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MASKED ACTIVATABLE CYTOKINE CONSTRUCTS
AND RELATED COMPOSITIONS AND METHODS

TECHNICAL FIELD

The present disclosure relates to the field of biotechnology, and more specifically,
to activatable cytokine constructs.

BACKGROUND

Cvtokines are a family of naturally-occurring small proteins and glveoproteins
produced and secreted by most nucleated cells in respouse to viral infection and/or other
antigenic stimuli. Interferons are a subclass of cytokines. Interferons are presently
grouped into three major classes: tnterferon type 1, interferon type I, and interferon type
11 Interferons exert their cellular activities by binding to specific membrane receptors
on a cell surface.

Interferon therapy has many clinical benefits. For example, interferons are known
to up-regulate the imrmune systern and also to have antiviral and anti-proliferative
properties. These biological properties have led to the clinical use of interferons as
therapeutic agents for the treatment of viral infections and malignancies. Further,
interferons are useful for recruiting a patient’s innate immune system to identify and
attack cancer cells. Accordingly, interferon therapy has been extensively used in cancer
and antiviral therapy, including for the treatruent of hepatitis, Kaposi sarcoma, hairy cell
leukemia, chronic myeloid leukemia (CML), follicular lymphoma, renal cell cancer
(RCC), melanoma, and other disease states. However, systemic administration of
interferons is accompanied by dose-dependent toxicities, including strong flu-like
symipoms, neurclogical symptoms, hepatotoxicity, bone marrow suppression, and
arrythmia, among others. In a melanoma patient study, the combination of
Pembrolizumab and Pegylated IFNa led to an investigator-assessed objective response
rate (“ORR”} of 60.5%. The combination treatment was also associated with 49% of
(G3/G4 adverse events which required dose reduction of Pegylated [FNa {(Davar et al | J.
Clin. Oncol,, 2018). These undesired side-effects have lunited the dosage of interferou
therapies and sometimes leads to discontinuation or delay of interferon ireatment.

Interfeukins are another subclass of cytokines. Interleukins regulate cell growth,
differentiation, and motility. They are particularly important in stimulating immune
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responses, such as inflammation. Interleukins have been used for treatment of cancer,
autoimmune disorders, and other disorders. For example, interfeukin-2 (IL2) 1s indicated
for treatment of melamona, graft-versus-host disease (GVHD), neuroblastoma, renal cell
cancer {(RCCY, and 1s also considered usefial for conditions including acute coronary
syndrome, acute myeloid syndrome, atopic dermatitis, autoimmune liver diseases, basal
cell carcinoma, bladder cancer, breast cancer, candidiasis, colorectal cancer, cutaneous T-
cell lymphora, endometriomas, HIV invention, ischemic heart disease, rheumatoid
arthritis, nasopharyngeal adenocarcimoa, non-small cell lung cancer (NSCLC), ovarian
cancer, pancreatic cancer, systemic lupus erythematosus, tuberculosis, and other
disorders. Other interlenkins, such as [L-6, 1127, [1.-12, and 1L.-21, among others, are
potential treatments for cancers and other disorders. Interleukin therapy is often
accompanied by undesired side effects, including flu-like symptoms, nausea, vomiting,
diarrhea, low blood pressure, and arrhythmia, among others.

Thus, the need and desire for improved specificity and selectivity of cytokine
therapy to the desired target is of great interest. Increased targeting of cytokine
therapeutics to the disease site could reduce systemic mechanism-based toxicities and
lead to broader therapeutic utility.

SUMMARY

The present disclosure provides activatable cytokine constructs (ACCs) that
include: (a) a first monomer comprising a first peptide mask (PM1), a first mature
cytokine protein {CP1), a first and a third cleavable moieties ({CM1 and CM3), and a first
dimerization domain (DD1), wherein the CM1 is positioned between the CP1 and the
DD, and the CM3 is positioned between the PM1 and the CP1; and (b) a second
monomer comprising a second mature cytokine protein (CF2), a second cleavable moiety
(CM2), and a second dimerization domain (3D2), wherein the CMZ2 is positioned
between the CPZ and the DD2, where: the CM1, the CM2, and the CM3 functionas a
substrate for a protease; the DD1 and the DD2 bind to each other; and where the ACC is
characterized by a reduction in at least one activity of the CP1 and/or CP2 as compared to
a control level of the at least one activity of the CP1 and/or CP2. The protease(s) that
cleave the CM1, CMZ2, and CM3 may be over-expressed in diseased tissue (e.g., fumor

tissue) relative to healthy tissue. The ACC may be activated upon cleavage of the CM1,
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CM2, and/or CM3 so that the cytokine may exert its activity in the diseased tissue {e.g.,
in a tumor microenvironment) while the cytokine activity is attenuated in the context of
healthy tissue. Thus, the ACCs provided herein may provide reduced toxicity relative to
traditional cytokine therapeutics, enable higher etfective dosages of cytokine, and/or
increase the therapeutic window for the cytokine.

Provided herein are activatable cytokine constructs (ACC) that include a first
monomer construct and a second monomer construct, wherein: {a) the first monomer
construct comprises a first peptide mask (PM1), a first mature cytokine protein (CP1), a
first and a third cleavable woteties (CM1 and CM3), and a first dimenization domain
(D21}, wherein the CM1 is positioned between the CP1 and the DD, and the CM3 is
positioned between the PM1 and the CP1; and (b) the second monomer construct
comprises a second mature cytokine protein (CP2), a second cleavable moiety (CM2},
and a second dimerization domain (DD2), wherein the CM2 is positioned between the
P2 and the DD2; wherein the DB and the BD2 bind each other thereby forming a
dimer of the first monomer construct and the second monomer construct; and wherein the
ACC is characterized by having a reduced level of at least one CP1 and/or CP2 activily as
compared to a control level of the at least one CP1 and/or CP2 activity.

In some embodiments, the second monomer construct further comprises a second
peptide mask (PM2) and a fourth cleavable motety (CM4), wherein the CM4 is
positioned between the PM2 and the CP2. In some embodiments, the first monomer
construct comprises a first polypeptide that comprises the PM1, the UM3, the CP1, the
CMI1, and the DD, In some embodiments, the second monomer construct comprises a
second polypeptide that comprises the CP2, the CMZ2, and the BD2. In some
embodiments, the second monomer construct comprises a second polypeptide that
comprises the PM2, the CM4, the CP2, the CM2, and the BDD2.

In some embodiments, the PM1 comprises a sequence selected from the group
consisting of SEQ ID NOs: 328, 329, 323, and 331-369, and the CP1 is an interferon; the
PM1 comprises a sequence selected from the group consisting of SEQ 1D NOs: 328, 329,
323, and 331-364, and the CP1 is an interferon o; the PM1 comprises a sequence selected
from the group consisting of SEQ I NOs: 331-360, 362-364, and the CPl is an
interferon B: the PM1 comprises a sequence selected from the group consisting of SEQ
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1D NOs: 331-360, 366-369, and the CP1 is an interferon v; the PM1 comprises a
sequence selected from the group consisting of SEQ 1D NOs: 370-374, and the CPlisan
11-12; the PM1 comprises a sequence selected from the group consisting of 8EQ ID
NQOs: 375-382, 469-477, 478, and the CP1 is an IL-15; the PM1 comprises a sequence
selected from the group consisting of SEQ 1D NOs: 383-468, 469-478, and the CP1is an
1L-2; or the PM1 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 478 and 479, and the CP1 is an IL-21. In some embodiments, the PM2 comprises a
sequence selected from the group consisting of SEQ 1D NQOs: 328, 329, 323, and 331-
369, and the CP2 is an interferon; the PM2 comprises a sequence selected from the group
consisting of SEQ 1D NOs: 328, 329, 323, and 331-364, and the CP2 is an interferon o
the PM2 comprises a sequence selected from the group consisting of SEQ ID NOs: 331-
360, 362-364, and the CP2 is an interferon §; the PM2 comprises a sequence selected
from the group consisting of SE( 1D NOs: 331-360, 366-369, and the CP2 is an
interferon v, the PM2 comprises a sequence selected from the group consisting of SEQ
1D Ns: 370-374, and the CP2 is an IL-12; the PM2 comprises a sequence selected from
the group consisting of SEQ 1D NQs: 375-382, 469-477, 478, and the CP2 is an IL-15;
the PMZ comprises a sequence selected from the group consisting of the group consisting
of SEQ 1D NOs: 383-468, 469-478, and the CPZ2 is an IL-2; or the PM2 comprises a
sequence selected from the group consisting of SEQ ID NOs: 478 and 479, and the CP2
is an IL-21. In some embodiments, the PM1 comprises an amino acid sequence selected
from the group consisting of SEHQ 1D NQGs: 328-329, 323, and 331-479. In some
embodiments, the PM2 comprises an amino acid sequence selected from the group
consisting of SEQ ID NOs: 328-329, 323, and 331-479,

In some embodiments, the DD1 and the DD are a pair selected from the group
consisting of® a pair of F¢ domains, a sushi domain from an alpha chain of human [L-15
receptor (IL15Ra) and a soluble [L.-15; barnase and barnstar; a protein kinase A (PKA)
and an A-kinase anchoring protein (AKAP), adapter/docking tag modules based on
mutated RNase | fragments; an epitope and single domain antibody (sdAb); an epitope
and single chain variable fragment {(scFv}); and soluble N-ethyl-maleimide sensitive factor

attachment protein receptors (SNARE) modules based on interactions of the proteins
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syntaxin, synaptotagmin, synaptobrevin, and SNAP235, an antigen-binding domain and an
epitope.

In some embodiments, the I3D1 and the D2 are a pair of Fc domains. In some
embodiments, the pair of Fc domains is a pair of human Fc domains. In some
embodiments, the human Fc domains are human IgGl Fe domains, human 1gG2 Fe
domains, human IgG3 Fc domains, or human fgG4 Fc domains. In some embodiments,
the human Fc domains are human 1gG4 Fe domains. In some erbodiments, the human Fo
domains each comprise a sequence that is at least 80% identical to SEQ IDNG: 3. In
some embodiments, the buman Fo domains each comprise a sequence that 18 at least 90%,
5%, 96%, 97%, 98%, or 99% identical to SEQ 1D NO: 3. In some embodiments, the
human Fe domains comprise SEQ ID NO: 3. In some embodiments, the DD1 and the
D2 comprise SEQ 1D NOs: 318 and 319, respectively. In some embodiments, the DB
and the DD2 are the same. In some embodiments, the human Fe domains include
mutations to ehiminate glycosylation and/or to reduce Fo-gamma receptor binding. In
some embodiments, the human Fc domains comprise the mutation N297Q, N297A | or
N297G; in some emsbodiments the buman Fe domatus comprise 8 mutation at postion 234
and/or 235, for example L235E, or L234A and L235A (in {gG1), or F234A and L235A
(in 1g(G4); in some embodiments the human Fo domains are 1gG2 Fe domains that
comprise the mutations V2344, G237A, P238S, H268Q/A, V309L, A3308, or P3315, or
a combination thereof (all according to EU numbering).

Additional examples of engineered human Fc domains are known 1o those skilled
in the art.  Examples of Ig heavy chain constant region amino acids in which mutations
in at least one amino acid leads to reduced Fe function include, but are not limited {o,
mutations in amine acid 228, 233, 234, 235, 236, 237, 239, 252, 254, 256, 265, 270, 297,
318,320, 322,327,328, 330, and 331 of the heavy constant region (according to EU
numbering). Examples of combinations of mutated amino acids are also known in the
art, such as, but not limited to a combination of mutations in amino acids 234, 235, and
331, such as L234F, L235E, and P3318 or a combination of amino acids 318, 320, and
322, such as E318A K320A, and K322A.

Further examples of engineered Fe domains include
F243L/R292P/Y300L/V305Y/P396 11, S239D/1332F Ig(Gl; S239D/1332E/A330L
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1gGl; S298A/E333A/K334A; in one heavy chain,
L234Y/L235Q/G236W/S239M/BH268D/D270E/S298A 1gGl, and in the opposing heavy
chain, D270E/K326D, A330M/K334E 13, G236A/823000/I1332E 1gGT; K320W/E3338
IgG1; S267E/H268F/S324T 1gG1; E34SR/E430G/5440Y TgGl; N297A or N297Q or
N297G LgGh; L235E 190G, L.234A/L235A 1gG1; F234A/1.235A 1G4
H2068Q/V309L/A3308/P3318 1eG2;

V234 A/G23TAMPRIRS/H268A/VIOOL/AS30S/P331S Ig(G2; M25S2Y/S254T/T256E TG,
M428L/N4348 IgGl; S20TE/L328F IgGl; N3258/L328F 1gG1, and the like. 1n some
embodiments, the engineered Fe domain comprises one or more substitutions selected
from the group consisting of N297A 1gG1, N297(¢ 1gG1, and S228P 1gG4.

In some embodiments, the DD comprises an antigen-binding domain and the
D2 comprises a corresponding epitope. In some embodiments, the antigen-binding
domain is an anti-His tag antigen-binding domain and wherein the DD2 comprises a His
tag. Io some embodiments, the antigen-binding domain is a single chain variable
fragment (scFv). In some embodiments, the antigen-binding domain is a single domain
antibody (sdAb}. In some embodiments, at least one of the DD and the DD2 comprises a
dimerization domain substituent selected trom the group consisting of a non-polypeptide
polymer and a small molecule. In some embodiments, the DD and the DD2 comprise
non-polypeptide polymers covalently bound to each other. In some embodiments, the
non-poiypeptide polymer is a sulfur-containing polyethylene glycol, and wherein the
D1 and the B2 are covalently bound to each other via one or more disulfide bonds. In
some embodiments, at least one of the DD1 and the DD2 comprises a small molecule. In
some embodiments, the small molecule 13 biotin. In some embodiments, the DD1
comprises bictin and the DD2 comprises an avidin.

In some embodiments, the CP1 and the CP2 are mature cytokines. In some
embodiments, each of the CP1 and the CP2 comprise a mature cytokine sequence and
further comprise a signal peptide. A signal peptide is also referred to herein as a “signal
sequence.” In some embodiments, the CP1 and/or the CP2 is/are each individually
selected from the group consisting of. an interferon, an interleukin, GM-CSF, G-C8F,
LIF, OSM, CD154, LT-B, TNF-o, TNF-B, 4-1BBL, APRIL, CD70, CD1S3, T 78,
GITRL, LIGHT, OX40L, TALL-1, TRAIL, TWEAK, TRANCE, TGF-B1, TGF-§1,
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TGF-B3, Epo, Tpo, Fit-3L, SCF, M-CSF, and MSP, optionally wherein the CP1 and/or
the CP2 1s independently selected from 1L-2) IL-7, IL-8, IL-10, TL-12, IL-15, TL-21, an
I¥N-alpha, an IFN beta, an IFN gamma, GM-CSF, TGF-beta, LIGHT, GITR-L, CD40L,
CD27L, 4-1BB-L, OX40, and OX40L. In some embodiments, the CP1 and the CP2 are
the same. In some embodiments, the CP1 and the CP2 are different. In some
embodiments, the CP1 and/or the CP2 is/are an interferon. In some embodiments, the
CP1 and the CP2 both are an interferon. In some embodiments, the CP1 and the CP2 are
different interferons. In some embodimentis, the CP1 and the CP2 are the same interferon.
In some embodiments, one of the CP1 or the CP2 is an interferon, and the other of CP1I or
P2 is a cytokine other than an interferon. In some aspects, ong or both cytokines are
monomeric cytokines. In some aspects, one or both interferons are monomeric
inteferons. In some aspects, either CP1 or CP2 s a monomeric interferon and the other
CP1 or CP2is a different cytokine.  In some aspects, the CP1 and/or the CP2 include a
mutant cytokine sequence. In some aspects, the CP1 and/or the CP2 include a universal
cytokine sequence. In some aspects, the CP1 and/or the CPZ include a truncated sequence
that retains cytokine activity.

In some embodiments, the interferon{s} is/are a human wildtype mature
interferon. In some embodiments, the interferon(s) may be type I and type H interferons,
for example inchuding, but not limited to interferon-alpha, interferon-beta, interferon-
gamima, interferon-omega, and interferon-tau. In some embodiments, the interferons
is/are an interferon~-alpha. In some embodiments, the interferon{s} is/are selected from the
group consisting of interferon alpha-2a, interferon alpha-2b, and interferon alpha-n3. In
some embodiments, the interferon(s) is/are interferon alpha-2b. To some embodiments,
the interferon(s) is/are a mutant interferon. In some embodiments, the interferon{s) is/are
a mutant interferon wherein an endogenous protease cleavage site has been rendered
disfunctional by substitution, deletion, or insertion of one or more amino acids. In some
embodiments, the interferon{s) is/are a universal cyiokine molecule, e g., having a hybrid
sequence of different cytokine subtypes or a chimeric cytokine sequence or a humanized
cytokine sequence. In some embodiments, the interferon{s) 1s/are a universal interferon
molecule. In some embodiments, the interferon(s) is/are a universal interfercn alpha,

e.g., a hybrid of interferon alpha 1 and interferon alpha 2a. In some embodiments, the
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CP1 and/or the CP2 comprises a sequence that is at least 80% identical to SEQ ID NG: 1
In some embodiments, the CP1 and/or the CP2 comprises a sequence that is at least 90%,
95%, 96%, 97%, 98%, or 99% identical to SEQ I NO: 1. In some embodiments, the
CP1 and/or the CP2 comprises a sequence of SEQ D NO: 1. In some embodiments, the
interferon is an interferon beta. In some embodiments, the interferon beta is selected from
the group consisting of interferon beta-1a, and interferon beta-1b. In some embodiments,
the CP1 and/or the CP2 comprises an IFab domain. In some embodiments, the CP]
and/or the CP2 comprises an interleukin. In some embodiments, the interleukin is
selected from the group consisting of TL-1a, IL-15, IL-1RA, [L-18, 11-2, IL-4, IL.-7, IL-
9, H-13, IL-18, IL-3, -5, IL-6, IL-11, TL-12, 1L-10, [L-20, TL-14, TL-16, and 1L-17.

In some embodiments, the CM1 and/or the CMZ comprise a total of about 3
amino acids to about 15 amino acids. In some embodiments, the CM1 and the CM2
comprise substrates for different proteases. In some embodiments, wherein the CM1 and
the CMZ2 comprise substrates for the same protease. In some embodiments, the
protease(s) isfare selected from the group consisting oft ADAMS, ADAMS, ADAMIO0,
ADAMIZ, ADAMIS, ADAMI7/TACE, ADAMBDECT, ADAMTST, ADAMTSS,
ADAMTSS, BACE, Renin, Cathepsin I3, Cathepsin E, Caspase 1, Caspase 2, Caspase 3,
Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase 9, Caspase 10, Caspase
14, Cathepsin B, Cathepsin C, Cathepsin K, Cathespin L, Cathepsin 8§, Cathepsin V/L2,
Cathepsin X/Z2/P, Cruzipain, Legumain, Ctubain-2, KLK4, KLKS, KLK6, KLK7, KLKS,
KLKI0, KLK1, KEK13, KLK 14, Meprin, Neprilysin, PSMA, BMP-1, matrix
metalloproteinases {e.g., MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-10, MMP-
11, MMP-12, MMP-13, MMP-14, MMP-15, MMP-16, MMP-17, MMP-19, MMP-20,
MMP-23, MMP-24, MMP-26, MMP-27), activated protein C, cathepsin A, cathepsin G,
Chymase, FVHa, FIXa, FXa, FXla, FXlla, Hlastase, Granzyme B, Guanidinobenzoatase,
HirAd, human neutrophil lvase, lactofernin, marapsin, NS3/4A, PACE4, Plasmin, PSA,
tPA, thrombin, tryptase, uPA, DESC1, DPP-4, FAP, Hepsin, Matriptase-2, MT-
SP1/Matriptase, TMPRSS2, TMPRSS3, and TMPRSS4. In some embodiments, the
protease(s) is/are selected from the group consisting of! uPA, legumain, MT-SP1,
ADAM17, BMP-1, TMPRSS3, TMPRSS4, MMP-2, MMP-9, MMP-12, MMP-13, and
MMP-14,



20

25

30

WO 2022/197764 PCT/US2022/020492

Suitable cleavable moieties have been disclosed in WO 2010/081173, WO
2015/048329, WO 2015/116933, WO 2016/118629, and WO 2020/118109, the
disclosures of which are incorporated herein by reference in their entireties.

