIKDTK SDHFFQ
RSEVPGHDNKMOQFESSSYEGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEGQ ID N(x:251).
{0121 In various embodiments, the 1L-18 vanant has an aming acid sequence comprising or consisting
of amino acid positions 37-193 of SEQ ID NG:251 with one or more ammno actd substitutions at positions €74,

C104, C112, and C164, and one {o five amino acid substitutions at positions E42, M7, K89, MO6, and M 149, of
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SEQ ID NG:25 1 In vanous embodiments, the amuno acid substitations at one or more of C74, C104, €112, and
164 are cach independently substituted to valine, alanine or serine. In various embodiments, the amine acid
substitutions at one ormore of C74, C104, C112, and €164 are each substituted to alanine. In various embodiments,
the amino acid substitutions at one or more of €74, C104, C112, and C164 arc cach substrtuted to serine.

j0122] Ivarious embodiments, the one to five amino acid substitutions are one or more oft EAZEK, B4ZR,
E42A, FAZH, or E42¢ MBTK, or M87TH; K89G, K89A, or KBIE; MO6L, or MO6L; or MI49V or M149L In
various embodiments, the one to five aming acid substititions are F42K, F4A2R F42A E4?H or E420; M87K or
MBTH, K89G, KRUA, or KEBE; MOSL, or MOSE; and M149V or M1491

[0123] I various embodunents, the fusion protemn comprises an IL-18 vanant selected rom Table 1. In
various embodiments, the fusion protein comprising the IL-18 varnant selected from Table 1, further comprises a
propeptide having an ammo acid sequence selecied from Propeptide columm in Table 1, and optionally from the
same row as the 1L-18 variant. In various embodiments, the fusion protein comprising the TL-18 vanant selected
from Table 1 and propeptide selected from Table 1, further comprises a cleavage peptide selected from Table 1,
and optionaily from the same row as the IL-18 vanant and propeptide. As a particalar example, IEQD (SEQ ID
NO:88) can be used.

{0124] In various embodiments, 1L-18 varant 1s an L.-18 varant disclosed m U.S. Patent 7,524 488,
US. Patent Publication No. 201940070262, U.S. Patent Publication No. 2021/0015891, or PCT Publication No.
WO 2022/038417, the 1L-18 variants and sequences of each of these patent or publications of which are hereby
mcorporated by reference as though fully set forth.

[0125] In various embodiments, the fusion protein fiurther comprises a targeting polyvpeptide. 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 1L-18 RC. In vanous embodiments, the fision protein binds to a cell
having an [1.~18 RC or capable of expressing the IL-18 RE upon activation of the cell, and activates the ITL-18 RC
signal.

{0126] In other cobodiments, the targeting polypeptide targets a protem 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 B-18 RC on its
surface or not capable of expressing the IL-18 RC is in close proximity to a cell expressing the IL-18 RC or i3
capable of expressing the H.-18 RC. In other instances, the fusion protein can bring the cell not having the 1 .-18
RC onts surface or not capable of expressing the IL-18 RC mto close proxumity to a cell expressing the L-18 RC

or i3 capable of expressing the TL-18 RC,

{6127] In varicus embodiments, the targeting polypeptde comprises a timor associated antigen binding
domain.
[0128] In various embodiments, the fusion protein further comprises a binding domain for a protein

expressed on romune cells. In various embodiments, the fusion protein further comprises a binding domain fora
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protein expressed on mmune cells that express I~ 18 receptor complex or on immune cells that upon activation
express the [L-1€ receptor complex.

[0129] In various cbodiments, the fusion protein fusther comprisces an antibody or antibody fragnent,
and the fusion protein birds fo a turmor cell, or to an towoune cell or steomal coll in a tumor tissue. Exanples of
antibody fragments include Fo fragment, Fab fragment, Fv fragment as well as others discussed herein,

{0139] In vanous embodiments, the fusion protein further comprises a masking domain. In these
crbodiments, a mature IL~-18 or mature IL-18 variant can be released from a masking domain by a protease. Inn
vartous erabodiments, the protease ts granzyme, which can be released from an yonwse cell. Exanples of onwne
cells nclude but are not Hinited to an NK cell, a T cell, a neutrophil, or a mast cell. In vanous embodiments, the
protease is a metalloprotease, which the metalloprotease can be expressed in a tumor microenvironment. Further
examples of protease and types of granzymes are described herein. In various embodiments, the mature IE-18
ncreases the activity of NK cells or T cells, and optionally the activity beng one or more of proliferation, survival,
and cvtotoxicity.

[0131] In various embodiments, the fusion protein further comprises half-life extending molecude. A
nonlimiting example of a half-life extending molecide is a half-life extending polypeptide; for example, human
serum albumin (HSA) or an HSA-binding fragment. In various embodiments, the fusion protes has reduced
activity as compared to wild-type HL.~18 when not bound to a cell having the TL-18 RC. In various embodiments,
the reduced activity 1s at least a 75% reduction in activity as compared to wild-type IL-18.

[0132) In various embodiments, the fusion protein comprises polypeptide 1 and polypeptide 2 sclected
from Table 1. In various embodiments, the fusion protein firther conprises polypeptide 3 selected from Table T
I various embodiments, polypeptide | and polvpeptide 2, and optionally polypeptide 3 is selected from the same
row of Table 1.

[0133] In varnous embodunents, the fusion protein comprises polypeptide 1 selected from Table i,
whercin polypeptide | conpriscs HSA.

[0134] In various embodiments, the fusion protein does not comprise an [L-18 varant disclosed in U.S.
Patent 7,524 488, U5, Patent Publication No. 20190070262, U.S. Patent Publication No. 2021/0015891, or PCT
Publication No. WG 2022/038417, the [L~18 varnants and sequences of cach of these patent or publications of

which are hereby incorporated by reference as though fully set forth.

Propeptide Varianis

{8135] Various embodiments of the mvention provide for propeptide vanants. In various embodiments,
the propeptide variant has the following amino acid sequence:
AAFPVEDNX INFVAMKFIDNTLYFIAEDDEN, wheremn X is any amino acid except cvsteine (SEQ 1D

N(:238). In various ervbodiments, X is alanine, valine, isoleucine, leucine, methiomine, phenylalanine, tyrosne
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ortrvptophan (SEQ D NG:239). In various embodmments, X is valine (SEQ ID NO:78). In various embodmments,
X1 is serine, threonine, asparagine, or ghutamine (SEQ ID NO:240). In various embodiments, X is serine (SEQ
1D NQG:76).

11-18 Variants
{3136} Various embodiments provide for JL-18 vanants.
[0137] In various embodiments, the IL-18 varant has an amins acid sequence comprising or consisting

of anuno actd positions 37-193 of SEQ ID NO:250 with one to five amino acid substitutions at positions F42, M87,
K59, MOG, and M149 of
MAAFPVEDNCINFYVAMEFIDNTLYFIAEDDENIEQDY FGKLESKLSVIRNINDQVLFIDQGNRPLFED
MIDSDVRDNAPRTIFIESMYKDSQPRGMAVTISVKVEKISTLSVENKHSFKEMNPPDNIKDTK SDIIFFQ
REVPGHDNKMOFESSSYEGYFLAVEKERDLFKLILKKEDELGDRSIMFTVONED (SEG ID NGO:250). In
various embodiments, the one to five annng acid substitutions 1s one amine acid substitution. In other embodiments,
the ong to five amine acid substitutions are two amme acid substitutions. In other embodiments, the one to five
amino acid substitutions are thice amino acid substitutions. In other embodiments, the one to five amino acid
substitutions are four amino acid substitutions. In other embodiments, the one 1o five aming acid substitutions are
five amio acid substitutions, In various embodiments, the IL-18 variant comprises no more than five amino acid
substitutions, with the exception of substituting cysieines.

{06138] In various embodiments, the IL-18 vanant has an aming acid sequence comprising or consisting
of amnino acid positions 37-193 of SEQ I NO:251 with one to five amino acid substitutions at positions E42, M87,
K89, M6, and M149 of
MAAEPVEDNCINFVAMEFIDNTLYFIAEDDENIEQDYFOKLESKLSVIRNLNDQVLFIDQUNRPLEED
MTDSDCRDNAPRTIFHSMYKDSQPRGMAVTISVKCEKISTLSCENKHSFKEMNPPDNIKDTKSDIIFF(G
RSVPGHDNEKMOQFESSSYEGYFLACEKERDLFKEILKKEDELGDRSIMFTYOQNED (SEQ 1D NO251).
[0139] I various embodiments, the TL-18 vadant has an anuno acid sequence comprising or consisting
of amino acid positions 37-193 of SEQ ID NO:251 with one or more amino acid substitutions at posttions €74,
C104, C112, and €164 | and one o five amino acid substitations af positions E42, M&7, K&9, M96, and M149, of
SEQ 1D NO251. In various embodiments, the amino acid substitutions at one or more of C74, 104, C112, and
164 are each mdependently substituted to valine, alanive or serine.

{0148] Invarious embodiments, the one to five amino acid substitutions arc onc or more oft EAZE, E4AZR,
E42A, E42H, or E42(, MBT7K, or MB7H; K89, K89A, or K89E, MOaL, or M98, or M149V or M1491 In
various embodiments, the one t¢ five amino acid substitutions are EAZK, FAZR, E42A, E47H, or E42Q:M8T7K, or
METH, K9G, K8YA, or KEUE; ML, or MO61; and M149V or M 1491
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{6141] In various embodiments, the TL~18 variant i3 selected from the “Matare TL18 vanant” column in
Table 1.

[0142] In various emabodiments, the 1L-18 variant further comprises an IL-18 propeptide or IL-18
propeptide variant.

[0143] In vanous embodiments, the TL-18 varant further comprises an 1L-18 propeptide vanant having

the following ammo acid sequence: AAEPVEDNXINFVAMEKFIDNTLYFIAEDDEN, wherein X is any aming
acid except cystemne (SEQ ID NG:238). In various embodiments, X is alanine, valine, isoleucine, feucing,
methionine, phenvlalanine, tyrosine or tryptophan (SEQ 1D NO:239). In vartous embodiments, X 15 valine (SEQ
IDNG7R). In various embodiments, X is serine, threonine, asparagine, or ghutamine (SEQ ID NG:240). In various
embodiments, X is serine (SEQ ID NO: 76} In various embodiments, the IL-18 variant is selected from the “Matare
1118 varant” colwan of Table 1, and further comprises a propeptide having an amino acid sequence selected from
“Propeptide” colummn i Table |, and optionally from the same row as the H.-18 varant,

{0144] In various cmbodiments, the IL-18 variant further compriscs an IL-18 propeptide vanant, and a
cleavage peptide. In vartous embodiments, the cleavage peptide selected from Table 1. As a particular example,
TEGD (SEQ D NO:88) can be used.

[0145] in various embodiments, a fusion profein comprising an 1L-18 vanant selected from Table 1, a
propeptide selected from Table 1, and a cleavage peptide selected from Table 1, and optionally from the same row
as the IL-18 vartant and propeptide.

[0144] In various embodiments, the 1L-18 vartant is not an 1L-18 variant disclosed in U.S. Patent
7,524,488, U.S. Patent Publication No. 2019/0070262, US. Patcot Publication No. 20210015891, or PCT
Publicatton No. W 2022/038417, the 1L~18 varants and sequences of each of these patent or publications of

which are hereby incorporated by reference as though fully set forth.

Polynucleotides, vectors and celis

{0147} Various craboduaents provide polyvnuclectides encoding the fusion proteins disclosed berein. For
example, the polymucieotides may encode m a 57 to 37 divechion, a first protein or polypeptide capable of
translocating i an ER and an [L-18 (or its fragment, variant, or a fragment of #s variant). Nonhmiting examples
of such polynucleotides are i Table 2.

[0148] Fudhermore, the polynuclectides optionally may also include a “leader” or “signal” sequence
based upon, for exaraple, (1} a propeptide (PP) linked divectly to IL-18 {or HL.-18 vanant) as n FUSE499 or (2) an
mmanoglobulin light chain sequence fused directly to 8 hinge region of the immunoglobulin heavy chain constant
region. In some embodiments, when the protem/polypeptide capable of translocating m an ER i¢ hased upon IeG

sequences, the nucleic acid encodes ina 5 to 3 direction, at least an womunoglobulin hinge region (o, a hinge
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region contaiming at least one cysteine amino acd capable of forming a disulfide bond with a second
mununoglobulin hinge region sequence), an immmunoglobulin CH2 domain and a CH3 domain, and an H.-18 {or
its fragracnt, vanand, or a fragment of &S vartant).