In some embodiments, the CM1 and/or the CM2 comprise a sequence selected
from the group consisting of: LSGRSDNH (SEQ D NO: 53, TGRGPSWYV (SEQ 1D NO:
63, PLTGRSGG (SEQ 1D NO: 7), TARGPSFK (SEQ D NO: 83, NTLSGRSENHSG
(SEQ 1D NO: 9), NTLSGREGNHGS (SEQ ID NG 10), TSTSGRSANPRG (SEQ 1D
NG: 11}, TSGRSANP (SEQ ID NO: 12), VHEHMPLGFLGP (SEQ ID NO: 13),
AVGLLAPP (SEQ ID NG 14), AQONLLGMYVY (SEQ ID NO: 15), ONQGALRMA (SEQ
1D NG 16), LAAPLGLL (SEQ ID NO: 17), STFPFGMEF (SEQ ID NO: 18}, ISSGLLSS
(SEQ ID NO: 19), PAGLWLDP (SEQ ID NO: 20), VAGRSMRP (SEQ ID NG: 21),
VVPEGRRS (SEQ 1D NO: 223y, ILPRSPAF (SEQ 1D NO: 23), MVLGRSLL (8EQ ID
NO: 24), QGRAITFI (SEQ ID NO: 25), SPRSIMLA (SEQ ID NO: 26), SMLRSMPL
(SEQ ID NO: 273, ISSGLLSGRSDNH (SEQ 1D NO: 28), AVGLLAPPGGLSGRSDNH
(SEQ 1D NO: 29), ISSGLLSSGGSGGSLESGRSDNH (SEG D NG: 30), LSGRSGNH
(SEQ ID NO: 31), SGRSANPRG (SEQ ID NO: 32), LSGRSDDH (SEQ 1D NO: 33),
LSGRSDIH (SEQ ID NO: 34), LSGRSDQH (SEQ ID NO: 33), LSGRSDTH (SEQ ID
NO: 36), LSGRSDYH (SEQ ID NO: 37), LSGRSDNP (SEQ ID NO: 38), LSGRSANP
(SEG ID NO: 393, LSGRSANI (SEQ [D NO: 40), LSGRSDNI (8EG 1D NO: 413,
MIAPVAYR {(SEQ ID NO: 42), RPSPMWAY (SEQ ID NO: 43), WATPRPMR (SEQ
2 NG: 44, FRLEDWQW (SEQ 1D NG 45}, ISSGL (SEQ 1D NG 40), ISSGLLS (REQ
1D NO: 47), ISSGLL (SEQ ID NO: 48), ISSGLLSGRSANPRG (SEQ ID NO: 49),
AVGLLAPPTSGRSANPRG (SEQ ID NG 503, AVGLLAPPSGRSANPRG (SEQ 1D
NG: 51D, ISSGLLSGRSDDH (SEQ ID NO: 52), ISSGLLSGRSDIH (SEQ 1D NO: 53),
ISSGLLSGRSDQH (SEQ ID NO: 54), ISSGLLSGRSDTH (SEQ ID NO: 55),
ISSGLLSGRSDYH (SEQ ID NO: 56), ISSGLLSGRSDNP (SEQ ID NO: 57),
ISSGLLSGRSANE (SEQ ID NO: 58), ISSGLLSGRSANI (SEQ 1D NO: 59),
AVGLLAPPGGLSGRSDIDH (SEQ 1D NO: 60), AVGLLAPPGGLIGRSDIH (SEQ 1D
NG: 61), AVGLLAPPGGLSGRSDGH (SEQ ID NO: 62), AVGLLAPPGGLSGRSDTH
(SEQ 1D NO: 63), AVGLLAPPGGLSGRSDYH (SEQ 1D NO: 643,
AVGLLAPPGGLSGRSDNP (SEQ ID NO: 65), AVGLLAPPGGLSGRSANFP (SEQ ID
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NG: 66), AVGLLAPPGGLSGRSANI (SEQ ID NO: 67), ISSGLLSGRSDNI (SEQ D
NG: 68), AVGLLAPPGGLSGRSDNI (SEQ ID NO: 69), GLSGRSDNHGGAVGLLAPP
(SEQ 1D NO: 70), GLSGRSDNHGGVHMPLGFLGP (SEQ ID NO: 71),
LSGRSDNHGGVHMPLGFLGP (SEQ 1D NO: 72), ISSGLSS (SEGQ ID NO: 73},
PYVGYTSSL (SEQ 1D NG: 74), DWLYWPGH(SEQ ID NO: 75), LKAAPRWA (SEQ ID
NG: 76), GPSHLVLT (SEQ 1D NG: 77), LPGGLSPW (SEQ D NO: 78), MGLFSEAG
{SEQ 1D NO: 79), SPLPLRVP (SEQ ID NO: 80), RMHLRSLG (SEQ ID NO: 81),
LLAPSHRA (SEQ 1D NO: 82), GPRSFGL (SEQ ID NO: 83), GPRSFG (SEQ D NG:
84), SARGPSRW (SEQ ID NO: 85), GGWHTGRN (SEQ ID NO: 86), HTGRSGAL
(SEQ ID NO: 87}, AARGPAIH (SEQ 1D NO: 88), RGPAFNPM (SEQ ID NO: 893,
SSRGPAYL (SEQ ID NO: 90), RGPATPIM (SEQ ID NO: 91), RGPA (SEQ ID NO:
92}, GGOPSGMWGW (SEQ 1D NG: 93), FPRPLGITGL (SEQ 1D NO: 94), SPLTGRSIG
(SEQ ID NO: 95), SAGFSLPA (SEQ ID NO: 96), LAPLGLORR (SEQ ID NO: 97),
SGGPLGVR (SEQ ID NO: 98), PLGL (SEQ 1D NO: 99), and SGRSDNI (SEQ ID NO:
100). In some embodiments, the CM comprises a sequence selected from the group
consisting oft ISSGLLSGRSDNH (SEQ ID NG: 283, LSGREDDH (SEQ ID NO: 33),
ISSGLLSGRSDOQH (SEQ ID NO: 54), SGRSDNI (SEQ 1D NO: 100), and
ISSGLLSGRSDNI (SEQ ID NO: 68). In some embodiments, the protease{s) is/are
produced by a tumor in the subject, e.g., the protease(s) are produced in greater amounts
in the tumor than in healthy tissues of the subject. In some embodiments, the subject has
been diagnosed or identified as having a cancer.

In some embodiments, the CP1 and the CM1 directly abut each other in the first
mounoret construct. In some embodiments, the CM1 and the DD directly abut each
other in the first monomer construct. In some embodiments, the CP2 and the CM2
directly abut each other in the second monomer counstruct. In some ervbodiments, the
M2 and the DD2 directly abut each other in the second monomer construct. In some
embodiments, the first monomer contruct comprises the CP1 directly abutting the CM1,
and the CM1 directly abutting the DD, wherein the CM1 comprises a sequence that is
selected from the group consisting of SEQ ID Nos 5-100. In some embodiments, the
second monomer contruct comprises the CP2 directly abutting the CM2, and the CM2

directly abutting the DD2, wherein the CM2 comprises a sequence that is selected from

10



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

the group consisting of SEQ 1D Nos 5-100. In some embodiments, the first monomer
contruct comprises the CP1 directly abutting the CM 1, and the CM 1 directly abutting the
D1, wherein the CM1 comprises a sequence that is no more than 13, 12, 11, 16,9, 8, 7,
6, 5 or 4 amino acids in length. In some embodiments, the second monomer contruct
comprises the CP2 directly abutting the CM2, and the CMZ2 directly abutting the DD2,
wherein the CMZ2 comprises a sequence that is no more than 13, 12, 11, 10, 9,8, 7,6, Sor
4 amino acids in fength. In some embodiments, the first and second roonomer construct
each are configured such that the cytokine (CM1 and CM2, respectively) directly abuts a
cleavable motety (CM1 and CM2, respectively) that is no more than 10, 9,8, 7,6, 5, or 4
amino acids in length, and the cleavable moiety directly abuts a dimerization domain
(DD and DD2, respectively) that is the Fe region of a human [gG, wherein the N-
terminus of the Fc region is the first cysteine residue {reading in the N- to C- direction} in
the hinge region that participates in a disulfide linkage with a second Fe domain {e.g.,
Cysteine 226 of human IgG1, using EU numbering). In some aspects, the dimernization
domain is an g3 Fc region wherein the upper hinge residues have been deleted. For
exaraple, the Fe is a variant wherein N-terminal sequences EPKSCDKTHT (SEQ ID NGO:
330}, ERK, ELKTPLGDTTHT (SEQ 1D NO: 3658), or ESKYGPP (SEQ 1D NO: 317
have been deleted.

In some embodiments, the first monomer construct comprises at {east one Hnker.
In some embodiments, the at least one linker is a linker L1 disposed between the PM1
and the CM3 and/or a linker 1.2 disposed between the CM3 and the CP1. In some
embodiments, the second monomer construct comprises at least one linker. In some
embodiments, the at least one linker is a linker L3 disposed between the PM2 and the
M4 and/or a linker L4 disposed between the CM4 and the CP2. 1In some embodiments,
the first monomer construct coruprises a linker 1.1 and the second monomer construct
comprises a linker L.3. In some embodiments, L1 and L3 are the same. In some
embodiments, the first monomer construct comprises a linker L2 and the second
monomer construct comprises a linker L4, In some embodiments, 1.2 and L4 are the
same. In some embodiments, the first monomer construct comprises a linker between the
CP1 and CM1 and/or a linker between the CM1 and the DD1. In some embodiments, the

second monomer construct comprises a linker between the CP2 and the CM2 and/or a
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linker between the CM2 and the DD2. In some embodiments, each linker has a total
length of 1 amino acid to about 15 amino acids. In some embodiments, each linker has a
total length of at least S amino acids.

In some embodiments, the first monomer construct comprises at least one linker,
wherein each linker is independently selected from from the group consisting of
GSSGGSGGSGE (SEQ 1D NO: 210);, GGGS (SEQ D NO: 2y, GGGSGGES (SEQ 1D
NG: 211);, GGGSGGGRGGES (SEQ ID NO: 212), GGGGSGGGGSGGGES (SEQ ID
NG: 213);, GGGGSGGGGSGGHGGESGEGHSGGHGS (SEQ ID NO: 214y,
GGGGSGGGGS (SEQ ID NO: 215); GGGGS (SEQ 1D NO: 216); GS;, GGGGSGS
(SEQ ID NO: 217y, GGGGSGGGGSGGGGSGS (SEQ ID NG: 2183
GGSLDPKGGGGS (SEQ ID NO: 219); PKSCDKTHTCPPCPAPELLG (SEQ ID NO:
220y, SKYGPPCPPCPAPEFLG (SEQ 1D NO: 221); GKSSGSGSESKS (SEQ 1D NO:
222y, GETSGSGKSSEGKG (SEQ ID NO: 223);, GETSGSGKSSEGSGSTKG (SEQ ID
NO: 224); GRTSGSGKPGSGEGSTKG (SEQ ID NG: 225), GSTSGSGKPGSSEGST
(SEGQ ID NO: 2263, (GS)n, (GGS)n, (GSGGS)n (SEQ ID NO: 227, (GGGS)n (SEQ 1D
NG: 228}, (GGGGSn (SEQ ID NO: 216), wherein cach n is an integer of at least one;
GGSG (SEQ D NO: 229); GGSGG (SEQ ID NO: 230); GSGSG (SEQ IDNO: 231,
GSGGG (SEQ IDNG: 232), GGGSG (SEQ ID NO: 233); GSSSG (SEQ ID NO: 234y,
GOGGSGGEGSGGGES (SEQ 1D NO: 213);, GGGGSGGGGSGGGGSGGGES (SEQ
D NO: 214y, and GSTSGSGKPGSSEGST (SEQ ID NO: 226). In some embodiments,
the linker comprises a sequence of GGGS (SEQ ID NG: 23,

In some embodiments, the first monomer construct, comprises in an N- to C-
terminal direction, the PMI, the CM3, the CP1, the CM1, and, linked directly or
indirectly to the C<terminus of the CM1, the DD1. In some embodiments, the first
polypeptide comprises in a C- to N-terminal direction, the PM1, the CM3, the CP1, the
M1, and, linked directly or indirectly to the N-terminus of the CM1, the DD1. In some
embodiments, the second polypeptide comprises in a N- to C-terminal direction, the
PM2, the CM4, the CP2, the CM2, and, linked directly or indirectly to the C-terminus of
the CM2, the DD2. In some embodiments, the second polypeptide comprises ina C-to
N-terminal direction, the PM2, the CM4, the UP2, the CM2, and, linked directly or
indirectly to the CM2, the DD2.
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In some embodiments, the first monomer construct comprises in an N-to C-
terminal direction, the CP1, an optional linker, the CM 1, an optional linker, and the DD,
wherein DI is an Fe region of an Ig(G, wherein the N-terminus of the Fe region is the
first cysteine residue (reading in the N- to C- direction) in the hinge region that
participates in a disulfide linkage with a second F¢ domain {e.g., Cysteine 226 of human
1gG1 or 1gG4, using EU numbering), and wherein the CM1 and any linker(s) interposed
between the CP1 and the N-terminal cysteine of DD (the “linking region”) have a
combined total length of no more than 18, 17, 16, 15, 14,13, 12, 11, 10,9, 8,7, 6,5, or 4
amino acids, preferably no more than 10 amine acids, especially preferably no more than
7 amino acids. In some such embodiments, the first monomer construct further
comprises, in an N-to C- terminal direction, the PM1, an optional linker, the CM3, and
an optional linker attached to the N-terminus of the CP1. In some embodiments, the
second monomer construct comprises in an N- to C- terminal direction, the CP2, an
optional linker, the CM2, an optional Hnker, and the BD2, wherein BD2 is an Fc region
of an IgG, wherein the N-terminus of the Fc region is the first cysteine residue (reading in
the N- to C- direction) in the hinge region that participates in a disulfide linkage with a
second Fe domain {e.g., Cysteine 226 of human 1gG1 or {gG4, using BV numbering}, and
wherein the CM2 and any linker(s) interposed between the CP2 and the N-terminal
cysteine of the DD2 (the “linking region”} have a combined total fength of no more than
18,17, 16, 15, 14, 13,12, 11, 10,9, 8,7, 6, 5, or 4 amino acids, preferably no more than
10 amino acids, especially preferably no more than 7 amino acids. In some such
embodiments, the second monomer construct further comprises, in an N- to - terminal
direction, the PM2, an optional linker, the CM4, and an optional linker attached to the N-
terminus of the CP2. In some aspects, there is no linker or spacer between a peptide
mask and a cleavable moiety. In some aspects, there is no linker or spacer between a
cytokine protein and a cleavable moiety. In some aspects, there is no linker or spacer
between a cleavable moiety and a dimerization domain.

In some embodiments, the ACC 1s a2 homodimer in which the first monomer
construct and the second monomer construct are identical and comprise the amino acid
sequence of SEQ 1D NO: 321, In some embodiments, the first monomer construct and

the second monomer construct each comprise an amino acid sequence that is at least
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90%, 95%, 96%, 97%, 98%, or 99% identical to SEGQ D NO: 321, Insome
embodiments, the first monomer construct and the second monomer construct each
comprise, in an N- to C- terminal direction, SEQ 13 NO: 323, an optional flexible linker
of zero to 10 amino acids; a CM comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 41, SEQ ID NO: 68, and SEQ ID NO: 100; an optional
flexible linker of zero to 10 amino acids; SEQ 1D NO:1; a second CM comprising an
amino acid sequence selected from the group consisting of SEQ 1D NO: 41, SEQ ID NO:
68, and SEQ H> NO: 100; and a dimerization domain.

fn some embodiments, the at least one CP1 and/or CP2 activity is a binding
affinity of the CP1 and/or the CP2 for its cognate receptor as determined using surface
plasmon resonance. For example, where the CP1 or CP2 is an interferon, the cognate
receptor may be the interferon-alpha/beta receptor (IFNAR). In some embodiments, the
at feast one CP1 and/or CP2 activity is a level of proliferation of lyruphoma cells. In
some embodiments, the at {east one CPland/or CP2 activity 15 the fevel of
JAK/STAT/ISGE3 pathway activation in a lymphoma cell. In some embodiments, the at
least one activity is a level of secreted alkaline phosphatase (SEAP) productionin a
lymphoma cell. In some embodiments, the ACC is characterized by at least a 2-fold
reduction in at least one of the CP1 and the CP2 activity as compared to the control level.
in some embodiments, the ACC is characterized by at least a 5-fold, 10-fold, 20-fold, 50-
fold, 100-fold, 200-fold, 300-fold, 400-fold, 500-fold, 600-fold, 700-fold, 800-fold, 900-
fold, 1000-fold, 1100-fold, 1200-fold, 1300-fold, 1400-fold, 1500-fold, 1600-fold, 1700~
foid, 1800-fold, 1900-fold, 2000-fold, 3000-fold, or 4000-fold reduction in at least one
CP1 and/or the CP2 activity as compared io the control level. Tn some embodiments, the
ACC is characterized by at least a 5000-fold reduction in at least one activity of the CP1
and/or the CP2 as compared to the control level. In some embodiments, the control level
of the at least one activity of the CP1 and/or CP2, 1s the activity of the CP1 and/or the
CP2 in the ACC foliowing exposure of the ACC to the protease(s). In some
embodiments, the control level of the at least one CPT and/or the CP2, is the
corresponding the CP1 and/or the CP2 activity of a corresponding wildtype mature

cytokine,
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In some embodiments, the ACC is characterized by generating a cleavage product
following exposure to the protease(s), wherein the cleavage product comprises the at least
one activity of the CP1 and/or the CP2. In some embodiments, the at least one activity of
the CP1 and/or the CP2 is anti-proliferation activity. In some embodiments, the control
level is an EC30 value of the wildtype mature cytokine, and wherein ratio of EC50
(cleavage product) to EC30 (wildtype control ievel) is less than about 10, or less than
about 9, or less than about 8, or less than about 7, or less than about 6, or less than about
3, or less than about 4, or less than about 3, or less than about 2, or less than about 1.5 or
equal to about 1. In some embodiments, the BCS0 of the cleavage product is
approximately the same as the ECS0 of the wildtype mature cytokine, demonstrating that
the following cleavage, the activity of the CP1 and/or CP2 is fully recovered, or nearly
fully recovered.

Provided herein are compositions comprising any one of the ACCs described
herein. In some embodiments, the composition is a pharmaceutical composition. Also
provided herein are kits comprising at least one dose of any one of the compositions
described herein.

Provided herein are methods of treating a subject in need thereof comprising
administering to the subject a therapeutically effective amount of any one of the ACCs
described herein or any one of the composttions described herein. In some embodiments,
the subject has been identified or diagnosed as having a cancer. In some non-limiting
embodiments, the cancer is Kaposi sarcoma, hairy cell leukemia, chronic myeloid
teukemia {CML), follicular lymphoma, renal cell cancer (RCC), melanoma,
neuroblastoma, basal cell carcinoma, bladder cancer, breast cancer, colorectal cancer,
cutaneous T-cell lymphoma, nasepharyngeal adenocarcimoa, non-small cell fung cancer
{(NSCLC), ovarian cancer, pancreatic cancer. In some non-limiting embodimenis, the
cancer is a lymphoma. In some non-limiting embodiments, the lymphoma is Burkitt’s
lymphoma.

Provided herein are nucleic acids encoding a polypeptide that comprises the CP1
and the CM1 of any one of the ACCs described herein. In some embodiments, the
polypeptide further comprises any one of the DX described herein. In some

embodiments, the polypeptide further comprises any one of the PM1 and the CM3
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described herein. Also provided herein are nucleic acids encoding a polypeptide that
comprises the CP2 and the CM2 of any one of the ACCs described herein. When the
monomers are identical, then the present disclosure provides a single nucleic acid
encoding the monomer that dimerizes to form ACC. In some embodiments, the
polypeptide further comprises any one of the D2 described herein. In some
embodiments, the polypeptide further comprises any one of the PMZ and the CM4
described herein. In certain embodiments, the first monomer construct and the second
monomer construct comprise identical CP, CM, and DD components. In some of these
embodiments, the first and second monomer constructs are encoded by the same
polypeptide (i.e, the same amino acid sequence). Often, when the first and second
monomer constructs comprise the same amino acid sequence, they are encoded by the
same nucleic acid {i.e., the same nucleic acid sequence). In some of these embodiments,
the first and second monomer constructs are encoded by the same nucleic acid. Also
provided herein are vectors comprising any one of the nucleic acids described herein. 1o
some embodiments, the vector is an expression vector. Also provided herein are cells
comprising any oue of the nucleic acids described herein or any one of the veciors
described herein.

Provided herein are pairs of nucleic acids that together encode a polypeptide that
comprises the CP1 and the CM1 of the first monomer construct and a polypeptide that
comprises the CP2 and the CM2 of the second monomer construct of any one of the
ACCs described herein. Also provided herein are pairs of nucleic acids that together
encode a polypeptide that comprises the PM1, the CM3, CP1 and the CM1 of the first
monoret construct and a polypeptide that comprises the PM2, the CM4, the CP2 and the
CM?Z of the second monomer construct of any one of the ACCs described herein. Also
provided herein are pairs of vectors that together comprise any of one of the pair of
nucleic acids described herein. In some embodiments, the pair of vectors is a pair of
expression vectors. Also provided herein are cells comprising any one of the pairs of
nucleic acids described herein or any one of the pairs of vectors described herein. In
other embodiments, the present invention provides a vector comprising the pair of

vectors.
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Provided herein are methods of producing an ACC comprising: culturing any one
of the cells described herein in a liguid culture medium under conditions sufficient to
produce the ACC; and recovering the ACC from the cell or the liquid culture medium. In
some embodiments, the method further comprises: isolating the ACC recovered from the
cell or the liguid culture medium. In some embodiments, the method further comprises:
formmlating isolated ACC into a pharmaceutical composition.

Provided herein are ACCs produced by any one of the methods described herein.
Also provided herein are compositions comprising any one the ACCs described herein.
Also provided herein are compositions of any one of the corpositions described herein,
wherein the composition is a pharmaceutical composition. Also provided herein are kits
comprising at least one dose of any one of the compositions described herein.

Unless otherwise defined, all technical and scientific terms used herein have the
sarme meaning as commonly understood by one of ordinary skill in the art to which this
tnvention belongs. Methods and materials are described herein for use in the present
invention, other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are Ulusirative only and not intended to be limiting,
All publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of
contlict, the present specification, including definitions, will control.

Other features and advantages of the invention will be apparent from the
following detailed description and figures, and frony the claims.

The term “a” and “an” refers to one or more {i.¢, at least one) of the grammatical
object of the article. By way of example, “a cell” encompasses one or more cells,

5

As used herein, the terms “about” and “approximately,” when used to modify an
amount specified in a numeric value or range, indicate that the numeric value as well as
reasonable deviations from the value known to the skilled person in the art. For example,
+ 20%, + 10%, or = 5%, are within the intended meaning of the recited value where
appropriate.

Concentrations, amounts, and other numerical data may be expressed or presented
herein in a range format. It is to be understood that such a range format is used merely for
convenience and brevity and thus should be interpreted flexibly to include not only the
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numerical values explicitly recited as the limits of the range, but also to include all the
individual numerical values or sub-ranges encompassed within that range as if each
numerical value and sub-range is explicitly recited. As an illustration, a numerical range
of “about 0.01 to 2.07 should be interpreted to include not only the explicitly recited
values of about ¢.01 o about 2.0, but also include individual values and sub-ranges
within the indicated range. Thus, included in this numerical range are individual values
such as 0.5, 0.7, and 1.5, and sub-ranges such as from 0.5 10 1.7, 0.7 to 1.5, and from 1.0
to 1.5, etc. Furthermore, such an interpretation should apply regardless of the breadth of
the range or the characteristics being described. Additionally, it 1s noted that all
perceniages are in weight, unless specified otherwise.

In understanding the scope of the present disclosure, the terms “including” or
“comprising” and their derivatives, as used herein, are intended to be open ended terms
that specity the presence of the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated features, elements,
components, groups, integers and/or steps. The foregoing also applies to words having
similar meanings such as the terms “tucluding”, “having” and their derivatives. The term
“consisting” and its derivatives, as used herein, are intended to be closed terms that
specity the presence of the stated features, elements, components, groups, integers, and/or
steps, but exclude the presence of other unstated features, elements, components, groups,
integers and/or steps. The term “consisting essentially of)” as used herein, 18 intended to
specify the presence of the stated features, elements, components, groups, integers, and/or
steps as well as those that do not materially affect the basic and novel characteristic(s) of
features, elements, components, groups, integers, and/or steps. It is understood that
reference to any one of these transition terms (i.e. “comprising,” “consisting,” or
“consisting essentially”) provides direct support for replacement to any of the other
transition term not specifically used. For example, amending a term from “comprising” 10
“consisting essentially of” or “consisting of” would find direct support due to thig
definition for any elements disclosed throughout this disclosure. Based on this definition,
any element disclosed herein or incorporated by reference may be included in or
excluded from the claimed invention.

As used herein, a plurality of compounds, elements, or steps may be presented in

18



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

a common list for convenience. However, these lists should be construed as though each
member of the list is individually identified as a separate and unique member. Thus, no
individual member of such list should be construed as a de facro equivalent of any other
member of the same list solely based on their presentation in a common group without
indications to the contrary,

Furthermore, certain molecules, constructs, compositions, elements, moieties,
excipients, disorders, conditions, properties, sieps, or the like may be discussed in the
context of one specific embodiment or aspect or in a separate paragraph or section of this
disclosure. It is understood that this is merely for convenience and brevity, and any such
disclosure is equally applicable to and intended to be combined with any other
embodiments or aspects found anywhere in the present disclosure and claims, which all
form the application and claimed invention at the filing date. For example, a list of
constructs, molecules, method steps, kits, or compositions described with respectto a
construct, composition, or method 18 intended to and does find direct support for
embodiments related to constructs, compositions, formulations, and methods described in
any other part of this disclosure, even if those method steps, active agents, kits, or
compositions are niot re-listed in the context or section of that embodiment or aspect.

Unless otherwise specified, a “nucleic acid sequence encoding & protein” includes
all nucleotide sequences that are degenerate versions of each other and thus encode the
same amino acid sequence,

The term “N-terminally positioned” when referring to a position of a first domain
or sequence relative to a second domain or sequence in a polypeptide primary amino acid
sequence means that the first domain or sequence is located closer to the N-terminus of
the polypeptide primary amino acid sequence than the second domain or sequence. In
some embodiments, there may be additional sequences and/or domains between the first
domain or sequence and the second domain or sequence.

The term “C-terminally positioned” when referring to a position of a first domain
or sequence relative to a second domain or sequence in a polypeptide primary amino acid
sequence means that the first domain or sequence 1s located closer to the C-terminus of

the polypeptide primary amino acid sequence than the second domain or sequence. In
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some embodiments, there may be additional sequences and/or domains between the first
domain or sequence and the second domain or sequence.

The term “exogenous” refers to any material introduced from or originating from
outside a cell, a tissue, or an organism that is not produced by or does not originate from

the same cell, tissue, or organism in which it is being introduced.

37 4k 32

The term “transduced,” “transfected,” or “transformed” refers to a process by
which an exogenous nucleic acid is introduced ot transferred ivto a cell. A “transduced,”
“transtected,” or “transformed” cell (e.g., mammalian cell} is one that has been
transduced, transfected, or transformed with exogenous nucleic acid {e.g., a vector) that
includes an exogenous nucleic acid encoding any of the activatable cytokine construcis
described herein.

The term “nucleic acid” refers to a deoxyribonucleic acid (DNA) or ribonucleic
acid {(RNA), or a combination thereof, in either a single- or double-stranded form. Unless
specifically hmited, the term encompasses nucleic acids containing known analogues of
natural nucleotides that have similar binding properties as the reference nuclectides.
Uunless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses complementary sequences as well as the sequence explicitly indicated. In
some embodiments of any of the nucleic acids described herein, the nucleic acid is DNA
in some embodiments of any of the nucleic acids described herein, the nucleic acid s
RNA.

Modifications can be introduced into a nucleotide sequence by standard
techniques known in the art, such as site-directed mutagenesis and polymerase chain
reaction {PCR)-mediated mutagenesis. Conservative amino acid substitutions are ones in
which the amino acid residue is replaced with an amino acid residue having a similar side
chain. Families of amivo acid residues having similar side chains have been defined in
the art. These families include: amino acids with acidic side chains (e.g., aspartate and
glutamate), amino acids with basic side chains {e.g., lysine, arginine, and histidine), non-
polar amino acids {e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, and tryptophan), uncharged polar amino acids {e.g , glycine, asparagine,
glutamine, cysteine, serine, threonine and tyrosine}, hydrophilic amino acids (e.g.,

arginine, asparagine, aspartate, ghutamine, glutamate, histiding, lysine, serine, and
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threonine), hydrophobic amino acids {e.g., alanine, cysteine, isoleucine, leucine,
methionine, phenylalanine, proline, tryptophan, tyrosine, and valine). Other families of
amino acids include: aliphatic-hydroxy amino acids (e.g., serine and threonine), amide
family {e.g., asparagine and glutamine), alphatic family (e.g., alanine, valine, leucine and
isoleucine), and aromatic family (e.g., phenylalanine, tryptophan, and tyrosine}.

As used herein the phrase “specifically binds,” or “immunoreacts with” means
that the activatable antigen-binding protein complex reacts with one or more antigenic
determinants of the desired target antigen and does not react with other polypeptides, or
binds at much lower affinity, e.g., about or greater than 107 M.

The term “ireatment” refers to ameliorating at least one symptom of a disorder.
In some embodiments, the disorder being treated is a cancer and to ameliorate at least one

symptom of a cancer.

BRIEF DESCRIPTION OF DRAWINGS

Figs. 1-4 are schematics of illustrative activatable cytokine constructs.

Fig. § depicts the cleavage reaction of a cytokine construct without a peptide
mask, IFNea-2b-higG4 Fe (with either cleavable moiety 12044L or cleavable moiety
1490), and a protease {either uPA or MT-SP1), which generates monomeric mature
IFN@-2b.

Figs. 6A-6C show activation of a cytokine construct (ProC440) by proteases uPa
and MMP14. Fig 6B depicts the ProC440 sequence (SEQ 1D NO: 316) with MMP14
and uPA cleavable sites.

Figs, TA-7B show the activity of a cytokine coustruct (ProC440) tested in vitro
using IFN-responsive HEK293 cells (Fig. 7A) and Daudi cells (Fig. 7B).

Fig. 8 shows the sequence of a masked cytokine construct, ProC732 (SEG 1D
NO: 3213, with an optional signal sequence in tialics (SEQ 1D N 244), the masking
peptide sequence in double-underline, the sequences of cleavable moieties in bold, and
the sequence of the mature IFNalpha-2b underlined.

Fig. 9 shows shows the sequence of a masked cytokine construct with no
cleavable moiety sequence between the cytokine and the dimerization domain, ProC733

{(SEQ ID NO: 3223, with an optional signal sequence in italics (SEQ 1D NG: 244), the
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masking peptide sequence in double-underline, the cleavable moiety sequence in bold,
and the sequence of the mature IFNalpha-2b underlined.

Fig. 18A shows schematics of cytokine constructs ProC440, ProC732 and
ProC733. Fig. 10B shows the activity of cytokine constructs (ProC440, ProC732 and
ProC733) tested using IFN-responsive HEK293 cells. Fig. 18C shows the activity of
cytokine construct ProC732 (also referred to as Ph-IFNalpha-2b), tested using {FN-
respousive HEK293 cells.

Fig. 11A shows a schematic of the structure of cytokine construct ProC286, and
the activity of ProC286 compared to the activity of Sylatron® (PEGylated wterferon
alpha-2b} in the Daundi apoptosis assay. ProC286 and Sylatron® showed similar fevels of
activity, indicating that ProC286 could be used as surrogate Sylatron® control to evaluate
the tolerability of IFNalpha-2b in the hamster study. Fig. 11B depicts a schematic of the
structure of cytokine construct ProC291 and the activity of ProC291 compared to the
activity of Sylatron® in the Daundi apotosis assay. ProC291 showed sigmificantly reduced
activity compared to Sylatron® and ProC286.

Fig. 12 shows the specific activity of IFNa-con {recombinant interferon alpha, a
non-naturally occurring type-1 interferon); the active cytokine cleavage product of
ProC440 (ProC440+uPA); Sylatron® (“PEG-IFNa2b”); and ProC440, and anticipated
toxic dosages in a dose-escalation study in vivo, e.g., at escalating doses of 0.08, 0.4, 2,
10, and 15 mg/kg (“mpk™}.

Figs. 13A-13C show body weight loss profiles of animals in response to different
doses of cytokine constructs ProC286, ProC440, and ProC732 or control (human [gG4)
in tolerability tests at different dosages in Syrian Gold Harmsters. Fig. 13 A shows data
for 2 mg/kg (“2 mpk”) dosages; Fig. 13B shows data for 10 mg/kg (“10 mpk”) dosages;
and Fig. 13C shows data for 15 mg/kg (“15 mpk™) dosages of each consiruct tested. Fig,
130 shows INFa2b mediated toxicity in animals dosed with unmasked IFNaZb/Fc
(ProC286) corresponding to increased ALP and increased therapeutic index of IFNaZb
single mask (ProC440) and dual mask (Pro(’732).

Fig. 14 shows clinical chemistry analysis outcomes {Alkaline phosphatase,

Alanine transaminase, and Aspartate transaminase) of Syrian Gold Hamsters in response
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to different doses (2 mpk, 10 mpk, and 15 mpk) of cyiokine constructs ProC286,
ProC440, and ProC732 or control (human IgG4) in tolerability tests.

Fig. 15 shows hematology analysis outcomes (Reticulocyte, Neutrophil, and
White Blood Cells {(WBC) counts) in Syrian Gold Hamsters in response to different doses
(2 mpk, 10 mpk, and 15 mpk) of cytokine constructs ProC286, ProC440, and ProC732 or
control (human IgG4) in tolerability tests.

Fig. 16 depicts the effect of length of a Linking Region (LR) on the activities of
{FNalpha-2b-F¢ fusion proteins without a peptide mask, as determined from a Dandi
apoptosis assay.

Fig. 17 depicts the structure of ACC ProC859 mouse cross-reactive interferon
{(top), the anti-proliferative effects of ACC ProC859 in a B 16 mouse melanoma cell assay
and the activity of ACC ProC859 in the [FN-responsive HEK293 assay.

Fig. 18 schematically illustrates a cytokine construct including a depiction of the
tinking region (LR} and mask linking region (MLR).

Fig. 19 shows activation-dependent effects of ProC732 on primary human cells.
Top row indicates induction of IP~10 in myeloid cells in myeloid cells by activated
ProC732, bottom row indicates induction of IFN-gamma in T and NK lymphocytes.

Fig. 28 shows i1 vivo efficacy of masked IFN-a2b (ProC732) at increasing
concentrations in the Daudi xenograft model.

Fig. 21 shows in vifro activation of mouse splenocytes by IFNa-A/D (ProC1023)
in compared to uPA-treated ProC1549 uncieavable masked construct.

Fig. 22 shows the effects of masked IFN-aZb (ProC732) and ProC732 activated
with uPA on hamster melanoma cell viability.

Fig. 23A shows anti-tumor activity of masked activatable IFNa A/D (ProC1023)
at 10, 50, and 200 pg. Fig. 23B shows i vive activation of masked IFNa A/D relative
{(ProC1023} to an uncleavable masked IFNa A/D (ProC1549).

Figs. 24A-24B show immune memory in response to MC38 tumor cell
rechallenge in mice previously treated with activatable IFNa A/ (200 micrograms
ProC1023) (bottom, Fig 24B) compared to M{C38 tumor cell challenge in naive control

mice {(top, Fig. 24A).
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Fig, 25 shows activation-dependent induction of type | interferon signature
comparisons using masked Pro-IFN-a2b (uncleaved ProC732), unmasked IFN-a2b (uPA-
treated ProC732), or Peg-IFN-aZb {Sylatron®).

Fig. 26 shows pharmacokinetics of the dual masked INF-a2b (ProC732) and
Pro(C286, ProC440, and ProC659 in hamsters.

Fig, 27 shows anti-tumor activity of single masked activatable IFNa A/D
{(ProC859) at 20 pg intratumoral injection and 200 pg systemic administration compared
to PBS control.

Fig. 284 shows the activity of dual masked ProC1023 corpared to single masked
ProC859 in an [FNa reporter assay in B16 mouse melanoma cells. Figs. 288 and 28C
show the activity of ProC1023 compared to ProC 1549 in an IFNa reporter assay in B16
mouse melanoma cells.

Fig. 29 shows the activity of monomeric dual masked ProC1239 and dimeric dual
masked ProC732 tested in vitro using IFN-responsive HEK293 cells.

Fig. 30 shows the activity of ProC732, ProC1550 and ProC1552 tested i vifro
using IFN-responsive HEK293 cells in an vucleaved state and after protease activation
with either uPa or MTSP1.

Fig. 31 shows activity of recombinant IFNaZb, monomeric IFNaZb (ProCo57),
activated homodimeric IFNa2b (ProC440 + uPA), and homodimeric IFNa2b (Pro(440)
using IFN-responsive HEK293.

Fig. 32 shows anti~tumor activity of ProC440 (top) and peginterferon (bottom) at
increasing doses.

Fig. 33 shows anti-tumor activity of dual masked activatable IFNa A/D
(ProC1023) compared to dual masked non-activatable IFNa A/D (ProC1549) at 10 ug, 50
jg, and 200 ug.

Fig. 34A shows anti-tumor activity of ProC1023 at 10, 50, and 200 pg compared
to PBS control. Fig. 348 shows anti-tumor activity of ProC1023 compared to non-
activatable IFNa A/D (ProC1549) at 200 pg.

Fig, 358A shows MMP restores NSUB (ProC649) activity. Fig. 35B shows

conditional activation of ProC732 and ProC1299 by uPA. Fig. 35C shows IFNa2b (SEQ
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ID NO: 1) compared to IFNaAD (SEQ 1D NO: 481) and that ProC1301 is resistant to
activation compared to ProC732.

Fig. 36 shows tumor growth suppression activity of ProCC440, ProC732, and
ProC1301 as a function of concentration.

Figs. 37A-37C show an assay of activation of ProC732 by tumor tissues (Fig.
37A) and results. Fluorescently labeled ProC732 was incubated on tumor tissue sections
at 37°C. Recovered solution was then analyzed through capillary electrophoresis enabling
quantification of active molecules (Fig. 37C}) and using HEK-blue IFNA reporter model
{Fig. 37B). Enzymatically inactive samples were used as control tissues.

Figs. 38A-38C show changes in bicactivity of ProC732 (Fig. 38A) and
recombinant IFN-a2b (Fig. 38B) molecules after incubation with tumor tissues analyzed
by HEK-blue IFNA reporter model. Fold change of bioactivity of 10 ng/mL ProC7320r 1
ng/mL of recombinant IFN-aZb was calculated relative to Oh values. Bicactivity of
ProCC732 and IFN-a2b proteins incubated in the absence of tumor tissues for 24h (Fig.
38C). Each line connects an individual sample {concentration range 100-0.¢1 ng/mL)
analyzed before and after 24h incubation.

Figs. 39, 48A, and 408 show pharmacckinetics of the masked INF-a2b and
control molecules in non-human primates. Cynomolgus monkey (N=2 per group) were
treated with a single dose subcutaneous administration of ProC732 a1t 0.03, 0.3, 3 or 15
mg/kg. Fig 39 shows results where plasma samples were collected at indicated time
points and analyzed for total ProC732 concentration. Fig. 40A shows concentrations of
IP-10 in serum were measured by MSD V-plex assay. Fig. 40B shows concentrations of
circulating Pb-1FN-a2b and IP-10 plotted against each other at day 1 and day 7 after
administration.

Figs. 41A-41D show binding of activated Pb-IFN-a2b to interferon alpha
receptors in vitro. Human IFNART, human IFNAR2, cyno IFNAR!T or cyno IFNAR2
proteins were captured on a chip coated with immobilized anti-human Fc. Concentrations
of activated TFN-a2b (ProC1640) ranging from 25 oM to 1.5625 uM were flowed over
the ligand-captured chip to generate multi-cycle kinetic sensorgrams.

Figs. 42A-421 show binding of single masked Pb-{FN-a2b molecules to human

IFNAR2. The ligands were captured on a chip coated with immobilized anti-human Fe

~E
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(Figs. 42A-42B) or anti-histidine antibodies (Figs. 42C-42D). Concentrations of IFN-a2b
(ProC1640) ranging from 25 nM to 1.5625 uM were flowed over the ligand-captured
chip to generate multi-cycle kineatic sensorgrams (Figs. 42A and 42C). Masked Pb-IFN-
a2b molecules (ProC440 - Fig. 42D, ProC1976 — Fig. 42B) at concentrations ranging
from 250 oM to 15.625 uM were flowed over the ligand-capiured chip to generate multi-
cycle kinetic sensorgrams.

Figs. 43 and 44 show gene expression profile changes induced by ProC732 non-
human primates based on concentration (Fig. 43). Cynomolgus monkey (N=2 per group}
were treated with a single dose subcutaneous administration of ProC732 at .03, 0.3, 3 or
15 mg/kg. PBMC from treated animals were harvested and analyzed by bulk RNAseq.
Genes were called differentially expressed if number of reads changes were >3 (Fig. 44).

Fig. 45 shows that ProC1023 preferentially activates immune cells in tumor
tissues. Six days after the treatment tumors and tissues were harvested and analyzed by
flow cytometry. Gated on viable CD4S+CD3+ cells.

Fig. 46 shows that ProC732 is well tolerated after muitidose administration. Male
Syrian golden hamsters (N=3) were treated {.p. with three weekly administrations of
ProC732 or unmasked Fe-IFN-a2b (ProC286) fusion proteins and monitored for body
weight changes and survival prior to dosing and twice a week post-dose.

Fig. 47 shows that masking of ProC’732 attenuates cytokine/chemokine release in

non-hurman primates.

DETAHLED DESCRIPTION
Provided herein are activatable cytokine constructs (ACCs) that exhibit a reduced
level of at least one activity of the corresponding cytokine, but which, after exposure to
an activation condition, vield a cytokine product having substantially restored activity.
Activatable cytokine constructs of the present invention may be designed to selectively
activate upon exposure to diseased tissue, and not in normal tissue. As such, these
compounds have the potential for conferring the benefit of a cytokine-based therapy, with

potentially less of the toxicity associated with certain cytokine-based therapies.
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Also provided herein are related intermediates, compositions, kits, nucleic acids,
and recombinant cells, as well as related methods, tncluding methods of using and
methods of producing any of the activatable cytokine consiructs described herein.

The inventors have surprisingly found that ACCs having the specific elements
and structural orientations described herein appear potentially effective in improving the
safety and therapeutic index of cytokines in therapy, particulary for treating cancers.
While cytokines are regulators of innate and adaptive imomune system and have broad
anti-tumor activity in pre-clinical models, their clinical success has been limited by
systemi¢ toxicity and poor systersic exposure to target tissues. The tnventors have
surprisingly found that ACCs having the specific elements and structural orientations
described herein appear to reduce the systemic toxicity associated with cytokine
therapeutics and improve targeting and exposure to target issues. As such, the present
disclosure provides a method of reducing target-mediated drug disposition (TMDD) of
cytokine therapeutics by admirustening ACCs having the specific elements and structural
orientations described herein to a subject. As such, the invention solves the problem of
sequestration of a significant fraction of the administered cytokine dose by normal
tissues, which is a problem that limits the fraction of the dose available in the systemic
circulation to reach the target tissues, e.g., cancerous tissue, in conventional cytokine
therapeutics. The present cyiokine constructs localizes target binding fo tumor tissues,
thereby maintaining potency, reducing side effects, enabling new target opportunities,
improving the therapeutic window for validated targets, creating a therapeutic window
for undruggable targets, and providing multiple binding modalities. The present
disclosure enables safe and effective systemic delivery, thereby avoiding the dose-
dependent toxicities of conventional systemic cytokine therapies, and also avoids a
requirernent for intra~tumoral injection. The present disclosure provides a means for
imparting localized anti-viral activity, immunomodulatory activity, antiproliferative
activity and pro-apoptotic activity. The inventors surprisingly found that dimerization of
the first and second monomer constructs achieves high reduction of cytokine activity, and
surprisingly discovered that the cytokine activity can be substantially reduced with very
high masking efficiency by the addition of a peptide mask at the other terminus of the
activatable construct. See, e.g., Figs. 10A-10C.

sy
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Applicant’s U.S. Provisional App. No. 63/008,542, filed April 10, 2020, and U'S.
Provisional App. No. 63/161,889 filed March 16, 2021, which describe certain
activatable cytokine constructs without an affinity peptide mask, are incorporaied herein
by reference in their entireties.

Activatable Cytokine Constructs

Activatable cytokine constructs (ACCs) of the present invention are dimer
complexes comprising a first movomer construct and a second mopomer construct.
Dimerization of the monomeric components is facilitated by a pair of dimerization
domains. In one aspect, each monomer construct includes a cytokine protein (CF), one or
more cleavable moteties (CM), a dimerization domain (DD}, and a peptide mask (PM).
The present inventors unexpectedly found that ACC structures comprising both a
dimerization domain and a peptide mask have improved masking efficiency to minimize
or eliminate off-target effects and undesired activity and/or toxic side effects of
cytokines.

In a specific embodiment, the present invention provides an activatable cytokine
construct {ACC) that includes a first monomer construct and a second monomer
construct, wherein:

{a) the first monomer construct comprises a first peptide mask (PM1)}, a first
mature cytokine protein (CP1), a first and third cleavable moieties {CM1 and CM2), and
a first dimerization domain (DD1),

wherein the CM1 is positioned between the CP1 and the DD and the

M2 is positioned between the PM1 and the CP1; and

{(b) the second monomer construct comprises a second mature eytokine protein
{(CP2), a second cleavable moiety (CM3}, and a second dimerization domain (DD2),

wherein the CM3 is positioned between the CP2 and the DD2;

wherein the D1 and the D2 bind each other thereby forming a dimer of the
first monomer construct and the second monomer construct; and

wherein the ACC is characterized by having a reduced level of at least one CP1
and/or CP2 activity as compared to a control level of the at least one CP1 and/or CP2
activity. In some embodiments, the second monomer construct further coroprises a
second peptide mask (PMZ} and a fourth cleavable moiety {CM4) positioned between the

28
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PM2Z and the CP2. In some embodiments, the first monomer construct and the second
monomer construct are identical and bind one another to form a homodimer. In other
embodiments, at least one of the CP, CM, PM, or DD components in each of the first and
second monomer constructs 1s not identical, and the first and second monomer constructs
bind one another to form a heterodimer,

The term “activatable” when used in reference to a cytokine construct, refers to a
cytokine construct that exhibits a first level of one or more activities, whereupoo
exposure to a condition that causes cleavage of one or more cleavable moieties results in
the generation of a cytokive construct that exhibits a second level of the one or more
activities, where the second level of activity is greater than the first level of activity.
Non-limiting examples of an activities include any of the exemplary activities of a
cytokine described herein or known in the art.

The term “mature cviokine protein” refers herein to a cytokine protein that lacks a
signal sequence. A signal sequence 1s also referred to herein as a “signal peptide.” A
cytokine protein (CP) may be a mature cytokine protein or a cytokine protein with a
signal peptide. Thus, the ACCs of the present disclosure may inchude a mature cytokine
protein sequence in some aspects. In some aspects, the ACCs of the present disclosure
may include a mature cytokine protein sequence and, additionally, a signal sequence. In
some aspecis, the ACCs of the present disclosure may include sequences disclosed
herein, including or lacking the signal sequences recited herein. In some embodiments, a
signal sequence is selecied from the group consisting of SEQ 1D NG 242, SEQ ID NO:
243, and SEQ ID NO: 244,

The terms “cleavable moiety” and “CM” are used interchangeably herein to refer
to a peptide, the amino acid sequence of which comprises a substrate for a sequence-
specific protease. Cleavable moieties that are suitable for use as a CM include any of the
protease substrates that are known the art. Exemplary cleavable moieties are described in
more detail below.