[0149] In vadous erboduunents, a polynucleotide encoding the fusion proteins may also be integraied
within a rephicable expression vector. Hence, a vector encoding the fusion protein i3 also provided, which may
express the fusion protein in, for example, a bactenal host, an intended recipient, or both.

[0150] Additional embodiments provide cells transformed or transfected with one or more nucleic acid
molecules {polynucleotides} encoding the fusion protem. The cell can be a prokaryotic cell Or the cell 5 3
eukarvotic cell, preferably a mammalian cell, and more preferably a human cell. Examples of mammalhian cells
mchude Chinese hamster ovary ({CHO) celis, NSO cells €a mouse myeloma cell hing), PER C6® cells, and human
embryonic kidney celis (HEK celis}.

{3151} In some embodiments, a non-human orgamism transformed or transfecied with one or more
nucleic acid molecules encoding the fusion protein s also provided.

Compositions

[0152] Further embodiments provide a composition comprising combinations of two or more ditfferent
fusion proteins, or combmations of the nucleic acid sequences encoding the fuston protems. For example, a
pharmaceutical composttion 1s provided, wherein the fusion protein or a nucleic acid molecule encoding the fusion
proten is an active agent.

[0153] The phammaccutical compositions according to the invention can also contain any
phamaceutically accepiable carrier. “Phanmaceutically acceptable carder” as used heremr reftrs o a
pharmaceutically acceptable matenial, composition, or vehicke that s mvolved m carrving or transporiing 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 liguid or solid fifler, difuent, excipient, solvent, or encapsulating material, or a
combination thercof. Each component of the carricr must be “pharmaceutically acecptable” in that & nost be
compatible with the other ingredients of the formulation. It mwst also be suttable for use in contact with any tissues
or organs with which it mayv come m contact, meaning that i roust not carry a risk of toxicity, umitation, allergic
fesponse, immunogenicity, or any other complication that excessively outweighs its therapeotic benefits. The
phamacentical compositions acconding to the invention can also be encapsulated, tableted or prepared in an
emulsion or syrup for oral admuustration. Pharmaceutically acceptable solid or liguid carriers may be added to
enhance or stabilize the composition, or to facilitate preparation of the composition. Liquid carriors inclade syrup,
peanut oil, olive o1, glyeerin, saline, alcohols and water. Solid carriers include starch, lactose, calcium salfale,
dilvdeate, terra alba, magnesium stearate or steanc acid, talc, pectin, acacia, agar or gelatin. The carrier may also
mclude a sustained release material such as glveervl monostearate or glyeeryl distearate, alone or with a wax. The

pharmaceutical preparations are made following the conventional techniques of pharmacy mwvolving malling,
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mixing, granulation, and compressing, when necessary, for tablet forms; or milling, mbdng and flling for hard
gelatin capsule forms. When a liquid carner is used, the preparation will be in the form of a syrup, elisar, emulsion
OF an aquecus or non-agueous suspension. Such a liquid formulation may be admmistered directly p.o. or filled
1oto a soft gelatm capsule.. The pharmaceutical compositions according to the mvention may be delivered ma
therapeutically effective amount. The precise therapeutically effective amount 1s that amount of the composition
that will yield the most effective results in ferms of efficacy of treatiment in a given subject. This amount will vary
depending upon a variety of factors, imcluding but not imited to the characteristics of the therapeutic compound
{including activity, phammacokinetics, phannacodynamics, and bicavailability), 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 carners in the fornnilation, and the
route of adminustration. One skilled i the clinical and phamacological arts will be able to determine a
therapeutically effective amount through routine expenimentation, for instance, by monitoring a subject’s response
1o admimnistration of a compound and adjusting the dosage accordingly. For additional guidance, sce Renungton:

The Science and Practice of Pharmacy {Gennaro ed. 20th edition, Williams & Wilkins PA, USA) (2000}

Methods of producing

[0154] Methods for making the fusion proteins, or nucleic acids encoding the fusion proteins, are also
provided. Some embodiments provide that conventional recombmmant DNA methodologies are utiized for
generating the fusion proteins. The fusion constructs preferably are generated at the DNA level, and the resulting
DNAs uegrated into oxpression vectors, and expressed to produce the fusion proteins of the
mvention. Subsequently, the vector is expressed v a bost cell to obtam the fusion protemy and optionally the method
further includes a siep of recovering the fusion protein from the host cell culture. In some embodiments, a method
of prodacing mterdeukin 18 (JL~18), a fragment thereof, an 1L-18 variant, or a fragment of the 1L-18 variant,
comprises cufturing a cell transfected with an expression vector comprising a nucleie acid encoding a fusion protein,
in cell culture meduam to allow a fusion protein to be produced and secreted into the extracellular space for
purification; sad protein, when contacting a protease to the fusion protem to cleave the fusion protein to produce
the IL-18, the fragment thereof, the IL-18 variant, or the fragment of the IL-18 vanant. Exemplary nuckeic acid
molecules encoding a fusion protein are seen in Table 2 Other embodiments provide that chemical conjugation
using conventional chemical cross-linkers mayv be used to fuse protem rooictics.

{6155] In some embodiments, the nucleic acid molecules encoding the fusion proteins 1s expressed m
(CHO cells or HEK-293. Preferably, expressing the fusion proteins i the host cells results in a recoverable secreted
fuston protein of at least 135 mg/L from supematant of the host cells. In some embodiments, a vield of the fusion
protemn of at least 135 mg/L is obtained via transient transfection. In some embodiments, an even bigher vield of

the fusion protein, ¢.g., at least 130, 2400, 250, or 300 mg/L is obtamed via stable producer ¢ell clones, or pools of
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clones. In some embodiments, from a transient transfoction, a yield of the fusion protein is about 130-400 mg/L. In
some embodiments, a fusion protein, or the IL-18, the fragment thereof, the IL-18 variant, or the fragment of the
1L-18 varniant cleaved from the fusion protein, s recovered in more than about 400 mg/L, between 350-400 mg/L,
300-350 mg/L, 200-300 rag/L, 100-200 mg/L, or at least 30 mg/L from supematant of the host cells.

{01 56] In some embodiments, using a Chinese hamster ovary (CHO) expression system, the fusion
protemn is produced via a process mchuding the steps of (13 cell recovery, which may be to recover frozen CHO
cells via water bath at 37°C; (2} cell subcultaring, which may be to sub-cultare the cells and adjust the cell density
to 6x 10%mi for transfection; (3) transfection and expression, using a sofution 1 (in which a plasmid is diluted with
a diluting agent), a solution 2 (in which a transcetion reagent 1 dituted with afthe diluting agent), and then mbung
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 supernatant of the culture after contrifuge.

[6157] In some embaodiments, a purification process is performed afier 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 T mL/min; (2} loading a fusion-protetn-containing sample into the colamn
at a flow rate of 1 ml/misy; (3) washing the column with 10x volumes of PBS buffer with a flow rate of 1 mi/min;
{4) chuting the protein from the sodiwe with 40 M sodium citrate (pH3 .4); optionally the clution sample may be
collected 1to wbes (IVmw) and roeasured for optical density (O} using MavoDrop at 280 nm: and (5)

performing dialysis, e.g., against PBS buffer in a dialysis bag ovemight.
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EXAMPLES
{0158] The following examples are provided to better fHustrate the claimed invention and are not to be
mrtcrpreted as Himiting the scope of the invention. To the oxtent that spectfic materials arc mentioned, it is merely
for purposes of illustration and is not intended to lnnit the tvention. One skilled in the art may develop cquivalent
means or reactants without the exercise of inventive capacity and without departing from the scope of the invention.
Example 1

{0159 The N-terminal of pro-1L-18 was fused to the C-terminal of an 1gG1 CH3 domain so as to
engineer a vatant of TL-18 expressible in mammalian cells. Pro -1L~18 was fused to the knob of a knob it hole
beterodimenc IgGl 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 (HL-18AS”,
as in FUSE-48(0), alanine ("HL-I8AA”, as in FUSE-481), or valine (TL-18AV™, as in FUSE-442} Hiustrations of
the three vanants are shown in panel A of figure 1

{168] Transient transfoction m the ExpiCHO systom resulted in titers of 191, 214, and 198 mg/L, for
FUSE-480, FUSE-481, and FUSE-442, respectively. These Fo-pro-IL-18 fusion proteins were hypothesized as
harboring a “masked” version of H.-18, where the biological activity of the fused IL-18 would te reduced until the
propeptde 15 cleaved off. To evaluate cleavage of the propeptide, a cleavage stic specific for the enterokinase (EK)
was nserted within the propeptide Cpp™) upstream of mature IL-18 sequence i the location of the endogenous
Caspase 1 site. EX was chosen because of its robust protease activity and activity in phosphate buffered saline. To
evaluate the biclogical activity of the Fo-pro-1L-18 fusion proteins before and affer treatment with EK| a seporier
system was used. Here, HEK-Blue-1L-18 cells were used to guanufy [L-18 activity. HEK-Blae IL-18 cells are
made from HEK-293 engineered to express the uman [L~18 receptor complex (IL-18Ra/By and an NF«h/AP-1~
mducible seereted embrvorie alkaline phosphatase (SEAP) weporter gene, The cells are also enginected not to
sespond to human TNF-o and IL-18. Upon exposure to TL-18, HEK-Blue IL-18 produce SEAP in a dose dependent
manner, which can be quantified via a colorimetnic assay. We observed that compared (o recombinant human
mature H-18, all three mutants induced lower biological activity greater than 1000 fold and up o 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-substiited mutant (FUSE-442) was not substantially
different from recombinant human mature IL-18. Following release of the serine muotant with EK (1B), however,
although biological activity was restored by >30,000 fold, it was ~50 fold less potent than recombinant human
matwre H.-18. Potency was measured as the concentration of test article that induced bave maxuual SEAP
production (EC50-SEAP).

jo161] As shown in figure 2, pro-IL-18mut2 was fused to the knob of a knob into hole heterodimenc
1e(G1 protein. HL-18mui2 mcorporates tour amino acid substitutions hypothesized to reduce binding to 1L.-188P

while mantamung wild type binding 1o the IL~18 receptor complex. Further modification was made to pro-1L.-
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18mui2 to reduce aggregation of the molecule such that each cysteme residae m both the pro-peptide and mature
fL-18mot? was substituted with serine (E-18mut2AS), alanine (JL-18mai2AA}, or valine (L-18mutZAV).
Hustrations of the three variants are shown in panel A of figure 2. As m figure 1, the biological activity was assessed
using HEK-Blue. Compared to wcombinant human mature 1L-18, all three routants nduced 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 [L-18. Following relcase of'the serine
ntant 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 (HC50-SEAP).

[0162] As shown in figure 3, we examined the impact of a propeptide on masking of IL-18AY biological
activity in the context of Fe fusions vanants incorporating 1L~-18AY on the Cemunal of the Fe with {panc] A,
FUSE-442; Fe-EKpp-1L~18AV) or without {panel B, FUSE-S05; Fe-EXAL-18AV) the propeptide. For the fision
m which the propeptide was removed, the EK cleavage site that replaced the Cagpase 1 site was moved to a position
directly in between the CHZ domain of the koob and mabre IL-18AV without the addition of a flexible linker.
Using the HEK-Blue [L-18AY reporier cell assay as a readout, we exposed these cells to a titration of FUSE-442
or FUSE-505 with or without treatroent with EX. The biological activity, measured as the EC50-SEAP, of FUSE-
442 and -503 were attenuated compared to human recombinant 1L-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 Fo fusion alone. Treatment with EK designed to cleave off the [L-18AY fragment from FUSE-
505 and FUSE~442 led to restoration of biclogical activity. In the case of FUSE~-442, treatment with EX wesulted
mn biological activity that was not substantially different from recombinant human mature IL-18AV. For FUSE-
505, however, although biological activity was restored following treatment with EK, potency remamed redouced
by ~30 fold compared to recombinant huran mature IL-18AY . The EC50-SEAP for cach compound 1s shown
pancl 1. Given that FUSE-505 and FUSE-442 both harbor the same [L~I8AV, the difference in activity after
demasking with EK could not be explained by any difference in IL-I8AV varant. Rather, we observed that EK
was far less efficient at releasing IL-18AV from FUSE-503 {(<10% cleavage efficiency) than FUSE-4442 (>95%
cleavage cfficiency). Henee, the reduced biological activity observed from EK cleaved FUSE-305 versus EK
cleaved 442 was the result of less TL-18AV being released by the former compared to the latter. We hvpathesize
that the lack of a flexible hnker between the CH3 domam of the knob and IL~18AV m 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 efficiont 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 contabutes to masking of IL-18AYV biological
activity. Io the absence of the propeptide, masking is likely the consequence of steric bindrance mediated by the

protein fused to the Netermmal of 1L~ 18AYV
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{6163] As shown n figure 4, as in figure 3 with TL-18AV, we examined the impact of a propeptide on
masking of I-18mut2 AV biological activity in the context of Fe fusions variants incorporating [L-18AVmut2 on
the C-terminal of the Fe with {pancl A of figure 4, FUSE-424; Fe-EXpp-IL-18muiZAV) or without (pancl B,
FUSE-441; Fe-EK-L-18mut2 AV} the propeptide. The biclogical activity of FUSE-441 and FUSE424 were highly
attenuated compared to hursan recombinant [L-18 at the orders of > 100,000 fold (panel C). Treatment with EX led
to restoration of biclogical activity. In the case of FUSE-424, treatment with EX resolted in biological activity that
was not substantially difforent from recombinant human mature H-18. For FUSE-441, however, although the vast
majority of biological activity was restored following treatment with EX, potency rematned reduced by ~10 fold
compared to recombinant hurpan mature IL-18. The ECS0-SEAP for cach compound 15 shown n panct B, Given
that FUSE-441 and FUSE-442 both harbor the same IL-18mut2 AV, the difference in activity after demasking with
EK could not be explained by any difference in HL.-18 variant. Rather, we observed that EX was far less efficient at
releasing Ho~- 1 8mun? AV from FUSE-44 1 (<20% cleavage efficiency) than FUSE~424 (>93% cleavage efficicncy).
Hence, the reduced biological activity observed fiom EK cleaved FUSE-441 versus EK cleaved FUSE-424 was
tikely the result of less IL-18mut? AV being released by the former compared to the latter. We hypothesize that the
fack of a flexible hinker between the CH3 domam of the knob and IL-18mut2 AV m FUSE-441 resolted in amostly
inaceessible EK cleavage site. For example, a flexible Hinker can be the propeptide; or the propeptide behaves as a
flexible Jinker, In contrast, the propeptide meorporated wito FUSE-424 allowed for sufficient access of EK to its
cleavage site for efficient release of TL-18mut2 AV, The data indicates strongly that the mn the context of an 1L~
18mu2 AV Fe fusion protein, the propeptide is not required for masking of IL-18mg2AV biclogical activity but
is rather the consequence of steric hindrance mediated by the protein fused o the N-terminal of -1 8mutZAV. As
such, we hypothesize that any N-tenuinal protein of sufficient size {¢.g., abowt 4 kDa or larger, ¢.g., the propeptide
1s about 4 kDa, Fo s about 28 kDa as a monomer, HSA 1s about 66 kDa, VHH 1s about 14 kDa) would be capable
of masking the biclogical activity of H~18mut2AV; and that an EK cleavage site containing Hoker of sufficient
size (¢.g.. 25 amino acid or longer to allow access to BK, when incorporated between the Fo or other N-terminal
protein mask and .- 18mut2AY, would substitute for the EK containing propeptide. Further, should such N-
terminal masking protein or fragment thereof be engincered or naturally be transported through the Endoplasmic
Reticutum (ER), this would result in expression yields from transient transfection of mammalian cells such as Expi-
CHO acceptable for therapeutic development.

{0164] As shown in figure 5, we examined the impact of fusing the propetide-1L-18AV fusion to the C-
terminas of wild tvpe Ip(G 1 (FUSE-507, panel A} and wild type Ig(G4 (FUSE-309, panel B}, In both formats, one
molecule of the propetide-IL-18AV fusion are linked to each Fe-CH3 domain, resulting in two molecules of the
propetide-TL-18AY fusion per IgGl or IgG4 homodimer. As previously described, a cleavage site specific for EK
was inserted between the propeptide and mature [L-18 sequence i the location of the endogenous Caspase-] site.
To evaluate the biological activity of the Fe-pro-IL-18 fusion proteins betore and after treatment with B, the HEK-

Blue-TL~18 cell reporter svstem was used. Usine thus svsterns as a readout. we exposed HEK-Blue-HL-18 cellsto a
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titration of FUSE-507 {(gGiFe-EKpp-IL-18AV) or FUSE-509 {(IgG4Fc-ERKpp-IL-18AV} with or without
treatment with EK. The biological activity, measured as the ECS0-SEAP, of FUSE-S07 and -509 were highly
attenuated compared 0 human recombinant 1L-18 at the orders of >10,000 fold {panel C). Treatment with EK,
designed to cleave off the IL-18AV fragment from FUSE-507 and FUSE-509 led to restoration of biological
activity that was approximately 2 fold greater than hill-18. This difference was likely the vesult of two molecules
of IL~-18AV being release per IgG1 or eG4 fusion resulting in about a 2:1 molar ratio of TL-18AV to hell~18 when
the 1gG1 or IeG4 fusion proteins were filly cleaved by EK. The EC30-SEAP for cach compound is shown in panel
D). We also generated versions of FUSE-507 and FUSE-509 without the propeptide; leG1Fe-EK-L-18AV and
IgGAFc-ER-IL-18AV, respectively. These did not express well, likely due to the propensity of IL-18 to foun
homodimers and the absence of a flexible linker between the CH3 domain of IgG1 or IgG4 and mature IL-18AY
{data not shown). The data indicate that the in the context of a propeptide-IL-182 AV fusion, it 15 possible to obtain
hoth expression exceeding 135 myg/L and masking/attenuation of IL~-18AV biological activity as high or greater
than 100,000 fold {compare Figure § to Figure 1 and 3) whether HL-18AV is fused to the Cemminus of wild type
1gG1 or oG4 {two molecules of TT~18AV} or an IgG1 knob into hole heterodimer {one molecule of TL-18AV).
The formats utilizing wild type IgGl or g4 indicate aliowance for straightforward plog and play fusion of
propeptide-tL-1# fusions, their varants and fragments thereof to an array of monoclosal antibodies inchiding
commercialized ones such as Avelumab (anu-PDL1), Cetuximab {(anu-BEGFR), Trastuzumab (anti-HER2/neu),
etc.

{0165] As shown m figure 6, to address the waiversality of masking of IL-18 and its variants by a
polypeptide fused to the N-torminus of IL-1%7s manure form, we examined the capacity of an N-terminal protein
{mask) distinct from the Fe domain of IgG to ationuate the biological activity of TL-18-AV with or without the
propeptide. The N-terminus of IL-18AV with (panel A, FUSE-501) or without (panel B, FUSE-503) the propeptide
was fused to the Ceterminus of Huaman Serum Albusuin (HSA). For the fusion m 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 {118 reporter
cell assay as a readout, we exposed these cells to a titration of FUSE-301 (HSA-EKpp-IL-18AV) or FUSE-503
{HSA-EK-IL-18AV} with or without treatment with EK. The biclogical activity, measured as the ECS0-SEAP of
FUSE-301 {panel C) was highly attenuated compared 1o human recombinant I-18 at the order of ~35,000 fold.
FUSE-503 (panel D), which does not contain the propeptide, was also attenuated at the owder of ~3,500 fold.
Treatment with EK, designed to cleave off the TL-18AV fragment from FUSE-S01 and FUSE-303 led to restoration
of biological activity. In the case of FUSE-501, treatment with EK resulted in biological activity that was not
substanttally differcnt from recombinant human mature IL-18. For FUSE-503, however, although biological
activity was mcrgased by treatment with EK. it romained ~40 fold weaker than human recombinant IL-18. The
EC30-SEAP for each compound is shown i panel E. Given that FUSE-501 and FUSE-303 both barbor the same

IL-18AYV. the difference m activity afler demasking with EK could not be explamed by any difference m H.-18
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vartant. Rather, we observed that EK was far less efficient at releasing IL~18AV from FUSE-303 (<20% cleavage
efficiency} than FUSE-501 (>95% cleavage efficiency). Hence, the reduced biological activity observed from EK
cleaved FUSE-303 versus EK cleaved -301 was the result offess IL-18AV being released by the former compared
to the latter. We hypothesize that the lack of a flexible linker between the Cermunus of HSA and IL-18AV m
FUSE-303 resulted m a mostly inaccessible EK cleavage site. In contrast, the propeptide incorporated o FUSE-
301 allowed for sufficient access of EK (o its cleavage site for efficient release of H-18AV. Taken fogether 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 BL-18AV biological activity but may contrtbute to greater
attenuation when present in HSA-IL-18 fusion proteins. For both FUSE-301 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-temminal protein of sufficient size would be capable of masking the biological
activity of IL-18AY and that an EK cleavage site containing linker of sufficient size to allow access to EK, when
wcorporated between the Fe, HSA or other N-terminal protein mask and HL-18AV, would substitute for the EK
containing propeptide. Further, should such N-terminal masking protem or fragment thereof be engineered or
naturally be transported through the Endoplasmic Reticudum (ER), this would result in expression yields from
transient transfection of mammalian cells such as Expi-CHO acceptable for therapeutic development.

{01 64] As shown in figure 7, to address the universality of masking of 1L-18 and its variants by a
polypeptide fuged to the N-terminus of IL-18"s mature form, we examined the capacity of an N-terminal protein
{mask) distinet from the Fe domain of IgG to attenuate the biological activity of IL-1&8mut2AV with or without
the propeptide. The N-terminus of IL-18muw2AY with (panel A, FUSE-50Z) or without (panel B, FUSE-504) the
propeptide was fused to the C-tenminus of Human Serom Albuoun (HSA}. For the fuston m which the propeptide
was removed, the ER cleavage site that replaced the Caspase 1 site was moved fo a position dircctly in between the
C-termmings of HSA and mature TL-18AV without the addition of a flewble linker. Using the HEK-Blue 1L-18
reporter cell assay as a readout, we exposed these cells to a titration of FUSE-302 (HSA-EKpp-IL-18mu?AVor
FUSE-304 (HSA-EKAL~1 80wt AV) with or without treatment with EX. The biological activity, measured as the
ECS0-SEAP, of FUSE-502 {(panel () 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 1o cleave off the IL-13mu2AV fragment from FUSE-504 and FUSE-302 led to restoration of biclogical
activity. fo the case of FUSE-502, treatment with EX resulted in biological activity that was vot substantially
different from recombinant buman mature IL-18 {panel £}, For FUSE-504, although the vast majority of biclogical
activity was restored following treatment with EK potency remained reduced by ~3 fold compared o recombinant
human mature IL-18 (panel D). The ECS0-SEAP for each compound is shown in panel E. Given that FUSE-504
and FUSE-302 both harbor the same IL-18mu2 AV, the difference i activity after demasking with EK could not
be explained by any difference in YL-18 varant. Rather, we observed that FK was far less efficient at releasing 1L~

{82 AY from FUSE-504 (<20% cleavage efficiency) than FUSE-5302 (>85% cleavage efficiency}. Hence, the
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reduced biological activity observed from EK cleaved FUSE-504 versus EX cleaved <502 was the result of less T~
18mutZ AV being released by the former compared to the latter. We hypothesize that the lack of a flexible hinker
between the C-terminus of HAS and IL-18mut2AY in FUSE-504 resulted 1n a mostly inaceessible EK cleavage
site. In contrast, the propeptide incorporated into FUSE-502 allowed for sufficient access of EK fo tis cleavage site
for efficient release of IL~-18oui? AV, Taken together with data obtained from the Fe fusions, the resulis indicate
strongly that in the context of an HSA-IL-18mut2 AV fusion protein, the propeptide 1s not reguired for masking of
TL-18mut2AY biological activity but is rather the consequence of steric hindrance mediated by the protein fused
to the N-ternunal of IL~18mut?AV. As such, thus data provides finther support that any N-terminal protein of
sufficient size would be capable of masking the biclogical activity of H-18mut2 AV and that an EK cleavage site
containing linker of sufficient size to allow access to EK, when incorporated between the Fe, HAS or other N-
terminal protein mask and IL-180uitZ AV, would substitute for the EK containing propeptide. Further, should such
MN-terounal masking protein or fragment thereof be engineered or naturally be transported through the Endoplasmic
Reticulum (ER), this would result in expression viclds from transient transfection of manvmalian cells such as Expi-
{CHO acceptable for therapeutic development.