The terms “peptide mask™ and “PM” are used interchangeably herein to refer to
an amino acid sequence of less than 50 amino acids that reduces or inhibits one or more
activities of a cytokine protein. The PM may bind to the cytokine and limit the
interaction of the cytokine with its receptor. In some embodiments, the PM is no more

b
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than 40 amino acids in length. In preferred embodiments, the PM is no more than 20
amino acids in length. In some embodiments, the PM is no more than 19, 1§, 17, 16, or
15 aming acids in length. In some aspects, the PM has at least 13 amino acids {including
any number from 13 to 49}, In some aspects, the PM has at feast 14 amino acids
(including any number from 14 to 49). In some aspects, the PM has at least 15 amino
acids (including any number from 15 to 49). In certain aspects, the number of amino
acids in the PM may be counted as those amino acids that bind to the cytokine protein.
For example, the PM excludes large polypeptides. For example, the PM is not a latency
associated peptide. For exaruple, the PM is not a cytokine. For example, the PM s not a
receptor for a cytokine. For example, the PM is not a fragment of a receptor for a
cytokine. In some aspects, the PM does not have an amino acid sequence that is at least
85% identical to a receptor for a cytokine. For example, the PM is not an albumin. For
example, the PM excludes proteins or polypeptides having more than 50 amino acids. In
some aspects, the PM excludes proteins or polypepiides having more than 25 amino
acids. In some aspects, the PM excludes proteins or polypeptides having more than 20
amino acids. In some aspects, the PM excludes proteins or polypeptides having more
than 15 amino acids. In some aspects, the PM does not include amino acids forming
tflexible N-terminal or C-terminal tail regions.

The terms “dimerization domain” and “DD” are used interchangeably herein to
refer to one member of a pair of dimerization domains, wherein each member of the pair
is capable of binding to the other via one or more covalent or non-covalent interactions.
The first DD and the second DD may be the same or different. Exemplary DDs suitable
for use as DD and or DD2 are described in more detail herein below.

As used herein, the term “linker” refers to a peptide, the amino acid sequence of
which is not a substrate for a protease. Exemplary linkers are described in more detail
below.

As used heretn, the term “linking region” or “LR” refers to the stretch of amine
acid residues between the C-terminus of the cytokine and the amino acid residue that is
N-terminally adjacent to the proximal point of interaction between the dimerization
domains (i.e., the linking region does not include the C-terminal amino acid of the

cytokine or the N-terminal amino acid of the DD that forms the proximal point of
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interaction to the DD of the corresponding second monomer). For example, when the
DDs are a pair of Fo domains, the linking region is the stretch of amino acid residues
between the C-terminus of the cyiokine and the first N-terminal cysteine residue of the Fc
that participates in the disulfide linkage with the second Fc domain {(e.g, Cysteine 226 of
an IgGt or 1g(G4 Fe domain, according to EU numbering). When the dimerization
domain is not a polypeptide, then the linking region is the stretch of aminoe acid residues
following the C-terminus of the cytokine until the last amino acid. For example, when
the DDs are a biotin-streptavidin pair, the linking region of the bictin-containing
monomer is the stretch of amino acid residues between the C-terminus of the cyiokine
and the biotin molecule, and the linking region of the streptavidin-containing monomer is
the stretch of amino acid residues between the C-terminus of the cytokine and the
streptavidin melecule,

As used herein, the term “mask linking region” or “MLR” refers to the stretch of
amino acid residues between a PM and a CP. The MLR spans from the N-terminus of 4
CP to the C-terminus of a PM. Thus, the MLR may include a PM, a PM and a linker, or
a PM and two linkers. In some aspects, the MLR spans 15 to 22 amino acids. In some
aspects, the MLR spans 16 to 21 amino acids. In some aspects, the MLR spans 17 to 20
amino acids. In some aspects, the MLR spans 18 to 20 amino acids. In some aspects, the
MLR spans 15, 16, 17, 18, 18, 20, 21, or 22 amino acids.

As used herein, the term “masking efficiency” refers to the activity {e.g.,, EC50)
of the uncleaved ACC divided by the activity of a control cytokine, wherein the control
cytokine may be either cleavage product of the ACC or the cytokine used as the CP of the
ACC. An ACC havivg a reduced level of at least one CP1 and/or CP2 activity has a
masking efficiency that is greater than 10. In some embodiments, the ACCs described
herein have a masking efficiency that is greater than 10, greater than 100, greater than
1000, or greater than 5000,

As used heretn, the term “spacer” refers herein to an amino acid residue or a
peptide incorporated at a free terminus of the mature ACC, for example between the
signal peptide and the N-terminus of the mature ACC. In some aspects, a spacer {or
“header”) may contain glutamine (Q) residues. In some aspects, residues in the spacer

minimize aminopeptidase and/or exopeptidase action to prevent cleavage of N-terminal
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amino acids. Hlustrative and non-limiting spacer amino acid sequences may comprise or
consist of any of the following exemplary amino acid sequences: QGOSGS (SEQ ID
NQO: 246}, GOSGS (SEQ D NO: 247);, GSGS (SEQ ID NO: 2483, SGS; GS; 8,
QGQSGQG (SEQ ID NO: 249y, GOSGGG (SEQ ID NO: 251); OSGQG (SEQ 1D NO:
252, SGQG (SEQ 3 NO: 253); GQG, QG; G, QGOSGQ (SEQ ID Nk 254y, GQSGQ
(SEQ 1D NO: 255); QSGQ (SEQ D NO: 256), QGQSG (SEQ ID NO: 257); QGOS
{SEQ 1D NO: 258);, SGC; GQ,; and Q. In some embodiments, spacer sequences may be
omitted.

As used herein, a polypeptide, such as a cytokine or an Fc domatn, may be a wild-
type polypeptide (e.g., a naturally-existing polypeptide} or a variant of the wild-type
polypeptide. A variant may be a polypeptide modified by substitution, insertion, deletion
and/or addition of one or more amino acids of the wild-type polypeptide, provided that
the variant retains the basic function or activity of the wild-type polypeptide. In some
examples, a varant may have altered (e.g., increased or decreased) function or activity
comparing with the wild-type polypeptide. In some aspects, the variant may be a
functional fragment of the wild-type polypeptide. The term “functional fragment” weans
that the sequence of the polypeptide (e.g., cytokine) may include fewer amino acids than
the full-length polypeptide sequence, but sufficient polypeptide chain length to confer
activity {e.g., cytokine activity).

The first and second monomer constructs may further comprise additional
elements, such as, for example, one or more linkers, and the like. The additional
elements are described below in more detail. The organization of the CP, CM, PM, and
DD components in each of the first and second movormer constructs may be arranged in
the same order in each monomer construct. The CP1, CM1, PM1, and D1 components
may be the same or different as compared to the corresponding CP2, CM2, PM2, and
DD2 in terms of, for example, molecular weight, size, amino acid sequence of the CP,
CM, and PM components {and the DD components in embodiments where the DD
components are polypeptides), and the like. Thus, the resulting dimer may have
symmetrical or asymmetrical monomer construct components.

In some embodiments, the first monomer construct comprises, from N- to C-

terminus of the CP and CM components, the PM1, the CM3, the CP1, the CM1, and,

-
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linked directly or indirectly (via a linker) to the C-terminus of the CM1, the DD, In
other embodiments, the first monomer construct comprises from C- to N- terminus of the
CP and CM components, the PM1, the CM3, the CP1, the CM1, and, linked directly or
indirectly {via a linker) to the N-terminus of the CM1, the DD1. In some embodiments,
the second monomer construct comprises, from N- 1o C- terminal terminus of the CP and
CM components, the PM2, the CM4, the CP2, the PM2, the CM2, and, linked directly or
indirectly (via a linker) to the C-terruinus of the CM2, the DD2. In other ernbodirsents,
the second monomer construct comprises, from C- to N- terminus of the CP and CM
components, the PM2, the CM4, the CP2, the PM2, the CM2, and, linked directly or
indirectly {via a linker) to the N-terminus of the CM2, the DIX2. In one example, the first
monomer construct comprises a first polypeptide that comprises the PM1, the CM3, the
CP1, the CM1, and the DD, In one example, the second monomer construct comprises
a second polypeptide that comprises the CP2, the CMZ, and the DD2. In another
example, second roonomer construct comprises a second polypeptide that comprises the
PM2, the CM4, the CP2, the CM2, and the DD2.

In some embodiments, the CP and DD components are linked by a linker that i3
not cleavable by a protease. For example, the CP and DD components may be linked by
a non-cleavable substrate sequence (NSUB). In some embodiments, one of the first and
second monomer construcis comprises a NSUB between the CP and DD, and the other
comprises a CM between the CP and DD, In some aspects, the linker may be an amino
acid substrate sequence that includes glycine and serine residues, but is not susceptible to
protease cleavage. Examples of non-cleavable linker sequences include those described
in U.S. Patent No. 10,611,845B2, which is incorporated by reference herein by its
entirety. In such cases, the CP and/or the DD may have a cleavage site for a protease.

Hxamples of the ACCs in the present disclosure cau be presented by the following
formulae (in the form of monomer 1/monomer 2, from the N-terminus to the C-terminus
in each monomer})

PMI1-CM3-CPI-CMI-DD1/ PM2-CM4-CP2-CM2-DI2
PMI1-CM3-CPI-CMI-DD 1/ CP2-CM2-DD2
DD-CMI-CPI-CM3-PM1/ DD2-CM2-CP2-CM4-PM2
DD1-CM1-CP1-CM3-PM1 / DD2-CM2-CP2
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The ACCs may comprise one or more linkers between the components. For
exampie, the ACCs may comprise one or more linkers between PM and CP, and/or
between CP and DD, Thus, as used herein and unless otherwise stated, each dash (-}
between the ACC components represents either a direct linkage or linkage via one or
more linkers,

In some aspects, when the ACC has an orientation of N-PM-CM1-CP-CM2-DD-
C, then the entire span of amino acids from the N-terminus of the ACC to the N-terminal
amino acid of the cytokine is 17 to0 71 amino acids in length. In some aspects, when the
ACC has an onientation of N-DD-CM1-CP-CM2-PM-C, then the entire span of amino
acids from the C-terminus of the ACC to the C-terminal amino acid of the cytokine is 17
to 71 amino acids in length.

In ceriain embodiments, the first and second monomeric constructs are oriented
such that the components in each member of the dimer are organized in the same order
from N-terminus to C~terminus of the CP and OM components. A schematic of an
iltustrative ACC is provided in Fig. 1. With reference to Fig. 1, the ACC comprises,
from N-terminus to C-terminus: {1} a first monomer construet 118 having 4 PM1 119, a
CM3 117, a CP1 115, a CM1 113, and a DD1 111, and; (2) a second monomer construct
126 having optionally a PM2 129 and a CM4 127, a CP2 128, a CM2 123, and a DD2
121; and (3) one or more covalent or non-covalent bonds (€-2) bonding the first
monomer construct 118 to the second monomer construct 128, The ACC may further
comprise one of more of the optional linkers 112, 114, 116, 1138, 122, 124, 126, and 128
between the components. In one example, DD 111 and DD2 121 are the same. In
another example, DDT 111 and BD2 121 are different.

A schematic of a further illustrative ACC, with its components organized in the
reverse orientation of the ACC is provided in Fig. 2. With reference to Fig. 2, the ACC
comprises, from N-terminus to C-terminus of the CP and CM components: (1) a first
monomer construct 218 having a DD 211, a CM1 213, a CP1 215, a CM3 217, and a
PM1 219; (2) a second monomer construct 220 having a DD2 221, a CM2 223, a CP2
228, and optionally s CM4 227 and a PM2 229; and (3) one or more covalent or non-
covalent bonds {(€-¥) bonding the first monomer construct 231¢ to the second monomer

construct 228. The ACC may further comprise one or more of the optional linkers 212,
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284, 216, 218 222 224 226, and 228 between the components. In one example, DD1
211 and DD2 221 are the same. In another example, DD1 211 and DDZ 221 are
different.

A schematic of ancther illustrative ACC is provided in Fig. 3. With reference to
Fig. 3, the ACC comprises, from N-terminus to C-terminus: (1) a first monomer construct
318 having a PM1 318, a CM3 317, a CP1 315 a CM1 313, and a DD1 311 and (2} a
second monomer construct 328 having a CP2 325, a CM2 323, and a DD2 321, and
optionally a PM2 329 and a CM4 327. DD1 311 and DD2 321 are binding partners, e.g.,
a ligand/receptor pair or an antigen/antigen-binding peptide pair, so that DD1 and DD2
are covalently or non-covalently bound together. The ACC may further comprise one or
more of the optional linkers 312, 314, 316, 318, 322, 324, 326, and 328 between the
components. In one example, BDD1 311 and DD2 321 are the same. In another example,
DD1 311 and DD2 321 are different.

o alternative aspects, one of the two moieties depicted as CP1 318 and CP2 3253
is a truncated cyiokine protein that lacks cytokine activity. For example, either CP1 or
CP2 may be a truncated interferon alpha 2b having the first 151 amino acids of wild-type
interferon alpha 2b. In alternative aspects, one of the two muoieties depicted as CP1 3158
and CP2 325 is a mutated cytokine protein that lacks cytokine activity. For example,
either CP1 or CP2 may be a truncated interferon alpha 2b having a L130P mutation {(e.g.,
SEG ID NO: 329). In alternative aspects, one of the two moieties depicted as CP1 3158
and CP2 325 is a polypeptide sequence that lacks cytoking activity, e.g., a signal moiety
and/or a stub sequence. In alternative aspects, a first one of the two moieties depicted as
CP1 315 and CP2 325 is a polypeptide sequence that binds with high affinity to a second
one of the two moieties depicted as CP1 318 and CP2 325 and reduces the cytokine
activity of the second moiety as compared to the control level of the second moiety.

A schematic of another illustrative ACC, with its components organized in the
reverse orientation, is provided in Fig. 4. With reference to Fig. 4, the ACC comprises,
from N-terminus to C-terminus of the CP and UM components: (1) a first monomer
construct 410 having a DD 411, a CM1 413, a CP1 415, a CM3 417, and a PM1 419;
and {2} a second monomer construct 420 having a DD2 421, a CM2 423, a CP2 425, and

optionally a CM4 427 and a PM2 429 DD1 411 and DD2 421 are binding partners, e.g.,
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a ligand/receptor pair or an antigen/antigen-binding peptide pair, so that DD1 and DD2
are covalently or non-covalently bound together. The ACC may further comprise one or
more of the optional linkers 412, 414, 416, 418, 422, 424, 426, and 428 between the
components. [n one example, D1 411 and DD2 421 are the same. In another example,
DD 411 and D32 421 are different.

The ACC structure was discovered to be highly effective at reducing activity of
the mature cytokine protein compouents in a way that does not lead to substantially
impaired cytokine activity after activation. The CP’s activity in the ACC may be reduced
by both the structure of the ACC {e.g., the dimer structure) and the peptide mask{s) in the
ACC, In some embodiments, the activation condition for the ACCs described herein is
exposure to one or more proteases that can dissociate the CP from both the DD and the
PM. For example, the one or more proteases may cleave the UM between the CP and the
PM and the CM between the CP and the DD, As demonstrated in the Examples,
activation of the ACC resulted 1n substantial recovery of cytokine activity. The resulis
suggest that conformation of the cytokine components was not trreversibly altered within
the context of the ACC. Significantly, the inventors have discovered that the present
structure, utitizing both a dimerization domain and one or more peptide masks that have
specific binding affinity for the cytokine protein appears to resulf in a substantial masking
effect achieved over use of either a peptide mask alone or a dimerization domain alone.

The ACC may employ any of a variety of mature cytokine proteins, cleavable
moieties, peptide masks, and dimerization domains as the CP1, CP2, CM1, CM2, CM3,
CM4, PMI, PM2, DD, and DD2, respectively. For example, any of a variety of mature
cytokine proteing that are known in the art or sequence and/or truncation variants thereof,
may be suitable for use as either or both CP1 and CP2 components of the ACC. The
mature cytokine proteins, CP1 and CP2 may be the same or different. In certain specific
embodiments, CP1 and CP2 are the same. In other embodiments, CP1 and CP2 are
different. The ACC may comprise additional amino acid residues at either or both N-
and/or C-terminal ends of the CP1 and/or CP2.

In some embodiments, the CP1 and/or the CP2 may each independently comprise
a mature cytokine protein selected from the group of’ an interferon (such as, for example,

an interferon alpha, an interferon beta, an interferon gamma, an interferon tay, and an

30



10

15

25

30

WO 2022/197764 PCT/US2022/020492

interferon omega), an interleukin (such as, for example, H-1oy, IL-103, IL-1RA 11-18, 1L~
2, fL-4, 1L-7, IL-9, TL-13, [L-15, IL-3, IL-5, GM-CSE, 1L-6, [L-11, [L-21), G-CSF, 1L-12,
LIF, O8SM, IL-10, IL-20, IL-14, [L-16, IL-17, CD154, LT-B, TNF-or, TNF-§, 4-1BBL,
APRIL, CD27, CD70, CD153, CD178, GITRL, LIGHT, OX40L, OX40, TALL-1,
TRAIL, TWEAK, TRANCE, TGF-$1, TGF-B2, TGF-$3, EPOo, TPO, Flt-3L, SCF, M-
CSF, and MSP, and the like, as well as sequence and truncation variants thereof. In
particular, an ACC for use in combination may contain {L-2, IL-7, 11.-8, 1L-10, IL-12, L.~
15, IL-21, an IFN-alpha, an IFN beta, an IFN gamma, GM-CSF, TGF-beta, LIGHT,
GITR-L, CD40L, CD27L, 4-1BB-L, OX40, OX40L. For example, sequences of such
proteins include those in Table 11 and additional examples of the sequences can be
obtained from ncbinlm nih gov/protein. Truncation variants that are suitable for use in
the ACCs of the present invention include any N- or C- terminally truncated cytokine that
retains a cytokine activity. Exemplary truncation vanants emploved in the present
invention include any of the truncated cytokine polypeptides that are known in the art
{see, e.g., Slutzki et al.| J. Mol Biol 360:1019-1030, 2006, and US 200900251006}, as
well as cytokine polypeptides that are N- and/or C-terminally truncated by 1 to about 40
amino acids, 1 to about 35 amino acids, 1 to about 30 amino acids, | to about 25 amino
acids, 1 to about 20 amino acids, 1 to about 15 amino acids, 1 to about 10 amino acids, 1
to about 8§ amino acids, | to about 6 amino acids, 1 to about 4 amino acids, that retain a
cytokine activity. In some of the foregoing embodiments, the truncated CPis an N-
terminally truncated CP. In other embodiments, the truncated CP is a C-terminally
truncated CP. In certain embodiments, the truncated CP is a C- and an N-terminally
truncated CP.

In some embodiments, the CP1 and/or the CP2 each independently comprise an
amino acid sequence that is at least 80% identical {e.g., at least 82%, at least 84%, at least
86%, at least 88%, at least 90%, at least 92%, at least 94%%, at least 953%, at least 96%, at
least 97%, at least 98%, at least 99%, or 100% ideuntical) io a cytokine reference sequence
selected from the group consisting of: SEQ 1D NO: 101, SEQ D NO: 102, SEQ D NG:
103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID
NG 108, SEQ ID NO: 109, SEQ ID NO: 110, SEQ D NG: 111, SEQ I NG: 112, SEQ
IDNG: 113, SEQ IDNG: 114, SEQ ID NQ: 115, SEG ID NQO: 116, SEG ID NO: 117,
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SEG ID NO: 118, SEG ID NO: 119, SEQ D NG: 12, SEG ID NQG: 121, SEQ D NO:
122, SEQ ID NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO- 126, SEQ ID
NG: 127, SEQ D NO: 128, SEQ 1D NO: 129, SEQ ID NG: 130, SEQ D NG: 131, SEQ
ID NO: 132, SEQ ID NO: 133, SEQ ID NO: 134, SEQ ID NGO: 135, SEQ ID NO: 136,
SEG ID NG: 137, SEQ D NG: 138, SEQ 1D NO: 139, SEQ ID NO: 140, SEQ 1D NG:
141, SEQ ID NO: 142, SEQ ID NO: 143, SEQ 1D NG: 144, SEQ ID NO: 145, SEQ ID
NO: 146, SEQ ID NO: 147, SEQ 1D NO: 148, SEQ ID NO- 149, SEQ ID NO: 150, SEQ
ID NO: 151, SEQ ID NO: 152, SEQ ID NO: 153, SEQ ID NO: 154, SEQ ID NO: 155,
SEQ D NO: 156, SEQ D NO: 157, SEQ ID NGO: 158, SEQ ID NO: 159, SEQ ID NO:
160, SEQ ID NO: 161, SEQ ID NO: 162, SEQ ID NO: 163, SEQ ID NO. 164, SEQ ID
NO: 165, SEQ ID NO: 166, SEQ ID NO: 167, SEQ ID NO: 168, SEQ ID NO: 169, SEQ
ID NO: 170, SEQ ID NO: 171, SEQ ID NO: 172, SEQ ID NO: 173, SEQ ID NO: 174,
SEQ ID NO: 175, SEQ ID NO: 176, SEQ ID NO: 177, SEQ ID NO: 178, SEQ ID NO:
179, SEQ 1D NO: 180, SEQ ID NO: 181, SEQ ID NG: 182, SE(} 1D NO: 183, SEQ ID
NG: 184, SEQ ID NO: 185, SEQ ID NO: 186, SEQ ID NG: 187, SEQ ID NO: 188, SEQ
ID NO: 189, SEQ ID NO: 190, SEQ ID NO: 191, SEQ ID NO: 192, SEQ ID NO: 193,
SEQ ID NO: 194, SEQ ID NO: 195, SEQ ID NO: 196, SEQ ID NO- 197, SEQ ID NO:
198, SEQ ID NO: 199, SEQ ID NO: 200, SEQ ID NO: 201, SEQ ID NO: 202, SEQ ID
NG 203, SEQ ID NO: 204, SEQ 1D NO: 208, SEQ 1D NG: 200, SEQ D NO: 207, SEQ
ID NG: 208, and SEQ ID NO: 209, The percentage of sequence identity refers to the
fevel of amino acid sequence identity between two or more peptide sequences when
aligned using a sequence alignment program, e.g., the suite of BLAST programs, publicly
available on the Internet at the NCBI website. See also Altschul et al, J. Mol. Biol.
215:403-10, 1990. In some aspects, the ACC includes an interferon alpha 2b mutant, for
example, an interferon alpha 2b molecule baving a mutation at position L130, e.g., L130P
mutation relative to SEQ ID NO: 1 {e.g., SEQ ID NO: 329}, as either CP1 or CP2. In
some aspects, the ACC includes an interferon alpha 2b mutant having a mutation at
position 124, Fo4, 160, 163, Fo64, W76, 1116, L117, F123, or L128, or a combination
thereof. For example, the interferon alpha 2b mutant may include mutations [116 to T, N.
or R; L128 to N, H, or R; 124 to Por G, L117H; or L1287, or a combination thereof, In

some aspects, the interferon alpha 2b mutant may include mutations 12443, 160T, Fo4A,
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W76H, 1116R, and L128N, or a subset thereof. In some aspects, the ACC includes as one
of CP1 and CP2 a truncated interferon alpha 2b molecule that facks cytokine activity. For
example, the truncated interferon alpha 2b may consist of 151 or fewer amino acids of
interferon alpha 2b, e.g.. any one of amino acids in the wild-type interferon alpha 2b
sequence from N to C-terminus: 10 151, 110 150, 110 149, 110 148, .. 14010, 1 t0 9,
1108, 1107, 1106, 0r 2t 151, 3t0 151, 4 t0 151, 510 150, 6 10 149, 7 to 148, & to 147,
or any intervening sequence of amino acids or mutants thereof.

In certain specific embodiments, the CP1 and/or the CP2 comprise an interferon.
Interferons that are suitable for use in the constructs of the present invention as CP1
and/or CP2 include, for example, an interferon-alpha, an interferon-beta, an interferon-
gamma, an interferon-omega, and an interferon-tau. In some embodiments, when the
interferon is an interferon alpha, it may be an interferon alpha-Za, an interferon alpha-2b,
or an interferon alpha-n3. Further examples of interferon alpha include interferon alpha-
1, interferon alpha-4, interferon alpha-S, interferon alpha-6, interferon alpha-7, interferon
alpha-8, interferon alpha-10, interferon alpha-13, interferon alpha-14, interferon alpha-
16, interferon alpha-~17, and interferon alpha-21. In some embodiments, the interferon is
a recombinant or purified interferon alpha. In certain embediments, when the interferon
is an interferon-beta, it is selected from the group counsisting of an interferon beta-1a and
an interferon beta-1b. In some embodiments, the CP1 and/or the CP2 comprises an [Fab
domain, which is a conserved protein domain found in interferon alpha or interferon beta.
The IFab domain is responsible for the cviokine release and antivirus functions of
interferons.  Exemplary IFab sequences are provided in SEQ ID Nos: 482-491. In one
example, the CP1 and the CP2 are different iuterferons. o another example, the CP1 and
the CP2 are the same interferon.

In some embodiments, the CP1 and/or the CP2 exhibit{s) an interferon activity
and include(s) an amino acid sequence that is at least 80% identical, at least 82%
identical, at least 84% identical, at least 86% identical, at least 88%4 identical, at least
90% 1dentical, at least 92% 1dentical, at least 94% identical, at least 96% identical, at
least 98% identical, or at least 99% identical, or 100% identical to an interferon alpha
reference sequence selected from the group consisting of SEQ 1D NO: 1, SEQ 11 NO:
101, SEQ ID NO: 102, SEQ 1D NO: 103, SEQ ID NO: 104, and SEQ ID NO: 105, In
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certain specific embodiments, the interferon alpha reference sequence is SEQ ID NO: 1
(human interferon alpha-2b).  In some embodiments, the CP1 and/or the CP2 comprise a
mature alpha interferon having an amino acid sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NG: 101, SEQ ID NO: 102, SEG ID NO: 103, SEQ
1D NG 104, and SEQ 1D NO: 105, In certain embodiments, the CP1 and/or the CP2
comprise a mature human alpha interferon having the amino acid sequence of SEQ 1D
NG: 1. In some of the above-described embodiments, the CP1 and the CP2 comprise the
same amino acid sequence.

o other embodunents, the CP1 and/or the CP2 exhibit{s} an interferon activity
and include(s) an amino acid sequence that is at least 80% identical, at least 82%
identical, at least 84% identical, at least 86% identical, at least 88% identical, at least
90% identical, at least 92% identical, at least 94% identical, at least 96% identical, at
least 98% identical, or at least 99% identical, or 100% identical to an interferon beta
reference sequence selected from the group cousisting of SEQ 1D NO: 106, SEQ ID NO:
107, SEQ 1D NGO: 108, and SEQ D NO: 109, In certain embodiments, the interferon
beta reference sequence is a human interferon beta reference sequence selected from the
group consisting of SEQ [ NG: 106 and SEQ ID NO: 107, In some embodiments, the
CP1 and/or the CP2 comprise a mature beta interferon having an amino actd sequence
selected from the group consisting of SEQ 13 NG 166, SEQ 1D NO: 107, SEQ ID NO:
108, and SEQ 1D NO: 109, In some of the above-described embodiments, the CP1 and
the CP2 comprise the same amino acid sequence.

In some embodiments, the CP1 and/or CP2 exhibit(s) an interferon activity and
include(s) an amino acid sequence that is at least 80% identical, at least B2% identical, at
least 84% identical, at least 86% identical, at least 88% identical, at least 90% identical,
at least 92% identical, at least 94% identical, at least 96% identical, at least 98%
identical, or at least 99% identical, or 100% identical to an interferon omega reference
sequence corresponding to SEQ ID NO: 110 (human interferon omega). In certain
specific embodiments, the CP1 and/or CPZ comprise a mature human omega interferon
having the amino acid sequence of SEQ ID NG: 110 In some of the above-described

embodiments, the CP1 and the CP2 comprise the same amino acid sequence,
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In some embodiments, the CP1 and/or the CP2 exhibit(s) an interleukin activity
and include(s) an amino acid sequence that is at least 80% identical, at least 82%, at least
4%, at least 86%%, at least 88%%, at least 90%, at feast 92%, at leasi 94%, at least 95%, at
teast 96%, at least 97%, at least 98%, or at least 99% identical or 100% identical to an
interleukin reference sequence selected from the group consisting of: SEQ ID NG: 111,
SEGID NQG: 112, SEG ID NO: 113, SEQ D NO: 114, SEQ 1D NG: 115, SEQ ID NO:
116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO- 119, SEQ ID NO: 12, SEQ ID
NO: 121, SEQ ID NO: 122, SEQ ID NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ
ID NQO: 126, SEQ ID NG: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEG ID NO: 130,
SEGID NG: 131, SEQ D NG: 132, SEQ 1D NO: 133, SEQ ID NO: 134, SEQ 1D NG:
135, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, SEQ ID
NG 140, SEQ D NG: 143, SEQ 1D NO: 144, SEQ ID NG 145, SEQ D NO: 146, SEQ
1D NO: 151, SEQ ID NO: 152, SEQ ID NO: 153, SEQ ID NO: 154, SEQ ID NO: 155,
SEQ D NO: 156, SEQ D NO: 157, SEQ ID NG: 158, SEQ ID NO: 159, and SEQ ID
NG 160, In some embodiments, CP1 and/or CP2 comprises a mature interleukin having
an amino acid sequence selected from the group consisting of: SEQ ID NG: 111, SEQ ID
NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NG: 116, SEQ
1D NO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID NO: 12, SEQ ID NO: 121,
SEQ D NO: 122, SEQ 1 NO: 123, SEQ D NO: 124, SEQ ID NO: 125, SEQ ID NO:
126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID NO- 130, SEQ ID
NG: 131, SEQ D NO: 132, SEQ 1D NO: 133, SEQ ID NQ: 134, SEQ 1D NG: 135, SEQ
1D NO: 136, SEQ ID NO- 137, SEQ ID NO: 138, SEQ ID NO: 139, SEQ ID NO: 140,
SEQ ID NO: 143, SEQ ID NO: 144, SEQ ID NO: 145, SEQ ID NO- 146, SEQ ID NO:
151, SEQ ID NG: 152, SEQ D NO: 153, SEQ 1D NO: 154, SEQ ID NO: 155, SEQID
NO: 156, SEQ ID NO: 157, SEQ ID NO: 158, SEQ ID NO- 159, and SEQ ID NO: 160.
In some of the above-described embodiments, the CP1 and the CP2 comprise the same
amino acid sequence.

In some embodiments, CP1 and/or CP2 exhibit(s) an interleukin activity and
include(s) an amino acid sequence that is at least 80% identical, at least 82%, at least
84%, at least 86%%, at least 88%%, at least 90%, at least 92%, at least 94%, at least 95%, at

least 96%, at least 97%, at least 98%%, or at least 99% identical to an interleukin reference
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sequence selected from the group consisting of SEQ ID NG: 111 (human [L-1 alpha},
SEG ID NO: 113 (human IL-1 beta), SEQ ID NG: 115 (human IL-1RA), SEQ ID NOG:
117 (human [L-18), SEQ 1D NO: 119 (human 1L-2), SEQ ID NO: 121 (human [L-4),
SEQ ID NO: 123 (human [L-7), SEG ID NO: 125 (human IL-9), SEQ ID NO: 127
{(human 11.-13}), SEQ 1D NO: 129 (human {L.-15)}, SEQ D NO: 131 (human 11-3), SEQ
ID NGO 133 (human IL-5}, SEQ D NO: 137 (human H.-6), SEQ ID NO: 139 (human [L-
11), SEQ ID NGO 143 (human {L-12 alpha), SEQ ID NG 144 (human [L-12 beta), SEQ
D NO: 151 (human 1L-10), SEQ ID NO: 153 (human [L-20); SEQ ID NO: 155 (human
{L~14), SEQ 1D NG 157 (human IL-16), and SEQ ID NO: 159 (human [E-17). In
ceriain of these embodiments, CP1 and/or CP2 comprise an amino acid sequence from
the group consisting of SEQ ID NG 111 (human IL-1 alpha), SEQ ID NO: 113 (human
I1-1 beta), SEQ D NG 115 ¢human IL-1RA), SEQ ID NO: 117 (human 1L-18), SEQ ID
NG: 119 (human IL-2), SEQ ID NG: 121, SEQ ID NO: 123 (human IL-7), SEQ ID NO:
125 (buman IL-9), SEQ ID NG: 127 (human [L-13), SEQ ID NGO: 129 (human [L-15},
SEG ID NO: 131 (human [L-3), SEQ 1D NO: 133 (human [L-3), SEQ ID NO: 137
(human L.-6}, SEQ 1D NO: 139 (human [L-11), SEQ ID NO: 143 (hursan 1L-12 alpha),
SEQ ID NO: 144 (human 1L-12 beta), SEQ 1D NG: 151 (human [L-10), SEQ 1D NO: 153
{(human IL-20); SEQ ID NO: 155 (human IL-14), SEQ 1D NO: 157 (human IL-16), and
SEQ D NO: 159 (human IL-17). In some of the above-described embodiments, the CP1
and the CP2 comprise the same amino acid sequence.

The number of amino acids in the sequence of the cytokine proteins employed
may vary, depending on the specific cytokine protein employed. In some embodiments,
the CP1 and/or the CP2 includes a total of about 10 amino acids to about 700 amino
acids, about 10 amino acids to about 650 amino acids, about 10 amino acids to about 600
amino acids, about 10 amino acids to about 550 amino acids, about 10 amino acids to
about 500 amino acids, about 10 amino acids to about 450 amino acids, about 10 amino
acids to about 400 amino acids, about 10 amino acids to about 350 amino acids, about 10
amino acids to about 300 amino acids, about 10 amino acids to about 250 amine acids,
about 10 amino acids to about 200 amino acids, about 10 aminoe acids to about 150 amino
acids, about 10 amino acids to about 100 amino acids, about 10 amino acids to about 80

amino acids, about 10 amino acids to about 60 amino acids, about 10 amino acids to
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about 40 amino acids, about 10 amino acids to about 20 amino acids, about 20 amino
acids to about 700 amino acids, about 20 amino acids to about 650 amino acids, about 20
aming acids to about 600 amine acids, about 20 amino acids to about 550 amino acids,
about 20 amino acids to about 500 amino acids, about 20 amino acids to about 450 amino
acids, about 20 amino acids to about 400 amino acids, about 20 amino acids to about 350
amino acids, about 20 amino acids to about 300 amino acids, about 20 amino acids to
about 250 amino acids, about 20 amino acids to about 200 amino acids, about 20 amino
acids to about 150 amino acids, about 20 amino acids to about 100 amino acids, about 20
amino acids o about 80 amino actds, about 20 amino acids to about 60 amino acids,
about 20 aming acids to about 40 amino acids, about 40 amino acids to about 700 amine
acids, about 40 aminoe acids to about 650 amino acids, about 40 amino acids to about 600
amino acids, about 40 amine acids to about 550 amino acids, about 40 amino acids to
about 500 amino acids, about 40 amino acids to about 450 amino acids, about 40 amino
acids to about 400 amino acids, about 40 amino acids to about 350 amino acids, about 40
amino acids to about 300 amino acids, about 40 amino acids to about 250 amino acids,
about 40 amino acids to about 200 amino acids, about 40 amino acids to about 150 amino
acids, about 40 amino acids to about 100 amino acids, about 40 amino acids to about 80
amino acids, about 40 amino acids to about 60 amino acids, about 60 amino acids to
about 700 amino acids, about 60 amino acids to about 650 amino acids, about 60 amino
acids to about 600 amino acids, about 60 amino acids to about 550 amino acids, about 60
amino acids to about 500 amine acids, about 60 amino acids to about 450 amino acids,
about 60 amino acids to about 400 amino acids, about 60 amino acids to about 350 amino
acids, about 60 amino acids to about 300 amino acids, about 60 amino acids to about 250
amino acids, about 60 amino acids to about 200 amino acids, about 60 amino acids to
about 150 amino acids, about 60 amino acids to about 100 amino acids, about 60 amino
acids to about 80 amino acids, about 80 amino acids to about 700 amino acids, about 80
amino acids to about 650 amino acids, about 80 amino acids to about 600 amino acids,
about 80 amine acids to about 550 amino acids, about 80 amino acids to about 500 amino
acids, about 80 amino acids to about 450 amino acids, about 80 amino acids to about 400
amino acids, about 30 amino acids to about 350 amino acids, about 80 amino acids to

about 300 amino acids, about 80 amino acids to about 250 amino acids, about 80 amino
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acids to about 200 aminec acids, about 80 amino acids to about 150 amino acids, about 80
amino acids to about 100 amino acids, about 100 amino acids to about 700 amino acids,
about 100 amino acids to about 650 amine acids, about 100 amine acids to about 600
amino acids, about 100 amino acids to about 350 amino acids, about 100 amino acids to
about 500 aming acids, about 100 amino acids to about 450 amino acids, about 100
amino acids to about 400 amino acids, about 100 amino acids to about 350 amino acids,
about 100 amino acids to about 300 amino acids, about 100 amino acids to about 250
amino acids, about 100 amino acids to about 200 amino acids, about 100 amino acids to
about 150 amino acids, about 150 amino acids to about 700 amino acids, about 150
amino acids to about 650 amino acids, about 150 amino acids to about 600 aming acids,
about 150 amino acids to about 550 amino acids, about 150 amino acids to about 560
amino acids, about 150 amino acids to about 450 amino acids, about 150 amino acids to
about 400 amino acids, about 150 amino acids to about 330 amino acids, about 150
amino acids o about 300 amino acids, about 150 amino acids to about 250 amino acids,
about 150 amine acids to about 200 amino acids, about 200 aminoe acids to about 760
amino acids, about 200 amino acids to about 650 amino acids, about 200 amino acids to
about 600 amino acids, about 200 amino acids to about 5350 amino acids, about 200
amino acids to about 500 amino acids, about 200 amino acids to about 450 amino acids,
about 200 amino acids to about 400 amino acids, about 200 amino acids to about 350
amino acids, about 200 amino acids to about 300 amino acids, about 200 amino acids to
about 250 amino acids, about 250 amino acids to about 700 amino acids, about 250
amino acids to about 650 amino acids, about 250 amino acids to about 600 amino acids,
about 250 amino acids to about 550 amino acids, about 250 amino acids to about 5360
amino acids, about 250 amino acids to about 450 amino acids, about 250 amino acids to
about 400 amino acids, about 250 amino acids to about 350 amino acids, about 250
amino acids to about 300 amino acids, about 300 amino acids to about 700 amino acids,
about 300 amino acids to about 6530 amino acids, about 300 amino acids to about 660
amino acids, about 300 amino acids to about 550 amino acids, about 300 amino acids to
about 500 amino acids, about 300 amino acids to about 450 amino acids, about 300
amino acids to about 400 amino acids, about 300 amino acids to about 350 amino acids,

about 350 amino acids to about 700 amino acids, about 350 amino acids to about 650

44



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

amino acids, about 350 amino acids to about 600 amino acids, about 350 amino acids to
about 550 amino acids, about 350 amino acids to about 500 amino acids, about 350
amino acids to about 450 amino acids, about 350 amino acids to about 400 amino acids,
about 400 aminoe acids to about 700 amino acids, about 400 amino acids to about 630
amino acids, about 400 amino acids to about 600 amino acids, about 400 amino acids to
about 5350 amino acids, about 400 amino acids to about 500 amino acids, about 400
amino acids to about 450 amino acids, about 450 amino acids to about 700 amino acids,
about 450 amino acids to about 630 amino acids, about 450 amino acids to about 660
amino acids, about 450 amino acids to about 550 amino acids, about 450 amino acids to
about 500 aming acids, about 500 amino acids to about 700 amino acids, about 500
amino acids to about 650 amino acids, about 500 amino acids to about 600 amino acids,
about 500 amino acids to about 550 amino acids, about 350 amino acids to about 700
amino acids, about 350 amino acids to about 650 amino acids, about 550 amino acids to
about 600 amino acids, about 600 amino acids to about 700 amino acids, about 600
amino acids to about 650 amino acids, or about 650 amino acids to about 700 amino
acids. In some embodiments, CP1 and/or the CP2 is 3 mature wildtype human cytokine
protein.

Each monomer construct of the ACC may erploy any of a variety of dimerization
domains. Suitable DDs include both polymeric {e.g., a synthetic polymer, a polypeptide,
a polynucleotide, and the like} and small molecule (non-polymeric moieties having a
molecular weight of ess than about 1 kilodalton, and sometimes fess than about 800
daltons) types of moieties. The pair of DDs may be any pair of moieties that are known
in the art to bind to each other.

For example, in some embodiments, the DD and the DD2 are members of a pair
selected from the group of’ a sushi domain fromw an alpha chain of buman IL-15 receptor
(1L 15Ro) and a soluble 11.-13; barnase and barnstar; a protein kinase A (PKA) and an A-
kinase anchoring protein (AKAP); adapter/docking tag molecules based on mutated
RNase I fragments; a pair of antigen-binding domains {e.g., a pair of single domain
antibodies}), soluble N-ethyl-maleimide sensitive factor attachment protein receptors
{SNARE); modules based on interactions of the proteins syntaxin, synaptotagmin,
synapiobrevin, and SNAPIS; a single domain antibody (sdAb) and corresponding
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epitope; an antigen-binding domain {e.g., a single chain antibody such as a single chain
variable fragment {scFv}, a single domain antibody, and the like) and a corresponding
epitope; cotled coil polypeptide structions {e.g., Fos-Jun coiled coil structures, acid/base
coiled-cail helices, Glu-Lys cotled coil helices, leucine zipper structures), small molecule
binding pairs such as biotin and avidin or streptavidin, amine/aldehyde,
lectin/carbohvdrate; a pair of polymers that can bind each other, such as, for example, a
pair of sulfur- or thiol-containing polymers {(e.g., a pair of F¢ domaius, a pair of thiolized-
human serum albumin polypeptides, and the like}); and the like.

fo some embodiments, the BDT and DD2 are non-polypeptide polymers. The
non-polypeptide polymers may covalently bound to each other. In some examples, the
non-polvpeptide polymers may be a sulfur-containing polymer, e.g., sulfur-containing
polyethylene glycol. In such cases, the BD1 and D2 may be covalently bound to each
other via one or more disulfide bonds.

When the pair of DD and DD2 are members of a pair of epitope and antigen-
binding domain, the epitope may be a naturally or non-naturally cecurring epitope.
Exerplary non-vaturally occurring epitopes include, for example, a non-naturally
occurring peptide, such as, for example, a poly-His peptide (e g, a His tag, and the like).

o certain specific embodiments, the DD and the DD2 are & pair of Fo domains.
As used herein, an “Fc domain” refers to a contiguous amino acid sequence of a single
heavy chain of an immunoglobulin, e g, the CH2Z-CH3 domains of IgG, IgA, or Igh, or
the CH2-CH3-CH4 domains of Igh or [gM. A pair of Fc domains associate together to
form an F¢ region of an immunoglobulin,

In some embodiments, the pair of Fc domains is a pair of human Fe domains
(e.g., a pair of wildtype human Fc domains). In some embodiments, the human Fe
domains are human IgG1 Fe domains (e.g., wildtype human IgG1 Fc domaius), buman
1gG2 Fc domains {e.g., wildtype human IgG2 Fc domains}, human IgG3 Fe domains
{e.g., wildtype human IgG3 Fe domains), or human IgG4 Fe domains (e g, wildtype
human 1gG4 Fc domains). In some embodiments, the human Fc domains comprise a
sequence that is at least 80% identical (e g., at least 82%, at least 84%, at least 85%, at
least 8%, at least 88%, at least 90%, at least 92%, at least 94%, at least 95%, at least

O6%, at feast 97%, at least 98%, at least 99%, or 100% identical) to SEQ ID NO: 3.
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In some embodiments, the pair of Fe domains comprise a knob mutant and a hole
mutant of a Fc domain. The knob and hole mutants may interact with each other to
facilitate the dimerization. In some embodiments, the knob and hole mutants may
comprise one or more amino acid modifications within the interface between two Fe
domains {e.g., in the CH3 domain). In one example, the modifications comprise amino
acid substitution T366W and optionally the amino acid substitution 8354C in one of the
antibody heavy chaius, and the amino acid substitutions T3668, L368A, Y407V and
optionally Y349C in the other one of the antibody heavy chains (numbering according to
EU index of Kabat numbering system). Examples of the knob and hole mutants include
Fc mutants of SEQ ID NOs: 318 and 319, as well as those described in 1.8, Pat. Nos.
5,731,168, 7,695 936; and 10,683,368, which are incorporated herein by reference in
their entireties. In some embodiments, the dimerization domains comprise a sequence
that is at least 80% identical {e.g., at least 82%, at least 84%, at least 859, at least 8%,
at feast 38%, at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at least
7%, at least 98%, at least 99%, or 100% identical) to SEQ D NOs: 318 and 319,
respectively.

In some embodiments, DD and/or DD2 can further include a serum half-life
extending moiety {e.g., polypeptides that bind serum proteins, such as immunogiobulin
{e.g., [g(3) or serum albumin {(e.g., human serum albumin (HSA)). Examples of half-life
extending moieties include hexa-hat GST {(glutathione S-transferase) glutathione affinity,
Calmodulin-binding peptide (CBP), Strep-tag, Cellulose Binding Domain, Maltose
Binding Protein, S-Peptide Tag, Chitin Binding Tag, Immuno-reactive Epitopes, Epitope
Tags, E2Tag, HA Epitope Tag, Myc Epitope, FLAG Epliope, AUT and AUS Epitopes,
Glu-Glu Epitope, KT3 Epitope, IRS Epitope, Btag Epitope, Protein Kinase-C Epitope,
and VSV Epttope.