j0167] As shown i figure 8, we examined the impact of the propeptide on the biological activity of a
single IL-18AV fused to the N-terminus of Ig(G1 Fo. Panels A and B are exemplary illustrations of L-18AY fissed
on the knob of a knob #to hole 1gG1-Fo domain with the propeptide (FUSE-499; Fo-pp-IL-18AV; panel A} or
without the propeptide (FUSE-300; Fe-IL-18AV. panel B}, In this case, we used a wild tvpe propeptide i which
all cysteine residaes were substituted for valine but the Caspase 1 site was maintained. To allow for translocation
of both constructs mto the Endoplasmic Reticnhum (ER) of manumabian cells and hence expression/secretion, the
signal peptide from the Ig Kappa chain (IgK leader) was encoded upstream of cither the propeptide of FUSE-499
or the TL-18AV of FUSE-500. Using the HEK-Blue 1L-18 reporier cell assay as a readout, we examuned the
capacity of our C—V (AV) propeptide to mask HL-18AV (FUSE-499) and the ability of Caspase 1 to
demask/restore biological activity. The biological activity, measared as the ECS0-SEAP, of FUSE499 was highly
attenuated compared to human recombinant -1 at the order of 50,000 fold {panel C). In contrast, m the absence
of the propeptide in FUSE-300, there was no reduction in biological activity compared to human recombmant [L-
18, indicating that i the absence of a the propeptide {or another polvpeptide) attached 1o the Neterninus of mature
iL-18, the [L-18-Fc¢ fusion protein is fdly finctional. Importantly, de-masking of FUSE-499 with Caspase 1
resulted in restoration of biokogical activity that was not appreciably difforent from to human recombinant IL-18,
Treatment of FUSE-500, which did not contain a masking domain nor Caspase | cleavage site, with Caspase 1
served as a negattve coutrol and indeed had no effect on biological activity. This data mdicates that in the
configuration whereby IL-18AV is linked to the N-ternunus of an Ig(, the propeptide is required for attenuation.
Taken together with our previous data that a CH3 domain or HSA attenuated the biclogical activity of IL-18AV
and 1L-18mut? AV when fused to the N-terminus of cach 1L-18 variant without the presence of a propeptide, we

bvnothesize that anv nobvpentide of sufficient size fused 1o the N-termunal of mature HL~18 and/or #ts vanants and
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fragments thereof would be capable of masking the biological activity of T1-18. While the smallest polypeptide
tested was the propeptide (~6 kDa}, polvpeptides as small as 2 kDa would also be of sufficient size. In vanious
embodiments, the short polypeptide or protein being about 2 kDa or no greater than 250 kDa. Fusther, the
propeptide o FUSE-499 is not naturally transported through the ER but was engineered to do so via addition of an
IgK leader sequence upstream 1o 1. This indicates that any polypeptide of sufficient size fused to the N-terminus
of matare IL-18 and/or its variants and fragments thereof would be expected 1o attenvate the biclogical activity of
{L-18. That is, the N-terovinal polypeptide might naturally translocate into the Endoplasmic Reticulum (ERj or it
may be engincered to do so. In both cases, transport through the ER 13 important for obtaming expression yields
from transient transtection of marmalian cells such as Expi-CHO acceptable for therapeutic development.
[0168] As shown in figures 9A-91, we examined whether proteases other than the proof of concept EK
could be used to demask/activaie pro-1L-18. As such, we chose {(a} the matrix metatloproteinase (MMP), MMP2,
reported to be preferentially over-expressed w the umor microenvironment and (b) Granzvime B, whuch s released
by evitotoxic lvmphocyies 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 (Fe-EKpp-1L-18AV) with
the (o} the MMP2/9 cleavage sequence (GPLGVR (SEQ ID NOG:89)) to generate FUSE-486 {Fe-MMP2pp-iL-
18AV) and (b} the MMP9/2 cleavage sequence (VHMPLGFLGP (SEQ ID NO:9O)) to generate FUSEA487 (Fe-
MMPZ/Spp-1L-18AV). (Desnovers et al, Soi Tramsl Med. 2013 Oct 1632072072144} In cach case, the MMP
to the left of the forward slash preferentially cleaves the aforementioned peptide sequence. For Granzyme B, we
substituted the EK cleavage stte within the propeptide (pp} of both FUSE-442 (Fc-EKpp-1L-18AV} and FUSE-
424 (Fo-EKpp-AL-18mutZAY) with a prototypical cleavage site for Granzyme B (IEQD (SEQ 1D NO:8R)); thus,
generating FUSE~ES (Fo-GzmBpp-IL-18AV} and FUSE-462 (Fe-GzonBpp-TL-18nut2 AV). FUSE-486, FUSE-
487, FUSE~48S and FUSE-462 are illustrated in FiGs. 9A and 9D, Using the HEK-Blue [L~13 reporter cell assay
as a readout, we exposed these cells to a titration of {a) FUSE-486 or FUSE-487 (9B) with or without treatment
with recombinant buman MMP2 or (by FUSE~485 or FUSE-462 with or without recombinant human Granzyme
B (FUSE-485 and FUSE-462) (see FIG. 9D). The biological activity, measured as the ECS50-SEAP, of the MMP
prodrug fusions, FUSE486 and FUSEA4S7, 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-
18AY fragment was restored to within 3-fold that of thil~18. Next, we added a Granzyme B cleavage site
momediately C-torminal to the MIMP site in FUSE446 1o create FUSESR7 (black triangle). As scen m FIG. 9C,
FUSES87 was about 3,000-fold attenuated relative to recombinant human 11L-18.

{61o%] Interestingly, we observed that cleavage of FUSESS87 verth MMP2 released and H~18AV variant
that was stidl about 100-fold aticnuated relative to recombinant 1L-18. In contrast, cleavage with Granzyme B
released an -1 8AV varant with activity simmifar activity as recombinant IL-18. Cleavage with Granzyne B resulis
mn release of mature IL-18AV without anv N+emminal residues constituting an overhang, whereas 11 and 15 amino

acid N-terminal volvoeotide overhanes remam afler cleavage of FUSEA486 and FUSESST. respectivelv. with
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MMP2. We speculated that these overhangs nught be attenoating HL-T8AY activity, albeit to a lesser degree than
the full size variant propeptide. This phenomenon was finther investigated tn FIG. 1 and FIG. 13.

{0174] FUSE-485 and FUSE-462 were also highly attenuated compared to human recombinant 1 -18 at
the orders of >135,000-old (9 and 9F). Treatment with recombinant buman Granzyme B (thGb), desigoed to
cleave off the TL-18AV fragment and the BL-18mut2 AV fragment from FUSE-485 and FUSE-462, respectively,
fed fo restoration of biological activity. In both cases, the masked H-18 vasiants displayed nearly identical
attenuation and the restored biological activity was about 2-fold weaker than recombinant human mature IL-1%
Further, we did not observe an appreciable ditference between the activity of the demasked 1L-18AV and IL-
18mu2AV.

{0171} Summary tables of the potencies (EC50-SEAP) for cach of the test articles 1s shown below FIGs
9A-98 and in FIG. OF.

[0172] We next examined whether our finding could form the basis for a plug and play masked 11.-1%
platform for targeting pro-IL-18 varants to cell surface protems ncluding but not himated to tumor associated
antigens (TAA). As such, we used Cetuximab as our proof-ofe-concept TAA targeting protein {or pro-IL~18 fusion.
Cetuximab 15 an EGFR targeting monoclonal antibody that is commeercially used for the treatment of muitiple
cancer indications ncluding colorectal and head and neck cancer. Fust, we fused a Granzynie B cleavable pp-1i-
18AV onto the Cerminus of Cetuxinab’s Fo domatn. We found that fusion of pp-Gh-IL~18AY onto the CH3
domain of Cetuximab, that forms a natural homodimer, expressed poorly. This was presumably due fo the presence
of two fabs because a knob into hole IgG1 format m which ppGb-IL-18AY was fused to the C-terminus knobs {or
hole) and the EGR specitic fab was fused to the N-terminal knob {or hole} expressed well. FUSE-517 (Cetaximab
KiH ppGhb-TL-18-AV}, as tllustrated in panel G consists of the fab from Cetuximab fissed to the N-terminus of the
Foknob and ppGh-IL-18AY fused to the C-terminus of the Fe-knob. Using the HEK-Blue IL-18 reporter coll assay
as a readout, we exposed these cells to a titration of FUSE-S17 (9H) with or without treatment with thGh. Relative
to hil~18, FUSE-517 was highly attenuated at the order of >250,000-fold. Treatment of FUSE-317 with thGb,
designed to cleave oft IL-18AV, led to the restoration of iological activity within 2-fold that of ddL-18.

[3173] FIG. 91 is summary tables of potencies (ECS0-SEAP) related to the data shown i FIG. 91
Overall, the data indicates strongly that both MMP2 and granzyme B are capable of demasking/activating IL-18AY
{and IL~-18mut2 AV with Granzyme B} in the context of a pp mask fused m-between an 1glG CH3 domaimn 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 [L-18, our observation suggests strongly that masked
fusion proteins of 1L-18, its variants or fragments thercof can be engincered to be selectively activated by proteases
found in tumors/inflamed tumors including MMPs and Granzymes. As shown o figure 10, we examined the
susceptibility of select 1L~18 vanants o atterwation of biological activity by its natural antagonist, IL-18 BP. Panel

A of figure 10 15 an ilustraton of the TL-18 fusion proteins examined. That 1s, FUSE-442 (Fo-ERpp-TL-18AV)
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and FUSE-424 (Fe-EKpp-IL-18mut2AV). Both varants contam the same cysteine 1o valine substitutions,
however, FUSE-424 harbors a mabure IL-18AV (termed IL-18mat2 AV} downstream of the polypeptide (pp) that
inchudes the following mutations: M31K, K53G, M60L and M113V. These four residues within the mature 18
kDa fragment of TL-18 were previously deseribed as important to binding/masking of wild type IE-18. We therefore
hypothesized that substitution of these residues would reduce binding of [L-18 BP such that TL-18AVinut2 would
maintain bioclogical activity in the presence of IL-18BP, which s ofien over-represented relative to 1L-18 m the
tumor microcnvironment (TME). As in previous examples, HEK Blue TL-1% was used fo assess hiclogical activity
via MYDSR driven SEAP and potency reported as the ECS0-SEAP. FUSE-442 (Fo-EKpp-IL-18AV) and FUSE-
424 (Fe-EKpp-IL- Bmut2 AV) were treated with EK to release mature IL-18AV or IL-18mut2 AV, respoctively.
Each cleavage product was then titrated from 1 pg/mi to 1 peg/mi in media alone or media containing 1.25 pg/mi
human recombinant H-18-8BP (wil-18-BP). Human recombinant f1-18 {(ull-18) was used as the reference
molecule for witd type inhibttion of HEK Bluc 1L-18 reporter activity mediated by rhll~18BP. Parels B (thL-18),
D (FUSE-442), and F (FUSE-424) arc non-lincar x-v plots of SEAP release (1L-18R reporter activity} on the y-
axis versus the concentration of test article on the x-axis m the presence or absence of IL-18BP. A summary of
biclogical potencies (EC50-SEAP) relevant to each graph is shown as panels C, E, and G (beneath each x-y plot).
Asis well documented, we observed strong attenuation of thil-18 by thil -18BP in the order of at least 360-1000-
fold. For [L-18AV released from FUSE442, we observed about 100 to 150-fold attenuation of biological activity
{i.e., ~3-6 fold less than thiL-18) suggesting that apparent athinity of [L-18AV tor IL-18BP is weaker than that of
thil-18 for [L-18BP. Importantly, the cleavage product of FUSE424, [L-18mutZAV, appeared resistant to
biological atterwation by thiL-18BP. As seen in panel F, we observed no appreciable difference in biological
activity between 1L~ 18rmut? AV released from FUSE424 and the same molecule exposed to rhL-18BP. This data
suggests strongly that TL-18mut2 AV binds with far weaker apparent affinity to rhiL-13BP compared to TL-18AV
or thiL-18. As such, a masked version of IL-18mut2 AV designed to be released by proteases present in the TME
inchuding but not limited to MMPZ, 9 and 14 and/or proteases released i inflamed tumors inchiding but not imited
to Granzymes A, B and M may be predicted to function in the presence of [L~18BP fo promote anti-tumor activity

via multiple pathways imcluding but not hratted to IFNy mediated Thi and Tel activity.