In some embodiments, DD and/or DD2 each include a total of about 5 amino
acids to about 250 amino acids, about 5 amino acids to about 200 amino acids, about 5
amino acids to about 180 amino acids, about 5 amino acids to about 160 amino acids,
about 5 amino acids to about 140 amino acids, about 5 amino acids to about 120 amino
acids, about 5 amino acids to about 100 amino acids, about 3 aming acids to about 80

amino acids, about 5 amino acids to about 60 amino acids, about 5 amino acids to about
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40 amine acids, about 5 amino acids to about 20 amino acids, about 5 amino acids to
about 10 amino acids, about 10 amino acids to about 250 amino acids, about 10 amino
acids to about 200 amino acids, about 10 amino acids to about 180 amino acids, about 10
amino acids to about 160 amino acids, about 10 amino acids to about 140 amino acids,
about 10 aminc acids to about 120 amino acids, about 10 amino acids to about 100 amino
acids, about 10 aminoc acids to about 80 amino acids, about 10 amino acids to about 60
amino acids, about 10 amino acids to about 40 amino acids, about 10 amino acids to
about 20 amino acids, about 20 amino acids to about 250 amino acids, about 20 amino
acids to about 200 amino acids, about 20 amino acids to about 180 amino acids, about 20
amino acids to about 160 aming acids, about 20 amino acids to about 140 amino acids,
about 20 amino acids to about 120 amino acids, about 20 amino acids to about 100 amino
acids, about 20 amino acids to about 80 amino acids, about 20 aming acids to about 60
amino acids, about 20 amino acids to about 40 amino acids, about 40 amino acids to
about 250 amino acids, about 40 amino acids to about 2060 amino acids, about 40 amino
acids to about 180 amino acids, about 40 amino acids to about 160 amino acids, about 40
arino acids to about 140 amino acids, about 40 amino acids to about 120 amino acids,
about 40 amino acids to about 100 amino acids, about 40 amino acids to about 80 amino
acids, about 40 amino acids to about 60 amino acids, about 60 amino acids to about 250
amino acids, about 60 amino acids to about 200 amino acids, about 60 amino acids to
about 180 amino acids, about 60 amino acids to about 160 amino acids, about 60 amino
acids to about 140 amino acids, about 60 amino acids to about 120 aming acids, about 60
amino acids to about 100 amino acids, about 60 amino acids to about 80 amino acids,
about 80 amino acids to about 250 amino acids, about 80 amino acids to about 200 amino
acids, about 80 amino acids to about 180 amino acids, about 80 amino acids to about 160
amitno acids, about B0 amino acids to about 140 amino acids, about 80 amino acids to
about 120 amino acids, about 80 amino acids to about 100 amino acids, about 100 amino
acids to about 250 amino acids, about 100 amino acids to about 200 amino acids, about
100 amino acids to about 180 amino acids, about 100 amine acids to about 160 amino
acids, about 100 amino acids to about 140 amino acids, about 100 amino acids to about
120 aming acids, about 120 amino acids to about 250 amino acids, about 120 amino acids

to about 200 amino acids, about 120 amino acids to about 180 amino acids, about 120
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amino acids to about 160 amino acids, about 120 amino acids to about 140 amino acids,
about 140 amino acids to about 250 amino acids, about 140 amino acids to about 200
amino acids, about 140 amino acids to about 180 amino acids, about 140 amino acids to
about 160 amino acids, about 160 amino acids to about 250 amino acids, about 160
amino acids to about 200 amine acids, about 160 amino acids to about 180 aming acids,
about 180 amino acids to about 250 amine acids, about 180 amino acids to about 200
amino acids, or about 200 amino acids to about 250 amino acids. In some embodiments,
DD1 and DD2 are each an Fc domain that comprises a portion of the hinge region that
includes two cysteine residues, a CH2 domain, and a CH3 domain. In some
embodiments, BD1 and DI are cach an Fc domain whose N-terminus is the first
cysteine residue {reading in the N- to C- direction) in the hinge region that participates in
a disulfide linkage with a second Fc domain (e.g., Cysteine 226 of human IgG1 or g4,
using EU numbering).

fn some aspects, positioned between the CP and the DB, and/or between the CP
and the PM components, either directly or indirectly (e.g., via a linker), is a cleavable
moiety that coroprises a substrate for a protease. In some embodiments, the CMs may
each independently comprise a substrate for a protease selected from the group consisting
of ADAMS, ADAMO, ADAMI0, ADAMI12, ADAMIS, ADAMI17/TACE, ADEMDECH,
ADAMTST, ADAMTSY, ADAMTSS, BACH, Renin, Cathepsin D, Cathepsin E, Caspase
1, Caspase 2, Caspase 3, Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase
9, Caspase 10, Caspase 14, Cathepsin A, Cathepsin B, Cathepsin C, Cathepsin G,
Cathepsin K, Cathepsin L, Cathepsin 8, Cathepsin V/L2, Cathepsin X/Z/P, Chymase,
Cruzipain, DESCI, DPP-4, FAP, Legumain, Otubain-2, Elastase, FVIla, FiXA, FXa,
FXla, FXla, Granzyme B, Guanidinobenzoatase, Hepsin, HirAl, Human Neutrophi!
Flastase, KILK4, KLKS, KLK6, KLK7 KLK3, KLE10, KLK11, KLK13, KLK 14,
Lactoferrin, Marapsin, Matriptase-2, Meprin, MT-8P1/Matriptase, Neprilysin, NS3/4A,
PACEA4, Plasmin, PSMA, PSA, BMP-1, MMP1, MMP2, MMP3, MMP7, MMPS,
MMP9, MMP10, MMP1T1, MMPI2, MMPI3, MMP14, MMP15, MMP16, MMP17,
MMP19, MMP20, MMP23, MMP24, MMP26, MMP27, TMPRSS2, TMPRSS3,
TMPRSS4, PA, Thrombin, Tryptase, and uPA, and any combination of two or more
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In some embodiments of any of the ACCs described herein, the protease that
cleaves any of the CMs described herein can be ADAMB, ADAM9, ADAMIQ,
ADAMIZ, ADAMIS, ADAMIT/TACE, ADAMBECT, ADAMTST, ADAMTS4,
ADAMTSS, BACE, Renin, Cathepsin D, Cathepsin E, Caspase 1, Caspase 2, Caspase 3,
Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase 9, Caspase 10, Caspase
14, Cathepsin B, Cathepsin C, Cathepsin K, Cathespin L, Cathepsin S, Cathepsin V/L2,
Cathepsin X/Z/P, Cruzipain, Legumain, Otubain-2, KLK4, KLKS, KLKS, KLK7 KLER,
KEKI0, KLK11, KEK13, KLK 14, Meprin, Neprilysin, PSMA, BMP-1, MMP-1, MMP-
2, MMP-3, MMP-7, MMP-9, MMP-10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-
15, MMP-16, MMP-17, MMP-19, MMP-20, MMP-23, MMP-24, MMP-26, MMP-27,
activated protein C, cathepsin A, cathepsin G, Chymase, FVila, FIXa, FXa, FXla, FXIia,
Flastase, Granzyme B, Guanidinobenzoatase, HirA 1, human neutrophil lvase, lactoferrin,
marapsin, NS3/4A PACE4, Plasmin, PSA, tPA, thrombin, tryptase, uPA, DESCI, DPP-
4, FAP, Hepsin, Matriptase-2, MT-SP1/Matripase, TMPRSS2, TMPRSS3, and
TMPRSS4, and any combination of two or more thereof.

In some embodiments of any of the ACCs described herein, the protease is
selected from the group oft uPA, legumain, MT-8P1, ADAMI7, BMP-1, TMPRSS3,
TMPRSS4, MMP-2, MMP-9, MMP-12, MMP-13, and MMP-14.

Increased levels of proteases having known substrates have been reported ina
number of cancers. See, e.g., La Roca et al | British J. Cancer 90(7):1414-1421, 2004,
Substrates suitable for use in the CMs components employed herein include those which
are more prevalently found in cancerous cells and tissue. Thus, in certain embodiments,
CMs each independently comprise a subsirate for a protease that is more prevalently
found in diseased tissue associated with a cancer. In some embodiments, the cancer is
selected from the group of" gastric cancer, breast cancer, osteosarcoma, and esophageal
cancer. In some embodiments, the cancer is breast cancer. In some embodiments, the
cancer is a HER2-positive cancer. In some embodiments, the cancer 13 Kaposi sarcoma,
hairy cell leukemia, chronic myeloid leukemia (CML), follicular lymphoma, renal cell
cancer {RCC), melanoma, neuroblastoma, basal cell carcinoma, cutaneous T-cell
lymphoma, nasopharyngeal adenocarcimoa, breast cancer, ovarian cancer, bladder

cancer, BCG-resistant non-muscle invasive bladder cancer (NMIBC), endometrial
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cancer, pancreatic cancer, non-small cell lung cancer (NSCLC), colorectal cancer,
esophageal cancer, gallbladder cancer, glioma, head and neck carcinoma, uterine cancer,
cervical cancer, or testicular cancer, and the like. In some of the above-described
embodiments, the CM compoenents comprise substrates for protease(s) that is/are more
prevalent in tumor tissue

In some embodiments, CMs each independently include(s) a sequence selected
from the group consisting of SEQ 1D NO: 5 through SEQ ID NG: 100, as well as C-
terminal and N-terminal truncation variants therecof.

o some embodiments, the CM includes a sequence selected from the group of:
ISSGLLSGRSDNH (SEG ID NO: 28}, LSGRSDDH (SEQ ID NO: 33),
ISSGLLSGRSDGH (SEQ ID NO: 54), and ISSGLLSGRSDNI (SEQ ID NO: 68).

In certain embodiments, CM1 and/or CM1 include(s) a sequence selected from
the group oft AQNLLGMY (SEQ ID NO: 264), LSGRSDNHGGAVGLLAPP (SEQ ID
NG: 265), VHMPLGFLGPGGLSGRSDNH (SEQ ID NO: 266),
LSGRSDNHGGVHMPLGFLGP (SEQ 1D NO: 267), LSGRSDNHGGSGGSISSGLLSS
(SEQ ID NO: 268), ISSGLLSSGGSGGSLAGREGNH (SEQ 1D NG: 2693,
LSGRSDNHGGSGGSOQNQALRMA (SEQ D NOG: 270),
ONOQALRMAGGSGGSLSGRSDNH (SEQ ID NO:271),
LSGREGNHGGSGGSONQALRMA (SEQ ID NG: 272,
QNQALRMAGGSGGSLSGRSGNH (SEQ ID NO: 273), ISSGLLSGRSGNH (SEQ ID
NQG: 274}, as well as C-terminal and N-terminal truncation variants thereof. Examples of
CMs also include those described in U S, Patent Application Publication Nos.
US20160289324, US20190284283, and in publication numbers WO 2010/081173, WO
2015/048329, WO 2015/116933, WO 2016/118629, and WO 2020/118109, which are
incorporated herein by reference in their entireties.

Truncation variants of the atorementioned amino acid sequences that are suitable
for use in the CMs are any that retain the recognition site for the corresponding protease.
These include C-terminal and/or N-terminal truncation variants comprising at least 3
contiguous amino acids of the above-described amino acid sequences, or at least 4, or at
least 5, or at least 6, or at least 7 amino acids of the foregoing amino acid sequences that

retain a recognition site for a protease.  In certain embodiments, the truncation variant of
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the above-described amino acid sequences is an amino acid sequence corresponding to
any of the above, but that is C- and/or N-terminally truncated by 1 to about 10 amino
acids, 1 to about 9 amine acids, 1 to about 8 amino acids, 1 to about 7 amino acids, 1 {0
about 6 amino acids, 1 to about 5 amino acids, 1 1o about 4 amino acids, or 1 to about 3
amino acids, and which: (1) has at least three amino acid residues; and (2} retains a
recognition site for a protease. In some of the foregoing embodiments, the truncated CM
is an N-terminally truncated CM. In some embodiments, the truncated CM is a C-
terminally truncated CM. In some embodiments, the truncated C is a C- and an N-
terminally truncated CM.

o some embodiments of any of the activatable cytokine constructs described
herein, the CM may comprise a total of about 3 amino acids to about 25 amuno acids. In
some embodinments, the CM may comprise a total of about 3 amino acids to about 25
amino acids, about 3 amino acids to about 20 amino acids, about 3 amino acids to about
15 amino acids, about 3 amino acids to about 10 amino acids, about 3 amino acids to
about 5 amino acids, about 5 amino acids to about 25 amino acids, about 5 amino acids to
about 20 amino acids, about S amino acids to about 15 amino acids, about 5 amino acids
to about 10 amino acids, about 10 amino acids to about 25 amino acids, about 10 amino
acids to about 20 amino acids, about 10 amino acids to about 15 amino acids, about 15
amino acids o about 25 amino actds, about 15 amino acids to about 20 amino acids, or
about 20 amino acids to about 25 amino acids.

In some embodiments, the ACC may comprise multiple CMs that comprise
substrates for different proteases. In some embodiments, the ACC may comprise
multiple CMs that are substrates for the same protease. In one example, the CM(s)
between each CP and PM may be substrates for the same protease as each other, and the
CM(s) between each CP and DI may be substates for the same protease as each other,
but may be substrates for a different protease than the CM(s) between the CP and the PM.
In another example, the CM({s) between the CP and the PM and the CM({s) between the
CP and the DD may comprise substrates for the same protease. In another example, the
CM({s) between the CP and the PM may comprise substrates for different proteases. In
another example, the CM(s) between the CP and the PM may comprise substrates for the

same protease. In another example, the CM(s) between the CP and the DD may comprise
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substrates for different proteases. In another example, the CM(s) between the CP and the
DD may comprise substrates for the same protease.

The first and second monomer constructs may comprise one or more additional
components including one or more linkers, and the like. o some embodiments, the first
monomer can include a linker disposed between the CP1 and the CM1. In some
embodiments, the CP1 and the CM1 directly abut each other in the first monomer. In
sorne embodiments, the first monomer comprises a linker disposed between the CM1 and
the DD1. In some embodiments, the CM1 and the DD directly abut each other in the
first monomer. In some embodiments, the first monomer can include a Hoker disposed
between the CP1 and the CM3. In some embodiments, the CP1 and the CM3 directly
abut each other in the first monomer. In some embodiments, the first monomer can
include a linker disposed between the CP1 and the PM1. In some embodiments, the CP1
and the PM1 directly abut each other in the first monomer. In some embodiments, the
tinker has a total length of 1 amino acid to about 15 amino acids. In some embodiments,
the CM and any linkers disposed between the CP1 and DD have a combined total length
of 3 to 15 amino acids, or 3 to 10 amino acids, or 3 o 7 amino acids.

In some embodiments, the second monomer comprises a linker disposed between
the CP2 and the CM2. In some embodiments, the CP2 and the CM2 directly abut each
other in the second monomer. In some embodiments, the second monomer comprises a
linker disposed between the CM2 and the DD2. In some embodiments, the CM2 (e.g.,
any of the cleavable moieties described herein} and the DD2 {e.g,, any of the DDs
described herein) directly abut each other in the second monomer. In some
embodiments, the second movomer can include a linker disposed between the CP2 and
the CM4. In some embodiments, the CP2 and the CM4 directly abut each other in the
second monomer. In some embodiments, the second monomer can include a linker
disposed between the CP2 and the PM2. In some embodiments, the CP2 and the PM2
directly abut each other in the second monomer. In some embodiments, the linker has a
total length of 1 amino acid to about 15 amino acids. In some embodiments, the linker
comprises a sequence of GGGS (SEQ ID NO: 2). In some embodiments, the CM and any
linkers disposed between the CP2 and DD2 have a combined total length of 3 to 15

amino acids, or 3 to 10 amino acids, or 3 to 7 amino acids.
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In some embodiments, the first monomer and/or the second monomer can include
a total of about 50 amino acids to about 800 amino acids, about 50 amino acids to about
750 amino acids, about 50 amino acids to about 700 aming acids, about 50 amino acids to
about 650 amino acids, about 50 aminoe acids to about 600 amino acids, about 30 aminoe
acids to about 550 aminc acids, about 30 amino acids to about 500 amino acids, about 50
amino acids o about 450 amino acids, about 530 amino acids to about 400 amino acids,
about 50 amino acids to about 350 amino acids, about 30 amino acids to about 300 amino
acids, about 50 amino acids to about 250 amino acids, about 50 amino acids to about 200
amino acids, about 50 amino acids to about 150 amino acids, about 50 amino acids to
about 100 aming acids, about 100 amino acids to about 800 amino acids, about 100
amino acids to about 750 amino acids, about 100 amino acids to about 700 amino acids,
about 100 amino acids to about 650 amino acids, about 100 amino acids to about 600
amino acids, about 100 amino acids to about 550 amino acids, about 100 amino acids to
about 500 amino acids, about 100 amino acids to about 450 amino acids, about 100
amino acids to about 400 amino acids, about 100 amino acids to about 350 amine acids,
about 100 amino acids to about 300 amino acids, about 100 amino acids to about 250
amino acids, about 100 amino acids to about 200 amino acids, about 100 amino acids to
about 150 amino acids, about 150 amino acids to about 800 amino acids, about 150
amino acids o about 750 amine acids, about 150 amino acids to about 700 amino acids,
about 150 amino acids to about 650 amino acids, about 150 amino acids to about 600
amino acids, about 150 amino acids to about 550 amino acids, about 150 amino acids to
about 500 amino acids, about 150 amino acids to about 450 amino acids, about 150
amino acids to about 400 amino acids, about 150 amino acids {0 about 350 amino acids,
about 150 amino acids to about 300 amino acids, about 150 amino acids to about 250
amino acids, about 150 amino acids to about 200 amino acids, about 200 amino acids o
about 800 amino acids, about 200 amino acids to about 750 amino acids, about 200
amino acids to about 700 amino acids, about 200 amino acids to about 650 amino acids,
about 200 amino acids to about 600 amino acids, about 200 amino acids to about 550
amino acids, about 200 amino acids to about 500 amino acids, about 200 amino acids to
about 450 amino acids, about 200 amino acids to about 400 amino acids, about 200

amino acids to about 350 amino acids, about 200 amino acids to about 300 amino acids,
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about 200 amino acids to about 250 amino acids, about 250 amino acids to about 800
amino acids, about 250 amino acids to about 750 armino acids, about 250 amino acids to
about 700 amino acids, about 250 amino acids to about 650 amino acids, about 250
amino acids to about 600 amino acids, about 250 amino acids to about 550 amino acids,
about 250 amino acids to about 500 amino acids, about 230 amino acids to about 450
amino acids, about 250 amino acids to about 400 amino acids, about 250 amino acids to
about 350 amino acids, about 250 amino acids to about 300 amino acids, about 300
amino acids to about 800 amino acids, about 300 amino acids to about 750 amino acids,
about 300 amino actds to about 700 amino acids, about 300 amino actds to about 630
amino acids, about 300 amino acids to about 600 amino acids, about 300 amino acids to
about 550 amino acids, about 300 amino acids to about 500 amino acids, about 300
amino acids to about 450 amino acids, about 300 amino acids to about 400 amino acids,
about 300 amino acids to about 350 amino acids, about 350 amino acids to about 860
amino acids, about 350 amino acids to about 750 amino acids, about 350 amino acids to
about 700 aming acids, about 350 amino acids to about 650 amino acids, about 350
amino acids to sbout 600 amino acids, about 350 amino acids to about 550 amino acids,
about 350 amino acids to about 500 amino acids, about 350 amino acids to about 450
amino acids, about 350 amino acids to about 400 amino acids, about 400 amino acids to
about 800 amino acids, about 400 amino acids to about 730 amino acids, about 400
amino acids to about 700 amino acids, about 400 arino acids to about 650 amino acids,
about 400 amino acids to about 600 amino acids, about 400 amino acids to about 550
amino acids, about 400 amino acids to about 500 amino acids, about 400 amino acids to
about 450 amino actds, about 450 amino acids to about 800 amino acids, about 450
amino acids o about 750 amino acids, about 450 amino acids to about 700 amino acids,
about 450 amino acids to about 650 amino acids, about 450 amino acids to about 660
amino acids, about 450 amino acids to about 550 amino acids, about 450 amino acids to
about 500 amino acids, about 300 amino acids to about 800 amino acids, about 500
amino acids to about 750 amino acids, about 500 amino acids to about 700 amino acids,
about 500 amino acids to about 650 amino acids, about 500 amino acids to about 600
amino acids, about 500 amino acids to about 550 amino acids, about 550 amino acids to

about 800 amino acids, about 550 amino acids to about 750 amino acids, about 550
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amino acids to about 700 amino acids, about 550 amino acids to about 650 amino acids,
about 550 amino acids to about 600 amino acids, about 600 amino acids to about 800
amino acids, about 600 amino acids to about 750 amino acids, about 600 amino acids to
about 700 amino acids, about 600 amino acids to about 650 amino acids, about 650
amino acids to about 800 aming acids, about 650 amino acids to about 750 amino acids,
about 650 amino acids to about 700 amine acids, about 700 amino acids to about 800
amino acids, about 700 amino acids to about 750 amino acids, or about 750 amino acids
to about 800 amino acids.

fo some embodiments of any of the ACCs described herein, one or more hinkers
{e.g., flexible linkers) can be introduced into the activatable cytokine construct to provide
flexibility at one or more of the junctions between domains, between moieties, between
moieties and domains, or at any other junctions where a Hoker would be beneficial. In
some embodiments, where the ACC is provided as a conformationally constrained
construct, a flexible linker can be inserted to facilitate formation and maintenance of a
structure in the uncleaved activatable cytokine construct. Any of the linkers described
herein can provide the desired flexibility to facilitate the inhibition of the binding of a
target (e.g., a receptor of a cytokine), or to facilitate cleavage of a CM by a protease. In
some embodiments, linkers are included in the ACC that are all or partially flexible, such
that the linker can include a flexible linker as well as one or more portions that confer
less flexible structure to provide for a desired ACC. Some linkers may include cysteine
residues, which may form disulfide bonds and reduce flexibility of the construct. It has
been found that reducing the length of the linkers or linking region reduces the activity of
the mature cytokine protein in ACCs (see, e.g., Fig. 16 showing data for ACCs without a
peptide affinity mask}. In most instances, linker length is determined by counting, in a
N-to C- direction, the number of amino acids from the N-terminus of the linker adjacent
to the C-terminal amino acid of the preceding component, to the C-terminus of the linker
adjacent to the N-terminal amino acid of the following component (i.e., where the linker
tength does not include either the C-terminal aming acid of the preceding component or
the N-terminal amino acid of the following component). In embodiments in which a
linker is employed at the N-terminus of a DD that comprises an Fc domain, Hinker length

is determined by counting the number of amine acids from the N-terminus of the linker
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adjacent to the C-terminal amino acid of the preceding component to C-terminus of the
linker adjacent to the first cysteine of an Fc hinge region that participates in the disuifide
linkage with a second Fe domain (i.e., where the linker length does not include the C-
terminal amino acid of the preceding component or the first cysteine of the Fc hinge
region).

As apparent from the present disclosure and Fig. 18, ACCs of the present
disclosure include a stretch of amino acids between the CP and the proximal point of
interaction between the dimerization domains. That stretch of amino acids may be
referred to as a Linking Region {LR) as defined above,

In some embodiments, additional amino acid sequences may be positioned N-
terminally or C-terminally to any of the domains of any of the ACCs. Examples include,
but are not limited to, targeting moieties {e.g., a ligand for a receptor of a cell presentina
target tissue) and serum half-life extending moieties (e.g., polypeptides that bind serum
proteins, such as immunoglobulin {e.g., IgG) or serum albursio {e.g., human serum
albumin (HSA)).