Fxample 2
{0174} As shown wn figure |, we examined the impact of the size of polypeptides fused to the N-
termanus of mature I1-18 on the bwlogical activity of a single IL-18AV fused to the Nterounus of IgG1 Fo. Panels
A are exemnplary ilhustrations of IL-18AV fused on the knob of a knob into hole IgGi-Fe domaim with different
size polypeptides ranging from a propeptide varant (FUSE-499; described in FIg. 18) to 35 amino acids
(FUSET50} to 135 amino acids (FUSE757 and FUSET58). To allow for translocation of all constructs into the
Fodoplasmic Reticulwn (ER) of mamumnalian cells and hence expression/secretion, the signal peptide from the Ig

Kappa chamn (IgK leader) was encoded upstream of the polyvpeptides {and cleaved off the signal peptidase m the
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ER). The polvpeptides of FUSET36 and FUSET57 are made up of a series of glyeine and serine residucs whereas
that of FUSE738 is the sequence of the overhang generated by MMPZ mediated cleavage of the MMP cleavage
site, KPLGLQARVVGGGG (SEQ 1D NO2352). In these three cases, the C-terminus of the MN-terminal
polypeptides also incorporated the Granzyme B site, IEQD (SEQ 1D NO:88). Using the HEK-Blue HL.-18 reporter
cell assay as a readout, we examined the capacity of the different size polypeptides o attenuate/mask IL-18AV-Fe
{FUSE300; closed squares) or thiL-18 {black cross hatches X3 All polypeptides fused to the N-terminus of
mature H-18AV reduced biclogical activity, measured as EC50-SEAP, by at least 100-fold. FUSE499 (closed
triangles) was the most attenuated >-10,000-fold). FUSETST {closed diamonds) and 738 {open reverse trnangle),
both of which included ] 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 tniangles), which contained a
polypeptide of 31 amino acids polvpeptides fused to the N-terminus of mature H.-18AV was approximately 1000-
fold less biologically active relative to FUSES00 or rhil-18. Thus, all polvpeptides tested and larger proteins
mcluding HSA and fragments of {gG from previous examples, fused 1o the N-temunus of mature H-184AV,
regardless of size or amino acid constitution, attenvated the biological activity of mature TL-18. The degree of
attenuation appears to correlate positively with the size of the polypeptide/protein fused to the N-terminus of IL-

i8.

Fxample 3
Technigues and Procedures
HEK-Blue-11.-18 cell activation assay with 1118 or FUSE proteins
{0175] HEK-BLUE™-1L-18 cells from Iovivogen were maintained in culture medivo (DMEM medium
with 4.3 g/1. glucose, 2 mM L-Glutamine, 109 (v/v) heat-inactivated fetal bovine seram, 100 U/mL peniaitlin, 100
wg/ml streptomyein, 100 pg/mL Normoein and 1+ HEK-blue selection reagent). HEK-BLUE™ [L-18 celis are
engineered from the human embryonic kidney 293 (HEK293} cell fine to stably express genes encoding the H-18
receptor (IL-18R) and TL-1R receptor accessory protem (HL~18RAP) and express an NF-Kb/AP-1-inducible
secreted embryvome alkaline phosphatase (SEAP) reporter gene, therefore being usefid for detection of bioactive
1L-18 by montoring the activation of the NF-Kb and AP-1 pathways via quantification m the supematant of the
SEAP level (which is produced upon activation of NF-Kb} with a sohution such as QUANTI-BLUE™ Solution.
In addition, the respouses 1o buman TNF-g and HL- 1B have been blocked i HEK-BLUE™ {L~18 cells, and so the
HEK-BLUE™ {1.-18 cells are responstve specifically to 1L-18.
{6178] On the day of experiment setap, 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 i pre-wamed testing medum (DMEM with 4.5 g/L. glucose, 2 mM L-Glutamnine, 10%

{v/v) heat-inactivated FBS, 100 U/l peniciilin, and 100 ug/mL streptorayein) at the density of $#10° cell per mLL.
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To seed the cells (50000 cells per well), 100 uL of resuspended HEK-Blue-1L-18 cells were added to designated
wells in S6-well plate.

[0177] For protein preparation, FUSE proteins were difuted in tosting moediom from 500000 pg/mL to
6.4 pg/ml. (2= of final concentrationy by S-fold serial difution. I-18 was also diluted in testing medin from 800
pe/ml to 1.28 pg/mL (2% of final concentration) by 3-fold serial ditution. To treat HEK-Blue-[1~18 celis, 100 ul.
of prepared 1L-18 or FUSE proteins were added to the designated wells with 50000 cclis 10 the 86-well plate, and
then the proteins were gently nuxed the cells. The 96-well plate was then incobated at 37°C with 5% CO; for 24
hours.

{0178] Adfter 24-hour activation, HEK-Blue-1L-18 cells released scoreted alkaline phosphatase m the
supernatant. 20 pl, of HEK-Blue-JL-18 celi culture supematant was transferred 1o a new 96-well plate. Meanwhile,
QUANTI-Blue solution from Invivogen was prepared by adding 1 mb of OB reagent and 1 L of OB buffer to
98 ml. of sterile water. 180 pl. of propared QUANTI-Blue sohition was then added to the 96~well plate with 20
gl of HEK-Blue-IL-15 cell culture supematant and mcubated at 37°C for 4 hours. The level of secreted alkaline
phosphatase related to HEK-Bloe-IL-18 cell activation was detected by measuring the OD at 630 nm nsing a
spectrophotometer.

HEK-Blue-1L-18 cell activation assay with enterokinase (EK}-cleaved FUSE proteins

[8179] HEK-Blue~IL-18 cells from Invivogen were maintained in culfure medium. On the day of
experiment setap, 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-Bhie-1L-18 cells wers resuspended 1n pre-
warmed testing medium at the density of 310 cell per mL. To seed the cells (30000 cells per well), 100 pb of
resuspended HEK-Blue-TL-18 cells were added to designated wells in 96-well plate.

{8189] For FUSE protem 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 ull. The tube
was then incubated at 25 °C for 40 minutes. After 40-minute mcubation, cleaved FUSE proteins were diluted in
testing medium from 500000 pe/ml to 6.4 pg/ml (2 of final concentration) by 5-fold serial dilution. TL-18 was
also diluted n festing medivm from 800 pg/ml 10 1.28 pg/ml (27 of final concentration) by 5-fold senal didution.
To treat HEK-Blue-1L-18 cells, 100 uL of prepared 1L-18 or cleaved FUSE proteins were added to the designated
wells with 50000 cells in the 96-well plate and then gently mixed the cclls with proteins. The 96-well plate was
then incubated at 37°C with 3% CO; for 24 hours.

{0181 Afier 24-hour activation, 20 b of HEK-Bluc-IL-18 ccll cultere supomatant with scercted
alkaline phosphatase was transferred (o a new 96-well plate. Meanwhile, GUANTI-Bhue solation was prepared by
adding 1 mb of QB reagent and 1 mbL of QB butffer to 98 mL of sterife water. 180 uL of prepared QUANTE-Blue

sohution was then added to the Y6-well plate with 20 ul. of HEK-Blue-1L.~18 cell culture supematant and incubated
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at 37°C for 4 hours. The level of secreted alkaline phosphatase related to HEK-Blue-H.-18 cell activation was
detected by measuring the 0D at 630 nm using a spectrophotometer.

HEK-Blue-T1-18 cell activation assay with matrix metalloproteinase (MMP)-cleaved FUSE proteins
[0182] HEK-Blue-1L-18 cells from Iovivogen were meamtamed o culfure medium. On the day of
experiment setup, HER-Blue-11~18 cells were gently rinsed twice with pre~warmed phosphate buffered saline
(PES) and then detached in PBS by tapping the flask. Detached HEK-Blue-1L-18 cells were resuspended in pre-
warmed testing medium at the density of 3x10° cell per mL. To seed the cells (50000 cells per well), 100 L of
resuspended HEK-Blue-FL.-1¥ cells were added to designated wells m 96-welk plate.

{0183] For FUSE protemn cleavage, 1 pg 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 CaClz, 1500 meM Na(ll, 0.5% (w/iv) Bryj-33, pH
7.5),) in atube. Sterife water was added to the tibe to bring the tofal reaction volume to 28 pl. The tube was then
mncubated at 37 °C for 2 bowrs. Afier 2-hour incubation, cleaved FUSE proteins were difuted in testing mednmm
from 300000 pg/mL to 6.4 pg/mlL (2~ of final concentration) by 5-fold sexial dilution. IL-18 was also dituted m
testing medium from 800 pg/mL to 1.28 pg/mL (2~ of final concentration} by 5-fold serial dilution. To treat HEX-
Blue-1L-18 cells, 100 pl of prepared U~18 or cleaved FUSE proteins were added to the designated wells with
30000 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,

{6184] Afler 24-hour activation, 20 pb of HEK-Blue-IL-18 cell cultwre supematant with secreted
alkaline phosphatase was transferred to anew 96-well plate. Meanwinle, QUANTI-Blue solution was prepared by
adding 1 mi. of B reagent and 1 mb of QB buffor to 98 mi. of stenle water. 180 uL. of prepared QUANTI-Blue
solution was then added to the 96-well plate with 20 pL of HEK-Blue-TL-18 cell culture superatant and mncubated
at 37°C for 4 hours. The level of seoreted alkaline phosphatase related to HEK-Blue-TL-18 cell activation was
detected by measwring the 8D at 630 nm using a spectrophotometer.

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

[0185] HEK-Blue-1L-18 cells from Invivogen were mamtained ® culture medium. On the day of
expertment setup, HERK-Blue-T1~18 cells were gently rinsed twice with pre-wammed phosphate butfered saline
(PBS} and then detached in PBS by tapping the flask. Detached HEK-Blue-1L-18 cells were resuspended in pre-
warnted testing medium at the density of 3x10° cell per mL. To seed the cells (30000 cells per well), 100 L of
resuspended HERK-Blue-TL-18 cells were added to designated wells m 96-well plate.

{3186] For FUSE protein cleavage, 14 pg of FUSE protein was mixed with 0.5 unit of Caspasc enzyme
and 2.8 pL of 10~ assay buffer (500 mM Hepes, pH 7.2, 500 mM NaCl, 1% Chaps, 100 mM EDTA, 50% Glycerol,
and 100 mM DTT) o atube. Sterle water was added to the tube to bring the total reaction volurne to 28 pl. The
tube was then incubated at 37 °C for 2 hours. Affer 2-howr incubation, cleaved FUSE protems were diluted m

testing medium from SO0000 pe/ml o 6.4 pg/ml. (27 of final concentration) by S-fold serial dilution. IL~18 was
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also diluted m testing medinm from 800 pg/ml to 1.28 pe/mL (27 of final concentration) by 5-fold senal didution.
To treat HEK-Blue-11-18 cells, 100 uL of prepared HL~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 houss.

[0187] After 24-hour activation, 20 ul. of HER-Blue-IL~-18 cell culture supematant with secreted
atkaline phosphatase was transfersed o anew 96-well plate. Meanwhile, QUANTI-Blue solution was prepared by
adding 1 mL of OB reagent and 1 mL of QB buffer to 98 mL of stentfe water. 180 ub of prepared QUANTL-Blue
solution was then added to the Y6-well plate with 20 ull of HEK-Blue-HL.-1§ cell cultre supermatant and incubated
at 37°C for 4 hours. The level of scercted alkaline phosphatase related to HEK-Blue-IL-18 cell activation was
detected by measuring the 0D at 630 nm using a spectrophotometer.