In some embodiments of any of the activatable cytokine constructs described
herein, the linker can include a total of about 1 amino acid to about 25 amino acids {e.g.,
about 1 amino acid to about 24 amino acids, about | amino acid to about 22 amino acids,
about 1 amino acid to about 20 amino acids, about 1 amine acid to about 18 amino acids,
about 1 amino acid to about 16 amino acids, about 1 amino acid to about 15 amino acids,
about 1 amino acid to about 14 amino acids, about 1 amino acid to about 12 amino acids,
about 1 amino acid to about 10 amino acids, about | amino acid to about 8 amino acids,
about 1 amino acid to about 6 amino acids, about 1 amine acid to about 5 amino acids,
about 1 amino acid to about 4 aminoe acids, about 1 amino acid to about 3 amino acids,
about 1 amino acid {0 about 2 amino acids, about 2 amino acids to about 25 amino acids,
about 2 amino acids to about 24 amino acids, about 2 amino acids to about 22 amino
acids, about 2 amino acids to about 20 amino acids, about 2 amino acids to about 18
amino acids, about 2 amino acids to about 16 amino acids, about 2 amino acids to about
15 amino acids, about 2 amino acids to about 14 amino acids, about 2 amino acids to
about 12 amino acids, about 2 amino acids to about 10 aminc acids, about 2 amino acids

to about 8 amino acids, about 2 amino acids to about 6 amino acids, about 2 amino acids
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to about 5 amino acids, about 2 amino acids to about 4 amino acids, about 2 amino acids
to about 3 amino acids, about 4 amino acids to about 25 aminoe acids, about 4 amino acids
to about 24 amino acids, about 4 amino acids to about 22 amino acids, about 4 amino
acids to about 20 amino acids, about 4 amino acids to about 18 amino acids, about 4
amino acids o about 16 aming acids, about 4 amino acids to about 15 amine acids, about
4 amino acids to about 14 amino acids, about 4 amino acids to about 12 amino acids,
about 4 amino acids to about 10 amino acids, about 4 amino acids 1o about 8 amino scids,
about 4 amino acids to about 6 amino acids, about 4 amino acids o about 5 amino acids,
about 5 amino acids to about 25 arino acids, about S amino acids to about 24 amino
acids, about 5 amino acids o about 22 amine acids, about 5 amino acids to about 20
amino acids, about S amino acids to about 18 amino acids, about 3 amino acids to about
16 aminc acids, about 5 amino acids to about 15 amine acids, about 5 amino acids to
about 14 amino acids, about 5 amino acids to about 12 amino acids, about 5 amino acids
to about 10 amino acids, about 5 amino acids to about & amino acids, about 5 amino acids
to about & amino acids, about 6 amino acids to about 25 amino acids, about 6 amino acids
to about 24 amino acids, about 6 amino acids to about 22 amino acids, about 6 amino
acids to about 20 amino acids, about 6 amino acids to about 18 amino acids, about 6
amino acids to about 16 amino acids, about 6 amino acids to about 15 amino acids, about
& amino acids to about 14 amino acids, about 6 amino acids to about 12 amino acids,
about 6 amine acids to about 10 amino acids, about 6 amino acids to about 8 amino acids,
about 8 amino acids to about 25 amino acids, about & amino acids to about 24 amino
acids, about 8 amino acids to about 22 amino acids, about 8 amino acids to about 20
amino acids, about & amino acids to about 18 amino acids, about 8 amino acids to abowt
16 amino acids, about 8§ amino acids to about 15 amino acids, about 8 amino acids to
about 14 amino acids, about 8 amino acids to about 12 amino acids, about 8 amino acids
to about 10 amino acids, about 10 amino acids to about 25 amino acids, about 10 amino
acids to about 24 amino acids, about 10 amino acids to about 22 amino acids, about 10
amino acids to about 20 aming acids, about 10 amino acids to about 18 amino acids,
about 10 amino acids to about 16 amino acids, about 10 amino acids to about 15 amino
acids, about 10 amino acids to about 14 amino acids, about 10 aming acids to about 12

amino acids, about 12 amino acids to about 25 amino acids, about 12 amino acids to
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about 24 amino acids, about 12 amino acids to about 22 amino acids, about 12 amino
acids to about 20 amino acids, about 12 amino acids to about 18 amino acids, about 12
aming acids to about 16 amine acids, about 12 amino acids to about 15 amino acids,
about 12 amino acids to about 14 amino acids, about 14 amino acids to about 25 amino
acids, about 14 aminc acids o about 24 amino acids, about 14 amino acids to about 22
amino acids, about 14 amino acids to about 20 aminoe acids, about 14 amino acids to
about 18 amino acids, about 14 amino acids to about 16 amino acids, about 14 amino
acids to about 15 amino acids, about 15 amino acids to about 25 amino acids, about 15
amino acids o about 24 amino actds, about 15 amino acids to about 22 amino acids,
about 15 amino acids to about 20 aming acids, about 15 amino acids to about 18 aming
acids, about 15 amino acids to about 16 amino acids, about 16 amino acids to about 25
amino acids, about 16 amine acids to about 24 amino acids, about 16 amino acids to
about 22 amino acids, about 16 amino acids to about 20 amino acids, about 16 amino
acids to about 18 amino acids, about 18 amino acids to about 25 amino acids, about 18
amino acids to about 24 amine acids, about 18 amino acids to about 22 amino acids,
about 13 amino acids to about 20 amino acids, about 2¢ amino acids to about 25 amino
acids, about 20 amino acids to about 24 amino acids, about 20 amino acids to about 22
amino acids, about 22 amino acid to about 25 amino acids, about 22 amino acid to about
24 amino acids, or about 24 amino acid to about 25 amino acids).

In some embodiments of any of the ACCs described herein, the linker includes a
total of about 1 amino acid, about 2 amino acids, about 3 amino acids, about 4 amino
acids, about 5 amino acids, about 6 amino acids, about 7 amino acids, about 8 amino
acids, about 9 amino acids, about 10 amino acids, about 11 amino acids, about 12 amino
acids, about 13 amino acids, about 14 amino acids, about 15 amino acids, about 16 amino
acids, about 17 amino acids, about 18 amino acids, about 19 amino acids, about 20 amino
acids, about 21 amino acids, about 22 amino acids, about 23 amino acids, about 24 amino
acids, or about 25 amino acids.

Surprisingly, the applicant has discovered that ACCs that do not comprise any
linkers between the CP and the DD exhibit the most significant reduction in cytokine
activity relative to the wildtype mature cytokine, compared to ACCs that include linkers
or additional sequences in the linking region. See, ¢.g., Fig. 16 (showing data for ACCs
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without a peptide affinity mask). Further, a configuration in which there are no linkers
between the CP and the DD still allows effective cleavage of a CM positioned between
the CP and the DD, See e.g, Figs. 7A, 7B, 10A-10C. Thus, in some embodiments, the
ACC does not comprise any linkers between the CP and the DD, and the CM between the
CP and the DI comprises not more than 10, 9,8, 7, 6, 5, 4, or 3 amino acids. In some
embodiments the total number of amino acids in the LR comprises not more than 25
amino acids, e.g., not more than 25, 24, 23,22, 21, 20,19, 18, 17, 16, 15, 14, 13, 12, 11,
10,9, 8,7, 6,5, 4, or 3 amino acids, or 3 to 10 amino acids or 5 to 15 amino acids, or 7 to
12 amino acids, or any range ot specific number of amino acids selected from the range
encompassed by 3 to 25 amino acids.

In some embodiments of any of the ACCs described herein, a linker can be rich in
glycine {Gly or G) residues. In some embodiments, the linker can be rich in serine (Ser
or S) residues. In some embodiments, the linker can be rich in glycine and serine
residues. In some embodiments, the Hinker has one or more glycine-serine residue pairs
(GS¥(eg,1,2,3,4,5, 6,7, 8,9, or 10 or more GS pairs). In some embodiments, the
linker has one or more Gly~-Gly-Gly-Ser (GGGS) (SEQ 1D NO: 2) sequences {e.g.. 1, 2,
3,4,5,6,7 8, 9, or 10 or more GGGS sequences). In some embodiments, the linker has
one or more Gly-Gly-Gly-Gly-Ser (GGGGS) (SEQ ID NG: 216) sequences (e.g., |, 2, 3,
4,5,6,7, 8,9, or 10 or more GGGGS sequences). In some embodiments, the linker has
one or more Gly-Gly-Ser-Gly (GGSG) (SEQ ID NO: 229) sequences{e.g, 1,2,3, 4, 5,6,
7, 8,9, or 10 or more GGSG sequences).

In some embodiments of any of the ACCs described herein, a linker includes any
one of or a combination of one or more of. GSSGGSGGSGG (SEQ 1D NG 210), GGGS
(SEG ID NO: 2y, GGGSGGGS (SEQ ID NO: 211, GGGSGGGSGGGS (SEQ ID NO:
212y, GGGGRGGGGSGGGES (SEQ I NG: 213),
GGGGSGGEGGSGGEESGHGESGGEES (SEQ ID NO: 214y, GGGGSGGGES (SEQ
ID NO: 215), GGGGS (SEQ ID NO: 216), GS, GGGGSGS (SEQID NG: 2173,
GGGGSGGEGSGGGGRGS (SEQ 1D NG 218), GGSLDPKGGGGS (SEQ ID NO:
219), PKSCDKTHTCPPCPAPELLG (SEQ ID NO: 220), SKYGPPCPPCPAPEFLG
(SEQ D NO: 221), GKSSGSGSESKS (SEQ ID NO: 222), GSTSGESGKSSEGKG (SEQ
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IDNO: 223), GSTSGSGKSSEGSGSTKG (SEQ D NO: 224), and
GSTSGSGKPGSGEGSTKG (SEQ ID NO: 2253,

Non-limiting examples of linkers can include a sequence that is at Jeast 70%
wdentical {e.g, at least 72%, at least 74%, at least 75%, at least 76%, at least 78%, at least
80%, at least 82%, at least 84%, at least 85%, at least 86%, at least 88%, ai least 90%, at
least 92%, at least 94%, at least 95%, at least 96%, at least 97%%, at least 98%, at least
99%. or 100% identical) to GGG (SEQ ID NG: 2), GSSGGSGGSGE (SEQ 1D NO:
210y, GGGGSGGGGSGGGGS (SEQ ID NO: 213), GGGGSGS (SEQ ID NO: 217),
GGGGSGGGGSGGGERGS (REQ ID NO: 218), GGGGSGGGGIGGGESGGGES
(SEQ ID NO: 214), GGSLDPKGGGGS (SEQ D NG: 215), and
GSTSGSGKPGSSEGST (SEQ ID NO: 226).

In some embodiments, the linker includes a sequence selected from the group of:
GGSLDPKGGGGS (SEQ ID NO: 219), GGGGSGGGGESGGGEGSGS (SEGQ 1D NO:
218), GGGGSGS (SEQ ID NG: 217), GS, (GSHn, (GGS)n, (GRGGSn (SEQ ID NO:
227) and (GGGS)n (SEQ ID NO: 228), GGSG (SEQ ID NO: 229), GGSGG (SEQ ID
NO: 230), GSGSG (SEQ ID NO: 231), GSGGG (SEQ ID NO: 232y, GGGSG (SEQ 1D
NG 233}, GSSSG (SEQ 1D NO: 234), GGGGSGGGGSGGGGS (SEQ 1D NO: 213),
GGGGSGGGGSGGGGSGGGGS (SEQ ID NO: 214), GSTSGSGKPGSSEGST (SEQ 1D
NG 2203, (GGGES)n (SEQ 3 NQG: 2106), wherein n is an integer of at least one. In
some embodiments, the linker includes a sequence selected from the group consisting of:
GGSLDPKGGGGS (SEQ 1D NG: 219), GGGGESGGEGSGGGESES (SEQ ID NO:
218), GGGGSGS (SEG ID NO: 217), and GS. In some embodiments of any of the ACCs
described herein, the Hoker includes a sequence selected from the group of:
GGGGSGGGGSGGGES (SEQ 1D NO: 213), GGGGSGGGGSGGGGSGGGES (SEQ
I NG: 214), and GSTSGSGKPGSSEGST (SEQ ID NG: 226). In some embodiments of
any of the activatable cytokine constructs described herein, the linker includes a sequence
selected from the group of: GGGGSGGGGSGGGGS (SEG ID NO: 213) or GGGGS
(SEQ ID NO: 2). Additional examples of linkers include those listed in Table 11,

In some embodiments, an ACC can include one, two, three, four, five, six, seven,

eight, nine, or ten linker sequence(s) {(e.g., the same or different linker sequences of any
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of the exemplary linker sequences described herein or known in the art). In some
embodiments, a linker comprises sulfo-SIAB, SMPB, and sulfo-SMPB, wherein the
linkers react with prisnary amines sulthydryls.

In some embodiments of any of the ACCs described herein, the ACC is
characterized by a reduction in at least one activity of the CP1 and/or (P2 as compared to
a control level of the at {east one activity of the CP1 and/or CP2. In some embodiments,
a control level can be the level of the activity for a recombinant CP1 and/or CP2{e.g., a
commercially available recombinant CP1 and/or CP2, a recombinant wildtype CP1
and/or CP2, and the ftke). In some embodiments, a control level can be the level of the
activity of a cleaved (activated) form of the ACC. In certain embodiments, a control
tevel can be the level of the activity of a pegylated CP1 and/or CP2.

In some embodiments, the at least one activity is the binding affinity of the CP1
and/or the CP2 for its cognate receptor as determined using surface plasmon resonance
{e.g., performed in phosphate buffered saline at 25 degrees Celsius). In certain
embodiments, the at least one activity is the level of proliferation of lymphoma cells. In
other embodiments, the at least one activity s the level of JAK/STAT/ISGES pathway
activation in a lymphoma cell. In some embodiments, the at least one activity is a level
of SEAP production in a lymphoma cell. In a further embodiment, the at least one
activity of the CP1 and/or CP2 is fevel of cytokine-stimuiated gene induction using, for
example RNAseq methods (see, e.g., Zimmerer et al,, Cfin. Cancer Res. 14{18):5900-
5906, 2008; Hilkens et al., ./ fmmunod 171:5255-5263, 2003}

In some embodiments, the ACC is characterized by at least a 2-fold reduction in
at feast one CP1 and/or CP2 activity as compared to the control level of the at least oue
CP1 and/or CP2 activity. In some embodiments, the ACC is characterized by at least a 5-
fold reduction in at least one activity of the CP1 and/or CP2 as compared to the control
level of the at least one activity of the CP1 and/or CP2. In some embodiments, the ACC
is characterized by at least a 10-fold reduction in at least one activity of the CP1 and/or
CP2 as compared to the controd level of the at least one activity of the CP1 and/or CP2,
In some embodiments, the ACC is characterized by at least a 20-fold reduction in at least
one activity of the CP1 and/or CP2 as compared to the control level of the at ieast one

activity of the CP1 and/or CP2. In some embodiments, the ACC is characterized by at
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least a 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 500-fold,
1000-fold, 2000-fold, 3000-fold, 5000-fold or 5,000-fold reduction in at feast one activity
of the CP1 and/or CP2 as compared to the control level of the at least one activity of the
CP1 and/or CP2. In some embodiments, ACC s characterized by at least a 1- to 20-fold
reduction, a 200- to 2000-fold reduction, a 300- to 2000-fold reduction, a 400- to 2000-
fold reduction, a 500~ to 2000-fold reduction, a 1000- to 2000-fold reduction, & 1500~ to
2000-fold reduction, a 100- to 1500-fold reduction, a 200- to 1500-fold reduction, a 300-
to 1500-fold reduction, a 400- to 1500-fold reduction, a 500~ to 1500-fold reduction, a
1000~ to 1500-fold reduction, a 100- to 1600-fold reduction, a 200~ to 1000-fold
reduction, a 300- to 1000-fold reduction, & 400- to 1000-fold reduction, a 500- to 1000-
fold reduction, a 1000~ to 5000-fold reduction, a 2000- to 5000-fold reduction, a 3000- to
5000-fold reduction, a 4000- to 5000-fold reduction, a 1000~ to 4000-fold reduction, a
2000- to 4000-fold reduction, a 3000- to 4000-fold reduction, a 1000~ to 3000-fold
reduction, a 2000- to 3000-fold reduction, or a 1060- to 2000-fold reduction in at least
one activity of the CP1 and/or CP2 as compared to the control level of the at least one
activity of the CP1 and/or CPZ.

In some embodiments, the control level of the at least one activity of the CP1
and/or CP2 is the activity of the CP1 and/or CP2 released from the ACC following
cleavage of the CMs by protease(s} (the “cleavage product”™}. In some embodiments, the
control level of the at least one activity of the CP1 and/or CP2 is the activity of a
corresponding wildtype mature cytokine (e.g,, recombinant wildtype mature cytokine).

In some embodiments, incubation of the ACC with the protease vields an
activated cytokine product(s), where one or more activities of CP1 and/or CP2 of the
activated cytokine product{(s} is greater than the one or more activities of CP1 and/or CP2
of the intact ACC. In some embodiments, one or more activities of CP1 and/or CP2 of
the activated cytokine product(s) is at least 1-fold greater than the one or more activities
of CP1 and/or CP2 of the ACC. In some embodiments, one or more activities of CP1
and/or CP2 of the activated cytokine product(s) is at least 2-fold greater than the one or
more activities of CP1 and/or CP2 of the ACC. In some embodiments, one or more
activities of CP1 and/or CP2 of the activated cytokine product{s) is at least 5-fold greater

than the one or more activities of CP1 and/or CP2 of the ACC. In some embodiments,
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one or more activities of CP1 and/or CP2 of the activated cytokine product(s) is at least
10-fold greater than the one or more activities of CP1 and/or CP2 of the ACC. In some
embodiments, one or more activities of CP1 and/or CP2 of the activated cytoking
product(s} is at least 20-fold greater than the one or more activities of CP1 and/or CP2 of
the ACC. In some embodiments, one or more activities of CP1 and/or CP2 of the
activated cytokine product(s} is at least I- to 20-fold greater, a 200- to 2000-fold greater,
a 300- to 2000-fold greater, a 400~ 10 2000-fold greater, a 5300- to 2000-fold greater, a
1000~ to 2000-fold greater, a 1500~ to 2000-fold greater, a 100- to 1500-fold greater, a
200~ to 1500-fold greater, a 300~ to 1500-fold greater, a 400~ to 1500-fold greater, a S00-
to 1500-fold greater, a 1000- to 1500-fold greater, a 100- to 1000-fold greater, a 200~ to
1000-fold greater, a 300- to 1000-fold greater, a 400- to 1000-fold greater, a 500- to
1000-fold greater, a 1000~ to S000-fold greater, a 2000~ to 5000-fold greater, a 3000~ to
5000-fold greater, a 4000~ to 5000-fold greater, a 1000- to 4000-fold greater, a 2000- to
4000-fold greater, a 3000- to 4000-fold greater, a 1000- to 3000-fold greater, a 2000~ to
3000-fold greater, or a 1000- to 2000-fold than the one or more activities of CP1 and/or
CP2 of the ACC.

In some embodiments, an ACC can include a sequence that is at feast 80% (e.g.,
at least 82%, at least 84%, at least 86%, at least 88%, at least 90%, at least 92%, at least
94%;, at least 96%, at 1east 98%, at least 99%, or 100%) identical 1o SEQ I NG: 321 or
322, In some embodiments, an ACC can be encoded by a nucleic actd including a
sequence that is at least 80% (e.g., at least 82%, at least 84%, at least 86%s, at feast 88%;,
at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, or
100%) identical to a nucleic acid encoding SEQ 1D NOs: 321 or 322, In some aspects, an
ACC may include such sequences but either without the signal sequences of those
sequences. Signal sequences are not particularly limited. Some non-lirsiting examples of
signal sequences include, e.g., SEQ ID NO: 244 and corresponding residues and
nucleotides in the other sequences, or substituted with a signal sequence from another
species or cell line. Other examples of signal sequences include
MRAWIFFLLCLAGRALA (SEQ ID NO: 242) and
MALTFALLYVALLVLSCKSSCRVG (REQ 1D NO: 243),
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Various exemplary aspects of these activatable cytokine constructs are described
below and can be used in any combination in the methods provided herein without
limitation. Exemplary aspects of the activatable cytokine constructs and methods of
making activatable cytokine constructs are described below.

In some embodiments, the CM is selected for use with a specific protease. The
protease may be one produced by a tumor cell {e.g., the tumor cell may express greater
amounts of the protease than healthy tissues). In some embodiments, the CMisa
substrate for at ieast one protease selected from the group of an ADAM 17, a BMP-1,a
cysteine protease such as a cathepsin, a HirAl, a legumain, a matrptase (MT-SP1), a
matrix metalloprotease (MMP), a neutrophil elastase, a TMPRSS, such as TMPRSS3 or
TMPRSS4, a thrombin, and a u-type plasminogen activator {uPA, also referred to as
urckinase).

In some embodiments, a CM is a substrate for at least one matrix metalloprotease
(MMP). Examples of MMPs include MMP1, MMP2, MMP3, MMP7, MMPS, MMP9,
MMP10, MMP11, MMPI2, MMPI3, MMP14, MMP15, MMP16, MMP17, MMP19,
MMP20, MMP23, MMP24, MMP26, and MMP27. In some embodiments, the CMis a
substrate for MIMPG, MMP14, MMP1 MMP3, MMP13, MMP17, MMP11, and MMP19.
In some embodiments, the CM is a substrate for MMP7. In some embodiments, the CM
is a substrate for MMPO. In some embodiments, the UM is a substrate for MMPI4. In
some embodiments, the CM is a substrate for two or more MMPs. In some
embodiments, the UM is a substrate for at least MMP9 and MMP14. Insome
embodiments, the CM includes two or more substrates for the same MMP In some
embodiments, the CM includes at least two or more MMP9 substrates. In some
embaodiments, the CM includes at least two or more MMP 14 substrates.

In some embodiments, a CM is a substrate for an MMP and includes the sequence
ISSGLLSS (SEQ ID NO: 19); QNQALRMA (SEQ ID NO: 16); AQNLLGMYV (SEQ ID
NO: 15); STFPFGMF (SEQ ID NO: 18), PVGYTSSL (SEQ ID NO: 74); DWLYWPGI
(SEQ ID NO: 753 MIAPVAYR (SEQ ID NO: 42); RPSPMWAY (SEQ 1D NO: 433
WATPRPMR (SEQ ID NG: 44);, FRLLDWQW (SEQ ID NO: 45); LKAAPRWA (SEQ
I NO: 763, GPSHLVLT (S8EQ ID NO: 77y, LPGGLSPW {(SEQ ID NO: 78},
MGLFSEAG (SEQ ID NO: 79); SPLPLRVP (SEQ 1D NO: 80); RMBLRSLG (SEQ ID
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NG: 81);, LAAPLGLL (SEQ ID NO: 17, AVGLLAPP (SEG ID NQ: 14); LLAPSHRA
(SEG 1D NO: 82); PAGLWLDP {(SEQ ID NO: 20); and/or ISSGLSS (SEQ ID NO: 73).

In some embodiments, a UM is a substrate for thrombin. In some embodiments,
the CM is a substrate for thrombin and includes the sequence GPRSFGL (SEQ ID NO:
83) or GPRSFG (SEQ ID NO: 84).