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

[318§] HEK-Blae-TL-18 cells from Invivogen were maintained i culture medinm. 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-Bhie-11L-18 cells wese resuspended 1 pre-
warmed testing medium at the density of 5% 1P cell per mL. To sced the cells (30000 cells per well), 100 uL of
resuspended HEK-Blue-TL-18 cells were added to designated wells i 96-well plate.

[0189] Mature active buman granzyoe B was generated by cleaving human pro~granzyme B using EK
enzvme. In brief] 4 pg of human pro-granzyme B was mixed with 40 ng of EK enzyme and 2 pl of 10x PBS mna
tube. Stenle water was added to the tabe o bring the wial reaction volume to 20 yL. 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 ug of fuse proteins were mixed with 1 ug of activated human granzvme B in assay buffer (30
mM HEPES (pH 7.4}, 100 mM Na(l, 0.1% CHAPS, 1 aM EDTA, 10% Glveerol) and incubated for certain time
mdicated in cach experiment at 37C.

{06199] Granzyme B-cleaved fuse proteins were then dihted in testing medium from 500000 pg/mL to
6.4 pg/mb. (2 of final concentrationy by 5-fold serial difution. H-18 was also diluted in testing medinm from 800
p/mi to 1.28 pg/mb (2> of final concentration) by 3-fold serial ditution. To treat HEK-Blue-H.-18 cells, 1060 ud.
of prepared IL-~138 or cleaved FUSE proteins were added to the designated wells with 50000 cells in the 96-well
plate and then gently mixed the celle with protems. The 96~well plate was then mcuhated at 37°C with 5% CO: for
24 howrs.

{0191] After 24-hour activation, 20 pb of HEK-Blue-IL-18 cell culture supematant with secreted
alkaline phosphatase was tragsterred to anew 96-well plate. Meanwhile, QUANTIL-Blue solution was prepared by
adding | ml of QB wagent and 1 mL of OB buffer to 98 ml. of stenle water. 180 ul. of prepared QUANTI-Blue

solution was then added to the 96-well plate with 20 pL. of HEK-Bhue-L-18 cell culture supernatant and meubated
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at 37°C for 4 hours. The level of secreted alkaline phosphatase related to HEK-Blue-H.-18 cell activation was
detected by measuring the 0D at 630 nm using a spectrophotometer.

HL-18BP bleckage of 1L-18 or FUSE protein-induced HEK-Blue-1L-18 cell activation

[0192] HEK-Blue-1L-18 cells from Iovivogen were meamtamed o culfure medium. On the day of
experiment setup, HER-Blue-11~18 cells were gently rinsed twice with pre~warmed phosphate buffered saline
(PES) and then detached in PBS by tapping the flask. Detached HEK-Blue-1L-18 cells were resuspended in pre-
warmed testing medium at the density of 3x10° cell per mL. To seed the cells (50000 cells per well), 100 L of
resuspended HEK-Blue-FL.-1¥ cells were added to designated wells m 96-welk plate.

[0193] Non-cleaved or cleaved FUSE protems were prepared in testing medium from 1000000 pg/mito
12.8 pg/ml (4x of final concentration) by 3-fold serial dilution. HL~18BP was diluted in testing mediom at the
concentration of 35,000,000 pg/mi (4% of final concentration}. To treat HEK-Blue-L-18 cells, 50 ul. of prepared
non-cleaved or cleaved FUSE proteins and 30 pl of prepared TL-18BP were mixed, incubated for | hour, and then
added to the designated wells with 50000 cells in the 96-well plate and then gently mixed the cells with protems.
The 96-well plate was then incubated at 37°C with 5% CO, for 24 hoars. Since our fusion proteins have attenvated
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 1IL-18R and 1L-18BP compete for binding to 1L-18. The rocent crystal
structures of bmary and temary complexes of bil-18 with s receptors have shown that 1L-18BP competes directly
with the hiL-18Ra D3 domam for bindmg hil-18, overapping the previousty dentified hIL-I8 binding site 11
(Kromm, et al., Acio Crystadlogr 8 Struct Biof Commum. 2015 Jan 1) TP 6y T10-71T).

{0194] After 24-hour activation, 20 ul of HEK-Blue-1L-18 cell culture supematant with secreted
alkatine phosphatase was transterred 10 a2 new 96-well plate. Meanwhile, QUANTI-Blue sohtion was prepared by
adding | mL of QB reagent and | mL of QB bufler to 98 mL of stenile water. 180 ul of prepared QUANTI-Blue
solution was then added to the 96-well plate with 20 yl. of HEK-Bhie-H_~18 cell colbure supernatant and mcobated
at 37°C for 4 hours. The level of secreted alkalme phosphatase related to HEK-Blue-H.-18 cell activation was
detected by measuring the OD at 630 no using a spectrophotometer,

Binding assay by Biolayer Interferometry

{3195] Coating proteins were prepared in 1xPBS with 0.02% Tween-20 with the final concentration of
13 ug/md. Capturing protein were also prepared, and serial diluted {(4-fold dihution ranging from 400 nM to 1.6 oM}
m IXPBS with 0.02% Tween-20. The biosensors wete pre-moistened m 200 ul, of 14PBS with 0.02% Tween-20
for 10 munutes. Meanwhile, Octet BLI systern (ForteBio) was prewared for 30 minutes and the flow rate was set
to 1000 rpm. The biosensors {Capture biosensor) were soaked in 250 ull of 1xPBS with 0.02% Tween-20 for 60
seconds at 30°C to get an imitial bascline reading. After the 60-second bascling reading, the biosensors were exposed
o coating proteins for 300 seconds at 30°C for the association between antibody and the biosensors {coupling

coating profeins with biosensor}. The biosensors with coating proteins wers then exposed {0 capturing protems in
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250 b of IxPBS with 0.02% Tween-20 at 30°C for 300 seconds for the association reaction between the coating
proteins and caphuring proteins {association curve}. After 300-second association reaction between coating proteins
and capturing proteins, the hiosensors with coating proteins and capturing proteins were then exposed to 230 ul. of
1>PBS with 0.02% Tween-20 at 30°C for 300 seconds for the dissociation reaction between coating proteins and
capturing protems {dissociation curve). For binding to IL18BP, each IL18 mutant was coated onto AHC biosensor
tips and probed with recombinant His tageed IL-18BP at concentrations ranging from 400 nM to 1.6 sM. For
binding to IL18Rg, His tagged 1L18Ra was coated into nickel biosensor tips and probed with recombinant cach
1L18 nurtant at concentrations ranging from 400 nM to 1.6 nM. The binding affinity was calculated by the buiht-in

data fitting algorithm.

“xample 4
{3196] As shown m figure 12, we engmecred eleven mutands of human 1L-18 (L~18AV shown) and
measired therr ability to bind recombinant buman HL-18BP and recombinant human IL-13RA {also termed 1.~
18Ry, All test articles were generated as Fe fusion protemns with the H.-18 vartant fused to the N-terminug of the
Fe (see FIG. 11A). The locations and amino acid substations associated with cach variant are depicted in FIG. 12A.
{9197] To assess binding to human H18BP or huwman IL18Re, kinetic binding graphs were generated
via Bio-Layer Interferometry (BLID using an Octet system (ForteBio}. For binding to ILI18BP, cach 1118 nutant
was coated onto AHC biosensor tips and probed with recombinant Fis tagged IL-18BP at concentrations ranging
from 400 nM to 1.6 nM(FIG. 128}, For binding to TL18Ra, His tagged 11.18Ra was coated mito nickel biosensor
tips and probed with recombinant each 1118 mutant at concentrations ranging from 400 nM 1o 1.6 nM (FIG. 12D,
Sunanary tables tor binding to 1L-18BP and ILIR-RA (binding affintty (KD}, on wate (k-on) and off rate (k-dis})
are shown in FHGs 12C and 12E, respectively.
{06198] All eleven IE~18 mutants bound to IL18BP with weaker affinity than FUSES00 (wild tvpe human
1L-18-AV-F¢). Five mutants were assoctated with po appreciable binding. These are FUSES345, FUSES99,
FUSEG00, FUSEGROT and FUSEGG2.
[6199] In contrast, all eleven mutants maintained appreciable binding to TL18RA. The atfinities ranged
from 11 nM to 30 nM, which was only between 1.5-fold and 4-fold weaker than the affinity of FUSESOO for 1L~
18RA (7.4 nM).

Fxample 5
{6286} As shown m the table below, we tabulated the binding affinities of eleven mutant vanants of
human IL-18 (HL-18AV shown) to human IL1¥BP and human ILI18Re. Fach HL.-18 protein was generated as an

Fe fusion proteins whereby the IL-18 varant was fused to the N-terminus of the Fe (see FIG. 11A).

Protein Mutant TL-BP Kd (nM) L-18Rau Kd (sM}
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1018 410 2B-0t#n
FUSES00 Wild type AV 728E-10% 7 AE-00+*
FUSE 543 e’ - 1.9E-08
FUSE 346 it 14E-07 1 SE-08
FUSE 547 atd 4 0E-08 2 6E-08
FUSE 583 mutS 32E-09 1.2E-08
FUSE 584 it 4 OE-08 3 5E-08
FUSE 383 nut? LSE-Q7 7.0B-08
FUSE 586 s 2 6E-09 1.6E-08
FUSE 399 fepiiny - 3.0E-C8
FUSE 600 muti - 1.8E-08
FUSE 601 mut 1 - 2.1E-08
FUSE 602 muti2 - L1E-08

*mean of |1 measurements, ** mean of 9 measurements
“Fwww.pnas.org/doi/10.1073/pnas 87.3.1190

w4 arthritis-rescarch biomedcentral comvarticles/10.1186/ar3293

Fxample 6

{0201} As shown n figure 13, we examined the impact of the size of polypeptides fused to the N-
ternunus of mature 1L-18 on the biological activity of a single IL-18AV fused to the N-terminus of IgG1 Fe.
{98202] A single N-torminal amino acid (FUSES74; downward open triangles) and different size
polvpeptides ranging from five anuno acids (FUSERT5) to the propeptide vadant of FUSE-499 (upward closed
triangles; see FIG. 11 for deseniption} were investigated. FUSES00 was used as the fully active control without a
Neterminal polyvpeptide.

[0203] To allow for ranstocation of all constracts into the Endoplasmic Reticulum (ER) of mannalian
cells and hence expression/sccrction, the signal peptide from the Ig Kappa chain (IgK leader} was encoded

upstream of the polvpeptides {and cleaved off the signal peptidase in the ER).

{06204] The polypeptides of FUSERTS (5 residues; closed stars), FUSERT6 {10 residues; open diamonds),
FUSET57 (15 residues; open curcles), FUSET36 (35 residues; downward closed triangles) are made up of a series

of glycine and serine residucs. The N-tenminal polypeptide associated with FUSE7SS (open upward triangles) is
the sequence of the overhang generated by MMP2 cleavage of FUSE486 (see FIG. 9). For FUSETS6, FUSETST
and FUSE758, the final four anmno acids of the N-termunal peptide consisted of the Granzyme B cleavage site,
{EQD (SEG Y NO:88) {see FIG. 11},
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{6205] Uaing the HEK-Blue TL-18 reporter cell assay as a readout, we examined the capacity of the
different size polypeptides to attenoate/mask IL-18AV-Fe (FUSES00; closed squares) or thill-18 (black erosses
“X7). All polypeptides and the single ammo acid {scrine) fissed to the N-tcrmmus of mature IL-18AV reduced
biological activity, measured as EC30-SEAP, by at least 10-fold.

{82086] The degree of attenuation increased as the size of the polypeptide mcreased, such that the rank
order of attenuation was observed as  FUSE499>FUSETS6, FUSE7S7.  FUSETSESFUSEETs,
FUSER7S>FUSEST4. A summary table of potencies (EC50-SEAP) is shown beneath the non-linear x-v graph.

Fxample 7
{0297} As shown in figire 14A-14H, we examined the impact of the substituting the cysteine residue in
the pro-peptide and cysteine residues in the mature FL18, which were fused together to form the pro-1L-18 variant
cassette, on the biological activity of each vanant using the HEK Blue 1118 assay systern. Unless otherwise stated,
the proteins were generated such that the propeptide-TL-18 variant was fused to the Ctemmunal knob or hole of a
knobs into holes lnenan IgG1 Foas previously depicted in FIG. 1A with a Granzyme B cleavage site added between
the pro-peptide variant and the mature IL18 vanant. The three varants assessed in FIG. 1 contamed serine
substitutions (FUSE480), alamune substitutions {(FUSE481) or valine substitutions (FUSE442) at all the cystemne
residues m pro~IL-18. Mature TL-18 vanants released from FUSE442 and FUSE481 were about as active as
recombinant human IL-18 whereas mature 1118 released from FUSE480 (serine substituted) was approximately
100-fold attenuated versos recombinant human 11-18 {see FIGs 1B-1D).
{0208] For this example, the variant of pro-1L~18 in which all the cysteines were substituted for valine
mnchided an N-ternunus EGFR specific VHH(FUSES 16; closed triangle) and the variaat of pro-IL-18 in which all
the cvsteines were substituted for serine included an N-termunus PD-1 speaific Fab (FUSE6S4; closed diamond).
Asin FIG. 1, biological activity of the pro-1L18 test asticles were assessed using HEK Bluoe IL18. Each was tested
as an ntact untreated protein or following exposure to recombinant human Granzyme B.
[6209] FIG 14A shows the results with FUSES 16 (closed triangle), 1o which the cysteine wsidue w 1ts
pro-peptide vadant s replaced with valine and all the cysteines 1o 1ts mature TL I8 variant are replaced by valine.
Intact FUSES 16 15 about 1600-fold attenuated relative to recombinant human 1118 and that the mature IL18 variant
released from FUSES16 (open triangle} by Granzyme B is approximately as active as recombinant human I8,
[6219] FIG 14B shows the results with FUSE694 {closed diamnond), i which the cyvsteine residue tnits
pro-peptide variant is replaced with serine and all of the cystemes w 1ts mature I 18 varant are replaced by serines.
Intact FUSES94 is greater than 10,000-f0ld attenuated relative to recombinant human 1118 and that the matore
1118 vanant released from FUSESY4 {open diamond) by Granzyme B is approximately 60-fold less active than

recombinant human IL18.
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{6211] FIG 14 shows the results with FUSERS7 (closed reverse triangle), m which the cystemne residue
in ts pro-peptide variant is replaced with threonine and all the cystemes i s matare 1118 variant are seplaced by
scrincs. Intact FUSESS? s greator than 10,000-fold attenvated relative to recombinant human 1118 and that the
owature 118 variang released from FUSESSY by Granzyme B (open reverse triangle) s approxdmately 100-fold
less active than recombimnant human TL18.

{06212] FIG 14D shows the results with FUSEE8S {closed triangle), in which the cysteme residue in its
pro-peptide vanant is weplaced with ghitamine and all the cysteines in ity matare ILI8 vanast are replaced by
serines. Intact FUSESSR s greator than 10,000-fld attenuated relative to recombinant human LIS and that the
mature IL18 variant released from FUSES8R (open tnangle) by Granzyme B is approxumately 100-fold less active
than recombinant human 118

[0213] FIG 14E shows the results with FUSESSY {closed squarg), in which the cystelne residue in s
pro-peptide variant 18 replaced with aspartic acid and all the cysteines m tts mature IL18 vanant are weplaced by
alamnes. Intact FUSEER9 ig greater about 10,000-fold attenuated relative to recombinant buman [L18 and that the
mabure IL18 variant released from FUSERSY by Granzyme B (open square} is approximately 100-fold less active
than recombinant human 1118,

{8214] FIG 14F shows the results with FUSES90 (closed reverse triangle), m which the cysteine residue
m s pro-peptide vanant is replaced with phenylalanine and all of the cysteines m its mature IL18 varant are
replaced by alanines. atact FUSERS0 is about than 10,000-fold attenuated relative to recombinant human IL18
and that the matare IL18 variant refeased from FUSESS0 by Granzyme B {open reverse trangle) is approximately
100~fold less active than recombinant human H.18.

{215] FYG 4G shows the results with FUSEY] (closed triangle), in which the cysteine residog mn ts
pro-peptide variant is replaced with isoleucine and all the cysteines m its mature 1118 vanant are replaced by
valines. Intact FUSES91 1 about 3,000-fold attenuated relative to recombinant human IL18 and that the mature
1L1% vagant rcleased from FUSESST (open tnangle) by Granzyme B is approximately 100-fold less active than
recombinant human .18,

{3216] FIG 14H shows the resulis with FUSERY2 {(closed reverse tnangle), in which the cystemme residue
m its pro-peptide vartant is replaced with histidine and all the cysteines in its mature 1118 variant are replaced by
valines. Iintact FUSES92 is greater about 3,000-fold attenuated relative to recombinant human 1118 and that the
nature {118 vanant released from FUSES92 {open reverse triangle) by Granzyme B ts approximately 100-told
less active than recombinant human 1LIS.

{02171 Summary tables of potency (EC30-SEAP) are show to the right of each non-linear x-v plot.

Example 8
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{6218] As shown in figure 15A-15B, we examined the impact of targeting pro-IL18 to within close
proximity of its receptor complex (Le., “cis activity”™). Pro-IL-18 variants tested were (a) that in winch all the
cystemne rosiducs were substituted with scuncs (pro-fL18AS, FUSE782 and FUSES2T) and (b) that in which alf
the cysteines were substituted with valines (pro-1L18AYV, FUSE783 and FUSE785). Pro-ILI8AS or pro-lLI1BAV
were fused o the Neterminal knob or hole of a PD1 specific knobs into holes antibody (FUSET782 and FUSET83).
The fab for these fusion proteins was derived from mivohiumab. To test whether targeting the pro-IL18 vanants to
P decorated on the same cell that expressed the HL-18R complex (cis effect) enhanced biological activity
compared to cells that were not decorated with PD-1 {trans effect), (1) we used HEK Blue 118 as our fLISR
complex posttive reporter systom, and (2) cither used the cell without modification or decorated the cell hine with
the ectodomatn of PD-1 using a bispecific antibody that contains a {D46 specific fab (clone YS5) on the N-terminal
hole and the PB-1 ectodomain on the N-temminal knob (FUSESRS). CD46 was chosen because of its reporied
expression the parental HEK 293 cell line (jitc. bmj.com/content/6/1/55), which we confiomed on HEK Blue HL18
{not shown}. We also generated pro-TLIRAS (FUSES27) and pro-ILIRAV (FUSE775) that were functional non
targeted in this and could only function in trans. FUSE#27 contained no targeting domain (i.e., Fe only} and
FUSET775 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. 15A and FG. 138 are nonlinear x-y plots of 1118 biological
activity versus the concentration of each test article using HEK Blue IL18 (FIG. 15A) and PD-1 decorated HEK
Blue ILI8 (FIG. 15B). As previously observed for pro-ILISAS and pro-ILI8AY, serine substitutions results m
greater attenuation than valine substitutions. As such, when HEK Bhue H18 (FIG. 15A; trans activity only), was
treated with (a) the valine mutants FUSETE3 {open reverse titangle) or FUSETYTS (closed triangle), we observed
about a 1000-t0ld attenuation welative to rocombinant human .18 and (b) the serine mumants FUSETS2 (open
triangle) and FUSER27 (closed reverse triangle), we observed about greater than a 100,000-fold attenuation relative
to recombinant haman ILI8.

{0219 With regards to cis activity (FIG. 13B using PD-1 decorated HEK Blue ILIS ), we observed
mereased biological activity from the PD-1 targeted versions of pro~-IL18AS (FUSE782; about 100-fold relative to
von targeted FUSHS27) and pro-IL18AV (FUSETE3; approximately 30-fold rclative to non targeted FUSETTS),
[6226] FUSEGY! (nivolamab) was used as the negative control antibody in both FIG. 15A and FIG. 158
. Nerbiological activity was observed from this test article. No appreciable difference was observed tnthe biclogical
activitics of recombinant human LIS or the non tarpeted test articles (FUSETTS and FUSES27), allowing for
comparison across FIG. 15A and FEG. 15B. In this context, the PD-1 targeted versions of pro-ILI8AS (FUSE782)
and pro-IL18AV (FUSE783) were about 100 and 30-fold more active when exposed to PD-1 decorated HEK Blue
11.-18 than nog-decorated HEK Blue L18.

{8221] Summary tables of the potency of each pro~IL 18 varnant are shown below each graph.
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{6222] Various embodiments of the invention are described above m the Detailed Description. While
these deseniptions directly describe the above embodiments, 1t 1s understood that those skilled in the art may
conccive modifications and/or vagations to the specific cmbodiments shown and described herein, Any such
modifications or vanations that fall within the purview of this description are mtended o be tncluded 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 accastomed mearings to those of ordnary skill in the apphicable ari(s).
[0223] The foregoing description of various embodiments of the invention known to the applicant at this
time of filing the application has been presented and 1s mtended for the purposes of illustration and descrption. The
present deseription 15 not intended to be exhaustive nor limit the invention to the precise form disclosed and many
modifications and varations are possible in the hight of the above eachings. The embodiments described serve 1o
explain the principles of the mvertion and 13 practical apphication and to enable others skilied m the art to utilize
the mvention m vanous embodiments and with various modifications as are suited to the particolar use
contemplated. Therefore, it 1s miended that the invention not be limited {o the particular embodiments disclosed for
carrving out the mvention,

[0224] While particular embodiments of the present invention have been shown and described, it will be
obvious to those skilled m the art that, based upon the teachings berein, 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
ased herein the term “comprising” or “comprises” is used i reference o compositions, methods, and respective
component(s} thereof, that are useful to an crobodument, yet open to the inclusion of vuspecified elements, whether
useful or not. ke will be understood by those within the art that, in general, terms used herein are generally intended
as “open” terms {e.g., the teom “including” should be interpreted as “including but not limited 10,7 the term “having”
should be interpreted as “having at least,” the tenm “inchudes” should be interpreted as “inchudes but is not limited
t0,” etc.). Although the open-ended term “comprising,” as a synonym of terms such as including, containing, or
having, 1s used to descrbe and claim the mvention, the present mvention, or embodiments thereof, may
alternatively be desenbed using other torms such as “consisting of” or “consisting essentially of ”

{9225] 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 {cspecially in the context of claims) may be
construed to cover both the singular and the plural. The recitation of ranges of values herein 1s merely intended to
serve as a shorthand method of seferring mdividually to cach separate value falhng within the range. Unless
otherwise indicated hercin, each individual value is incorporated into the specification as if it were individually
recited herein. All methods described herem may be performed i any suitable order unless otherwise indicated
herein or otherwise cleardy contradicted by context. The use of any and all examples, or exemplary language (for
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example, “such as™} provided with respect to certain embodiments herein 1s miended merely to better ilummate
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the applhication and does not pose a linntation on the scope of the application otherwise clamned. The abbreviation,
“eg.” is derived from the Latin exempli gratia, and is used herein o indicate a non-limiting example. Thus, the
abbreviation “e.g.” is synonymous with the term “for example” No language m the specification should be
construcd as indicating any non-clanmed clement cssential to the practice of the application. “Optional” or
“optionally” means that the subsequently deseribed circumstance mav or may not occur, 50 that the desceription
inclodes instances where the circumstance oceurs and instances where it does not. Groupings of alternative
clements or embodiments of the present disclosure disclosed heremn are not to be construed as lunitations. Hach
group member may be referred to and claimed mdividually or m any combination with other members of the group
or other elements found herein. One or more merbers of a group may be mchuded m, 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 claums.
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WHATIS CLAIMED [S:

3

6.

7.

A fusion protein, comprising:

a fust polypeptide or protein capable of translocating wto an codoplasmic reticulum (ER} or a
fragment thereof; and

an interlenkin 18 (JL-18), a fragment of H~18, an IL-18 variant, or a fragment of the 1L-18 variang,

wherein the 1L-18, the fragment of 1L-18, the 1L-18 variant, or the fragment of the 1L-18 variant
is on the Ctermunus end of the fuston protem refative to the first polypeptide or protein capable of
translocating mio the ER.
The fusion protein of claim 1, whersin the IL-18 varant has an amino acid sequence comprising amino
actd positions 37-193 of SEQ 1D NO:250 with one to five amino acid substitutions at positions F42, M37,
K89, M96, and M 149 of SEQ 1D NO:Z50.
The fusion protein of claim 1, wherein the 1L-18 vanant has an amino acid sequence comprising positions
37-193 of SEQ 1D NG:251 with one or more amine acid substitutions at positions C74, C104, C1H12, and
C164 and one to five amino acid substitutions at positions E42, M87, K9, M96, and M 149, of SEQ ID
NO:251
The tusion protein of claim 3, wherein the amino acid substitutions at one or more of €74, C104, C112,
and C164 are cach wndependently to valine, alanime or serine.
The fusion protein of claim 1, wherein the IL-18 variant has an amino acid sequence comprising positions
37-193 of SEQ ID NG:251 with one to five amino acid substitutions at positions E42, M&7, K89, M6,
and M149 of SEQ 1D NG:251
The fusion protem of any one of claims 2-5, wherein the one to five amino acid substitutions are one or
more of:

E4ZK, B42R E42A, EAZH, or E424;

MRTE, or MBTH;

K893, K8YA, or KBIE,

MO6L, or MO6L; or

MI49V or M1491
The fusion protein of any one of clatrns 2-5, wherein the one to five amino acid substitutions are

HAZK, BEAZR EAZA, F4ZH, or B2,

METK, or MRTH,

K89G, K89A, or K&9E,

MOISL, or MOSE and

M149V or M1491.
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The fusion protein of any one of clams 127, wherein the IL~18, a fragment of IL-18, an [L~18 vanant, or
a fragment of the IL-18 variant frther comprises its propeptide (PP} or a PP vanant.
The fusion protein of claim &, wherein the 1L-18 propeptide variant comprises a polypeptide having
AAEPVEDNXGINFVAMKFIDNTLYFIAEDDEN (SEG 1D NO:238), wherein X is any amino acd
except cvsteine.
The fusion protein of claim 8, wherein X is alanine, valine, iscleucine, leacin, methioning, phenylalanine,
tyrosing or tryptophan (SEQ 1D NO:239).
The fusion protein of any one of claims 8-10, wherein the fusion protein does not comprise a polypeptide
consisting of the sequence X-X:-Xs-X4 between the propeptide or propeptide variant, and the mature -
18 or mature 1L-18 variant, wherein

Xy is L or absent,

X, 15 E or absent,

Xx1s S or absent, and

Xy is D or absent, and when X, X, Xs, and Xy are present, the polypeptide consisting of the
sequence X;-Xo-Xs-Xy is LESD (SEQ 1D NO:233),.
'The fusion protein of any one of claims 9-11, wherein the PP or the PP vartant is on the N-termiaus end
relative 10 the HL-18, the fragment of [L-18, the IL-18 variant, or the fragment of the 1.-18 vartant.
The fusion protein of any one of clasms 9-11, wherem the PP orthe PP vanant serves as amasking domain.
The fusion protein of any one of claims 113, further comprising one or more protease cleavage sites.
The fusion protein of claim 14, wherein the one or more protease cleavage sites 1s

between the [L-18, a fragroent of 1L-18, an T.-18 vanant, or a fragment of the IL-18 vanant and
the first protein capable of translocating into an endoplasmic reticulum (ER) or fragment thercof, or

within the PP, between PP or the PP variant and the 1L-18, a fragment of 1118, an 1L-18 varant,
or a fragment of the HL.~18 vanant, or

within the PP, between the PP or the PP vanant and the first protein capable of translocating into
an endoplasmic reticuhum (ER} or fragment thereof, or

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

a conmbination thereof.
The fusion protein of any one of claims 1-15, further compnsing a second protein capable of translocating
nto the ER or a fragment thereof, wherein the second protein capable of translocating into the ER s on
the Cterminos end relative to the interleokin 18 (IL-18), the fragment of the IL-18, the IL-18 varant, or

the fragmont of the IL-18 variant.
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17, The fusion protein of claim 16, fither comprising a protease cleavage site between the H.-18, a fragment
of IL-18, an IL-18 vasiant, or a fragment of the IL-18 vanant and the second protein capable of
translocating nto an endoplasmic reticulum (ER) or fragment thereof.

18. The fusion proteinr of any one of claims 1-17, wherein the mterleukin 18 (IL-18}, the fragment of the IL-
13, the IL~18 varant, or the fragment of the 1L-18 variant is fused to the C-erminus of the first protein
capable of translocating into the ER.

19. "The fusion protein of any one of claims 16-18, wherein the second protein capable of translocating nto
the ER or a fragment thercof is fused to the Cenninus of the mtereukin 18 (IL-18), the fragment of the
T~18, the IL-18 variant, or the fragment of the L-18 varnant.

20, The fusion protein of any one of claims 1-19, wherein the IL-18 vanant has diminished binding to IL-18
binding protein (IL-18BP), as compared to a wild type (wi} [L-18.

AR The fusion protem of anv one of claims 1-19, wherein the IL-18 vanant having a binding affinity to the
human IL-~18 receptor (JL~-18R) within 30-fold of the wild-type 1L-18.

22, The fusion protein of any one of claims 1-19, wherein the ratio of binding affinity of the fusion proten
comprising the TL-18 variant to IL-18BP : binding affinity of the fusion protein comprising the 1L-18

variant to IL-18R is no higher than 3:1.

i
Py

The fusion protein of any one of claims 1-22, wherein the first protein capable of translocating into the ER.
or a fragment thereof 13 a globular protem, mmmoglobular protein, or a fragment thereof, or 1s a shoxt
polypeptide or protein engineered with a signal peptide for translocating into the ER, optionally the shost
polypeptide or protein being about 2kDa or no greater than 250 kDa.

24. The fusion protein of any one of clatmas 1-23, wherein the first protemn capable of translocating mto the ER
or a fragment thereof s selected from the group consisting of a fragment crvstallizable (Fe) region, human
serom albumin (HSA), betaZmicroglobulin, transforrin, fragment antigen-binding region (Fab region},
VHH antibody, single-chain vanable fragment (scFv), anticalin, designed ankyrin repeat protein

{(DARPn), abinding domam thereof, and a fragment thereof.

2
e

The fusion protein of any one of claims 1-23, wherein the first protein capable of translocating into the ER
or a fragment thereof of the fusion protein is a tvpe | transmembrane protein or a fragment thereof or a
type H transmembrane protein or a fragment theroof.

26. The fusion protein of any one of clatras 16-23, wherein the second protein capable of translocating into
the ER or a fragment thereof 1s a globular protem, munmumoglobular protein, or a tragment thereof, or s a
short polypeptide or protein engineered with a signal peptide for translocating into the ER, optionally the

short polypeptide or protein being about 2kDa or no greater than 250 kba.

)
~i

The fusion protein of any onc of clamms 16-26, whorcin the sccond protein capable of translocating into
ihe ER or a fragrocot thereof s selected from the group consisting of a fragraent crystathzable (Fe) region,

human serum albumin (HSA), betaZnucroglobuling, transferrin, fragment antigen-binding region (Fab
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region}, VHH antibody, single~chain vanable fragroent (scFv}, anticalin, designed ankyrin repeat protein
(DARPIn}, a binding domain thereof, and a fragment thereof.

The fusion protemn of any one of claims 16-26, wherein the second protein capable of translocating mto
the ER or a fragment thereof of the fission protein 1s a type I transmembrane protein or a fragment thereof,
or atype I transmembrane protein or a fragment thereof.

The fusion protein of any one of claims 24 and 27, wherein the Fe region 18 an Fo region from Ig4, IgM,
IgG, or IgE.

The fusion protemn of any one of clatras 24 and 27, wherein the Fe region is an Fe region from lg(Gd, KiH,
orlgGlL.

The fusion protein of any one of claim 24 and 27, wherein the Fe region 1s an Fe region from Knob-in-
hole, HA-TF, Xmab, ZW1, 7.8.60, Electrostatic Steering, DD-KK, EW-RVT, A107, or Ducbody.

The fusion proten of any one of claims 1-31 wherein one or more cysteines o the fusion protein is
modified.

The fusion protein of any one of claims 1231, wherein one or more cystemnes in the fusion protemn are
replaced with a natucal or non-natural amino acid.

'The fusion protein of any one of claims 1-31, wherein one or more cysteines inthe IL-18, the fragment of
HL~18, the IL.~18 vanant, or the fragment of the IL-18 variant of the fusion protein are modified or are
replaced with a natural or non-natural avuno acid.

The fusion protein of any one of claims 8-34, wherein one or more cysteines in the PP or PP vartant of the
fasion protein are modified or are replaced with a natural or non-natural amino acid.

The fusion protein of any one of claims 33-35, wherein the natural ammo acid 18 each ndependently
selected from serine and valine,

The fusion protein of any one of claims 33-35, wherein the natural amino acid is each independently
selected from thiconine, asparagine, and ghitanune,

The fusion protein of any one of claims 17-37, wherein the protease is selected from the group consisting
of EK, TEV, Adam 17, cathepsin, MMP2, MMP3, MMP 14, Granzyvme A, Granzyvme B, Granzvine M,
Granzyme K, and combinattons thereof.

The fusion protein of any one of clais 1-38, having one or more sequences as sct forth in any one in
Tables { and 4.

The tusion protemn of clamm |, having polypeptide | and polypephide 2, and optionally polypeptide 3
sclected from Table 1.

The fusion protein of clamm 1, having polypeptide 1 and polypeptide 2, and optionally polypepiide 3
sclected from Table 1, whercin polypeptide 1 and polypeptide 2, and optionally polypeptide 3 are sclected

from the same row of Table 1
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42, The fusion protein of clam 1, having polypeptide 1 selected from Table 1, wherein polypeptide 1
comprises HSA.

43 The fusion protein of any one of claims 1-42, wherein the TL-18 variant has an amino acid sequence
selected from Mature IL~18 column in Table 1.

44. The fusion protein of any one of claims 8-42, wherein the 1L-18 vanant has an amino acid sequence
selected from Mature I~18 column in Table 1, and the propeptide has an amino acid sequence selected
from Propeptide coliman in Table 1, optionally the same from the same row.

45, An -8 propeptide vanant CORIPTISING a polypeptide having
AAEPVEDNX INFVAMKFIDNTLYFIAEDDEN, wherein X, 13 any amino acid except cysteine {SEQ
ID NO:2383.

46, A polynucieotide encoding a fiision protein of any one of claims 1-44 or IL-18 propeptide variant of claim
45,
47. The polvnucleotide of claim 46, wherein the first protein capable of translocating into the ER is encoded

by a pobynucleotide having one or more sequences as set forth in Table 2.

48. The polvaucleotide of claim 46, having one or more sequences from the same row as set forth in Table 2.
49, An expression vector comprising the polynucleotide of any one of claims 46-48.

30, A cell transfected with the expression vector of claim 49,

51 A method of producing a fusion protein, comprising:

cultoring a cell transfected with an expression vector of claim 49, in cell culture mediam to allow

the fusion protein to be secreted into the cell cudture mediom.

52, The method of claim 51, wherem the fuston protem s produced at greater than 133 mg/L uoder transient
transfection i CHO cells or HEK-293 cells.
33. A method of producing interleukin 18 (IL-18), a fragment thereof, an [L-18 variant, or a fragment of the
IL-18 variant, comprising;
culturing a coll transfected with an expression vector of claim 49, n cefl culture medium to allow
a fusion protem to be produced and secreted into the extracellular space; and
contacting a protease to the fusion protein to cleave the fusion protein to produce the IL-18, the
fragment thereof, the 1L-18 variant, or the fragment of the 1L.-18 vagant.
54. The method of claim 53, further comprising isolating the fusion protein from the culture medium.
35 The method of claim 54, further cormaprising purnfying the tusion protem.
56. The method of claum 33, wherein the protease is selected from the group consisting of EK, TEV, Adam 17,
cathepsin, MMPZ, MMPO, MMP 14, Granzyme A, Granzyme B, Granzyme M, and combinations thereof.
57. The method of any onc of claims 53-56, whorem the 1118, the fragment theecof] the IL-18 variant, or the

fragroent of the TL-18 vadant is produced at greater than 135mg/L.
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