In some embodiments, a CM includes an amino acid sequence selected from the
group of NTLSGRSENHSG (SEQ 1D NG 9); NTLSGRIGNHGS (SEQ IDNG: 10y,
TSTSGRSANPRG (SEQ ID NG: 11); TSGRSANP (SEQ ID NO: 12); VAGRSMRP
(SEQ ID NO: 213 VVPEGRRS (SEQ ID NO: 22); [LPRSPAF (SEQ ID NO: 23),
MYLGRSLL (SEQ ID NO: 24}, QGRAITFI (SEQ 1D NG: 25); SPRSIMLA (SEQ ID
NG 26); and SMLRSMPL (SEQ 1D NG: 27).

In some embodiments, a UM is a substrate for a neutrophil elastase. In some
embodiments, a CM is a substrate for a serine protease. In some embodiments, a CM is a
substrate for uPA. lu some exabodiments, a CM is a substrate for legumain. In some
embodiments, the CM is a substrate for matriptase. In some embodiments, the CM isa
substrate for a cysteine protease. In some erobodirvents, the CM s a substrate for a
cysteine protease, such as a cathepsin.

In some embodiments, a CM includes a sequence of ISSGLLSGRSDNH (SEQ 1D
NG 28); ISSGLLSSGGRSGGSLSGREDNH (SEQ 1D NO: 30);
AVGLLAPPGGTSTSGRSANPRG (SEQ ID NG: 2753
TSTSGRSANPRGGGAVGLLAPP (SEQ 1D NO: 276),
VHMPLGFLGPGGTSTSGRSANPRG (SEQ IDNG: 277y
TSTSGRSANPRGGGVHMPLGFLGP (SEQ 1D NO: 278); AVGLLAPPGGLSGRSDNH
(SEG ID NO: 29); LSGRSDNHGGAVGLLAPP (SEQ 1D NO: 70,
VHMPLGFLGPGGLSGRIDNH (SEQ 1D NG: 266), LSGRSDNHGGVHMPLGFLGP
(SEQ ID NO: 267); LSGRSDNHGGSGGSISSGLLSS (SEG ID NQO: 268);
LSGREGNHGGSGGSISSGLLSS (SEQ ID NO: 279); ISSGLLSSGGSGGSLSGRSGNH
(SEQ ID NO: 269}, LSGRSDNHGGSGGSONQALRMA (SEQ 1D NO: 270y,
QNQALRMAGGSGGSLSGRSDNH (SEQ IDNO: 271
LSGRSGNHGGSGGSONGQALRMA (SEQ 1D NO: 2723,
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QONQALRMAGGSGGSLSGRSGNH (8EQ ID NO: 273), and/or ISSGLLSGRSGNH
(SEQ ID NO: 274).

In some embodiments, a CM comprises a sequence selected from the group
consisting of SEQ 1D NG: 5 through SEQ ID NO: 100, In some embodiments, the CM
comprises a sequence selected from the group oft ISSGLLEGRSDNH (SEQ D NO: 283,
LSGRSDDH (SEQ ID NO: 33), ISSGLLSGRSDQH (SEQ 1D NO: 54), SGRSDNI (SEQ
I NG: 100}, and ISSGLLSGRSDNI (SEQ D NO: 68).

In some aspects, the ACC includes a first monomer comprising a CP1 selected
from the group consisting of SEQ 1D Nos: 1 and 101-209, a CM1 selected from the group
consisting of SEQ 1D Nos: 5-100 and 264-308, a PM1 selected from the group consisting
of SEQ 1D Nes: 328-329, 323, and 331-479, a CM3 selected from the group consisting of
SEQ 1D Nos: 5-100 and 264-308, and a DD dimerized with a second monomer
comprising a CP2 selected from the group consisting of SEQ ID Nos: | and 101-209, a
M2 selected from the group consisting of SEQ ID Nos: 3-100 and 264-308, a PM2
selected from SEQ ID Nos: 328-329, 323, and 331-479, 2 CM3 selected from the group
consisting of SEQ ID Nos: S-100 and 264-308 and a DD2. I some aspects, the ACC
may include, between CP1 and CM 1, between CP1 and PM1, between CP1 and CM3,
between PM1 and CM3, and/or between CM1 and DD, a linker selected from the group
consisting of SEQ 1D Nos: 2 and 210-263, and between CP2 and CM2, between CP2 and
PM2, between CP2 and CM4, between PM2 and CM4, and/or between CM2 and DD2, a
linker selected from the group consisting of SEQ ID Nos: 2 and 210-263. In some
aspects, the PM1 is selected for use with the CP1 in accordance with Table 10, and the
PM2Z is selected for use with the CP2, in accordance with Table 10,

In some embodiments, the ACC includes a DD and/or a DD2 that has an amino
actd sequence that is at least 80% identical {e.g., at least 82%, at least 84%, at least 85%,
at least 86%, at least 88%, at least 90%, at least 92%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% identical) to SEQ ID NG 3 or
SEQ ID NO: 4. In some embodiments, the ACC includes a D1 that has an amino acid
sequence that is at least 80% identical (e g., at least 82%, at least 84%, at least 85%, at
least 8%, at least 88%, at least 90%, at least 92%, at least 94%, at least 95%, at least

O6%, at feast 97%, at least 98%, at least 99%, or 100% identical) to SEQ ID NO: 318 or
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SEQ ID NO: 319 In some embodiments, the ACC includes a DD2 that has an amino
actd sequence that is at least 80% identical {e.g., at least 82%, at least 84%, at least 85%,
at least 86%, at least 88%, ai least 90%, at least 92%, at least 94%, at least 95%, at least
6%, at least 97%, at least 98%%, at least 99%, or 100% identical) to SEQ ID NO: 318 or
SEG I NG: 319,

One or both monomers of the ACC herein may comprise one or more peptide
masks {(PMs), which can interfere with the binding of the CP to its binding partner {e.g.,
receptors). In some embodiments, when an ACC is not activated, the PM in the ACC
prevents the CP from target binding; but wheun the ACC 13 activated, the PM does not
substantially or significantly interfere with the CP’s binding to its binding partner. In
some embodiments, a PM is coupled to a CP by a CM and optionally one or more linkers
described herein,

o some embodiments, a PM may interact with the CP, thus reducing or inhibiting
the interaction between the CP and s binding partner. In some embodiments, the PM
may not specifically bind to the CP, but rather interfere with CP’s binding to its binding
partner through non-specific interactions such as steric hindrance. For example, the PM
may be positioned in the uncleaved ACC such that the tertiary or quaternary structure of
the ACC allows the PM to mask the CP through charge-based interaction, thereby
holding the PM in place to interfere with binding partner access to the CP.

The structural properties of the PM may be selected according to factors such as
the minimum amino acid sequence required for interference with protein binding to
target, the target protein-protein binding pair of interest, the size of the cytokine, the
presence or absence of linkers, and the like.

The PMs may be identified and/or further optimized through a screening
procedure from a library of candidate ACC having variable PMs. For exarple, a CP and
a CM can be selected to provide for a desired enzyme/target combination, and the amino
acid sequence of the PM can be identified by the screening procedure described below to
identify a PM that provides for a switchable phenotype. For example, a random peptide
library (e g., of peptides comprising about 2 to about 40 amino acids or more) may be
used in the screening methods disclosed herein to identity a suitable PM. In specific

embodiments, PMs with specific binding affinity for a CP can be identified through a
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screening procedure that includes providing a library of peptide scaffolds consisting of
candidate PMs wherein each scaffold is made up of a transmembrane protein and the
candidate PM. The library may then be contacted with an entire or portion of a protein
such as a full length protein, a naturally occurring protein fragment, or a non-naturally
occurring fragment containing a protein (also capable of binding the binding partner of
interest), and identifying one or more candidate PMs having detectably bound protein.
The screening may be performed by one more rounds of magnetic-activated sorting
{(MACS) or flucrescence-activated sorting (FACS), as well as determination of the
binding affinity of PM towards the CP and subsequent determuination of the masking
efficiency, e.g., as described in US20200308243A1, which is incorporated herein by
reference in its entirety.

In some embodiments, the PM is unigue for the coupled CP. Examples of PMs
include PMs that were specifically screened to bind a binding domain of the cytokine or
protemn fragment {e.g., affinity peptide masks). Methods for screening PMs to obtain
PMs unique for the cytokine and those that specifically and/or selectively bind a binding
domain of a binding pariner/target are provided herein and can include protein display
methods. Table 10 discloses exemplary PMs suitable for use with various exemplary
CPs.

In some embodiments, when a CP is coupled to a PM and in the presence of a
natural binding partner of the CP, there is no binding or substantially no binding of the
CP to the binding partner, or no more than 0.001%, 0.01%, 0.1%, 1%, 2%, 3%, 4%, 3%,
6%, 7%, §%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, or 50% binding of the CP to
its binding partoer, as compared to the binding of the CP not coupled to a PM, for at feast
2,4,6,8, 12,28, 24, 30, 306, 48, 60, 72, 84, 96 hours, or §, 10, 15, 30, 45, 60, 90, 120,
150, 180 days, 01 1,2,3,4, 5,6, 7, 8,9, 10, 11, 12 months or greater when measured ina
masking efficiency assay, e.g., as described in Example 1.

The PMs contemplated by this disclosure may range from 1-50 amino acids (e g,
atfeast3,4,5,6,7,8,9,10, 12, 15, 20, 30, or 40 amino acids, or no greater than 40, 30,
20, 15,12, 10,9, 8,7, 6, 5, 4, or 3 anmino acids). In some examples, the PMs may be

from 8 to 15 amino acids in length.
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The PMs may contain genetically encoded or genetically non-encoded amino
acids. Examples of genetically non-encoded amino acids are but not limited to D-amino
actds, B-amino acids, and y-amino actds. In specific embodiments, the PMs contain no
more than 50%, 40%, 30%, 20%, 15%, 10%, 5% or 1% of genetically non-encoded
amino acids.

The binding affinity of the cytokine towards the target or binding partner when
coupled to a PM may be at least S, 10, 25, 50, 100, 250, 500, 1,000, 2,500, 5,000, 10,000,
50,000, 100,000, 500,000, 1,000,000, 5,000,000, 10,000,000, 50,000,000 or greater times
fower than the binding affinity of the cytokine towards its binding partner when ot
coupled to a PM, or between 5-10, 10-100, 10-1,000, 10-10,000, 10-100,000, 10-
1,000,000, 10-10,000,000, 100-1,000, 100-10,000, 100-100,000, 100-1,000,000, 100-
10,000,000, 1,000-10,000, 1,000-100,000, 1,000-1,000,000, 1000-10,000,000, 10,000-
100,000, 10,000-1,000,000, 10,000-10,000,000, 100,000-1,000,000, or 100,000-
10,000,000 tiroes lower than the binding affinity of the cytokine towards its binding
partner when not coupled to a PM.

When the cytokine is coupled to a PM and is in the presence of the binding
partner, specific binding of the cytokine to its binding pariner may be be reduced or
inhibited, as compared to the specific binding of the cytokine not coupled to a PM to it
binding partner. When compared to the binding of the cytokine not coupled to a PM 1o
its binding partner, the cvtokine's ability to bind the binding partner when coupled to a
PM can be reduced by at least 30%, 60%, 70%, 80%, 90%, 92%, 93%, 94%, 95%, 96%,
97%, 98%. 99% and even 100% for at least 2, 4, 6. 8, 12, 28, 24, 30, 36, 48, 60, 72, 84,
96, hours, or S, 10, 15, 30, 45, 60, 90, 120, 150, 180 days, or 1, 2,3, 4.5,6,7, 8.9, 10,
11, 12 months or greater when measured in vivo or in a masking efficiency assay, e.g., as
shown in Example 1, an in vitro immunoabsorbant assay, e.g., as described in
US20200308243A1.

The Ko of the PM towards the cytokine may be generally greater than the Ko of
the cytokine towards the cytokine’s binding partner. The Ko of the PM towards the
cytokine may be at least 5, 10, 25, 50, 100, 250, 500, 1,000, 2,500, 5,000, 10,000,
100,000, 1,000,000 or even 10,000,000 times greater than the Ko of the cytokine towards

its binding partner. Alternatively, the binding affinity of the PM towards the cytokine
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may be generally lower than the binding affinity of the cytokine towards the cytokine’s
binding partner. The binding affinity of PM towards the cytokine may be atleast 5, 10,
25, 50, 100, 250, 500, 1,000, 2,500, 5,000, 10,000, 106,000, 1,000,000 or 10,000,000

In some embodiments, the PM comprises at least pastial or complete amino acid
sequence of a naturally occurring binding partner of the CP {e.g., a receptor of the CP).
The PM may be a fragment of a naturally occurring binding partner. The fragment may
retain no more than 95%, 90%, 80%, 75%, 70%, 60%, 50%, 40%, 30%, 25%, or 20%
nucleic acid or amino acid sequence horvology to the naturally occurring binding partner.

o some embodiments, the PM comprises an amino acid sequence that is not
naturally cccurring or does not contain the amino acid sequence of a naturally occurring
binding partner or target protein. In certain embodiments the PM is not a natural binding
partner of the CP. The PM may be a modified binding partner for the CP which contains
amino acid changes that at {east shightly decrease affinity and/or avidity of binding to the
CP. In some embodiments the PM contains no or substantially no nucleic acid or aming
acid homology to the CP's natural binding partuer. In other embodiments the PM s no
more than 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,
T0%, 75%, or 80% simtlar to the natural binding partner of the CP.

In some embodiments, the PM comprises an amino acid sequence that is at least
80% identical (e.g., at least 82%, at least 84%, at least 8696, at least 88%, at least 90%, at
least 92%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
90%, or 100% identical) to a sequence selected from SEQ ID Nos: 328-329, 323, and
331-479. Av exerplary PM for use with a CP that is an juterferon, preferably an TFN-
alpha, can contain the consensus sequence: TRDVDYYREW XXX (SEQ 1D No:
361}, where X ig any amino acid.

In some embodiments, an ACC may comprise a pair of PM1 and CP1 or a pair of
PM2 and CP2 listed in Table 10, which contains example PMs for use with specific
exemplary cytokines. In some examples, the PM1 comprises a sequence selected from
the group consisting of SEQ ID NOs: 328, 329, 323, and 331-369, and the CP1 is an
interferon; the PM1 comprises a sequence selected from the group consisting of SEQ 1D

NQOs: 328, 329, 323, and 331-364, and the CP1 is an interferon alpha; the PM1 comprises
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a sequence selected from the group consisting of SEQ [ NGs: 331-360, 362-364, and
the CP1 1s an interferon beta; the PM1 comprises a sequence selected from the group
consisting of SEQ D NOs: 331-360, 366-369, and the CP1 is an interferon gamima, the

PM1 comprises a sequence selected from the group consisting of SEQ 1D NOs: 370-374,
and the CP1 s an IL-12; the PM1 comprises a sequence selected from the group
consisting of SEQ 1D NQOs: 375-382, 469-477, 478, and the CP1 is an {L.-15; the PM1
comprises a sequence selected from the group consisting of SEQ 1D NOs: 383-468, 469-
478, and the CP1 is an IL-2; or the PM1 comprises a sequence selected from the group
cousisting of SEQ ID NOs: 478 and 479, and the CP1 is an [L-21. In some examples, the
PM2Z comprises a sequence selected from the group consisting of SEQ 3 NOs: 328, 329,
323, and 331-369, and the CP2 is an interferon; the PM2 comprises a sequence selected
from the group consisting of SHQ 1D NOs: 328, 329, 323, and 331-364, and the CP2 is an
interferon alpha; the PM2 comprises a sequence selected from the group consisting of
SEQ D NOs: 331-360, 362-364, and the CP2 is an interferon beta, the PM2 comprises &
sequence selected from the group consisting of SEQ 1D NOs: 331-360, 366-369, and the
CP2 is an wnterferon gamma; the PM2 comprises a sequence selected from the group
consisting of SEQ D NOs: 370-374, and the CP2 is an [L-12; the PM2 comprises a
sequence selected from the group consisting of SEQ ID NOs: 375-382, 469-477, 478, and
the CP2 is an 1L.-15; the PM2 comprises a sequence selected from the group consisting of
SEG ID NOs: 383-468, 469-478, and the CP2 is an IL-2; or the PM2 comprises a
sequence selected from the group consisting of SEQ 123 NQGs: 478 and 479, and the CP2
s an fL-21

In some embodiments, the PM may comprise an inactive cytokine. For example,
the inactive cytokine may interact with the CP component in the ACC and interfere the
interaction between the CP and its binding partner. In one example, the inactive cytokine
may comprise a mutation, €.2., an IFN alpha-2b with L130P mutation (SEQ 1D No: 329}
In another example, the inactive cytokine may be a truncation of a wild type cytokine,
e.g., IFN alpha-2b with amino acids 1-15¢ (SEQ 1D No: 328).

In some embodiments, once uncoupled from the cytokine and in a free state, the
PM may have a biclogical activity or a therapeutic effect, such as binding capability. For
example, the free peptide can bind with the same or a different binding partner. in certain
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embodiments the free PM (uncoupled PM}) can exert a therapeutic effect, providing a
secondary function to the compositions disclosed herein. In some embodiments, once
uncoupled from the cytokine and in a free state, the PM may advantageously not exhibit
biclogical activity. For example, in some embodiments the PM in a free state does not
glicii an immune response in the subject.

Ceonjugation to Agents

This disclosure also provides methods and materials for including additional
elements in any of the ACCs described herein including, for example, a targeting moigty
to factlitate delivery to a cell or tissue of interest, an agent (e.g., & therapeutic agent, an
antineoplastic agent), a toxin, or a fragment thereof.

In some embodiments of any of the ACCs described herein, the ACC can be
conjugated to a eytotoxic agent, including, without Himitation, a toxin {e.g., an
enzymatically active toxin of bacterial, fungal, plant, or animal origin, or fragments
thereof) or a radioactive isotope. In some erobodirvents of any of the ACCs described
herein, the activatable cytokine construct can be conjugated to a cytotoxic agent
including, without limitation, a toxin {e.g., an enzymatically active toxin of bacterial,
fungal, plant, or animal origin, or fragments thereof}, or a radicactive isctope.

Non-limiting exemplary cytotoxic agents that can be conjugated to any of the
ACCs described herein include: dolastating and derivatives thereof {e.g., auristatin E,
AFP, monomethy! auristatin D (MMAD), monomethy! auristatin F (MMAF),
monorethyl auristatin E (MMAE), desmethyl auristatin E (DMAE), auristatin F,
desmethyl auristatin F (DMAF), dolastatin 16 (Dml}, dolastatin 16 (Dpv), auristatin
derivatives {e.g., auristatin tyramine, auristatin quinolone), maytansinoids {e.g., DM-1,
DM-4), maytansinoid derivatives, duocarmycin, alpha-amanitin, turbostatin, phenstatin,
hydroxyphenstatin, spongistatin 5, spongistatin 7, halistatin 1, halistatin 2, halistatin 3,
halocomstatin, pyrrolobenzimidazoles (PBI), cibrostating, doxaliform, cemadotin

analogue {CemCH2-SH), Pseudomonas toxin A (PESS) variant, Pseudomonase toxin A

camptothecin, 7-substituted campothecin, 10, 11-diflucromethylenedioxycamptothecin,

combretasiating, debromoaplysiatoxin, KahaMide-¥F, discodermolide, and Ecteinascidins.



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

Neon-limiting exemplary enzymatically active toxins that can be conjugated to any
of the ACCs described herein include: diphtheria toxin, exotoxin A chain from
Pseudomonas aeruginosa, ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleuriies fordii proteins, dianfthin proteins, Phyioiaca Americana proteins (e g, PAPL
PAPI, and PAP-8), momordica charantia inhibitor, curcin, crotiss, sapaonaria officinalis
inhibitor, geionin, mitogeliin, restrictocin, phenomycin, neomycin, and tricothecenes.

Nouo-limiting exerplary anti-neoplastics that can be conjugated to any of the
ACCs described herein include: adriamycin, cerubidine, bleomycin, alkeran, velban,
oncovin, fluorouracil, methotrexate, thiotepa, bisantrene, novantrone, thioguanine,
procarabizine, and cytarabine.

Non-limiting exeraplary antivirals that can be conjugated to any of the ACCs
described herein include: acyclovir, vira A, and symmaetrel.

Non-timiting exemplary antifungals that can be conjugated to any of the ACCs
described herein include: nystatin,

Non-limiting exemplary conjugatable detection reagents that can be conjugated to
any of the ACCs described heretn include: fluorescein and derivatives thereof,
fluorescein isothiocyanate (FITC).

Non-timiting exemplary antibacterials that can be conjugated to any of the
activatable cytokine constructs described herein include: aminoglycosides, streptomycin,
neomycin, kanamycin, amikacin, gentamicin, and tobramycin,

Non-fimiting exemplary 3beta, 16beta, 1 7alpha-tribydroxycholest-5-en-22-one 16-
0-(2-0-4-methoxybenzoyl-beta-D-xylopyranosyl }-(1-->3}-(2-G-acetyl-alpha-L-
arabinopyranoside} (OSW-1) that can be conjugated to any of the activatable cytokine
constructs described herein include: s-nitrobenzyloxycarbonyl derivatives of 06-
benzylguanine, toposisomerase inhibitors, hemiasterlin, cephalotaxine,
homoharringionine, pyrrol obenzodiazepine dimers (PBDs), functionalized
pyrrolobenzodiazepenes, calcicheamicins, podophyiitoxins, taxanes, and vinca alkoids.

WNon-limiting exemplary radiopharmaceuticals that can be conjugated to any of the
activatable cytokine constructs described herein include: 11, ¥Zr, 251, UM, #®mTe, 2°'T1,

02y, B8, O¥Ga, BN, 180, SR SIRDG, P, P Re UIC, and mTe (Technetium).
k K 2 3 9 k > > . E
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Non-limiting exemplary heavy metals that can be conjugated to any of the ACCs
described herein include: barium, gold, and platinum.

Non-limiting exemplary anti-mycoplasmals that can be conjugated to any of the
ACCs described heretn include: tylosine, spectinomycin, streptomycin B, ampicillin,
sulfanilamide, polymyxin, and chloramphenicol.

Those of ordinary skill in the art will recognize that a large variety of possible
moieties can be conjugated to any of the activatable cytokine constructs described herein.
Conjugation can include any chemical reaction that will bind the two molecules so long
as the ACC and the other moiety retain thetr respective activities. Conjugation can
include many chemical mechanisms, e g, covalent binding, affinity binding,
intercalation, coordinate binding, and complexation. In some embodiments, the preferred
binding is covalent binding. Covalent binding can be achieved either by direct
condensation of existing side chains or by the incorporation of external bridging
molecules. Many bivalent or polyvalent linking agents are useful in conjugating any of
the activatable cytokine constructs described herein. For example, conjugation can
include organic compounds, such as thicesters, carbodiimides, succinimide esters,
glutaraldehyde, diazobenzenes, and hexamethylene diamines. In some embodiments, the
activatable cyiokine construct can include, or otherwise introduce, one or more non-
natural amine acid residues to provide suitable sites for conjugation.

In some embodiments of any of the ACCs described herein, an agent and/or
conjugate is attached by disulfide bonds (e.g., disulfide bonds on a cysteine molecule) to
the antigen-binding domain. Since many cancers naturally release high levels of
glutathione, a reducing agent, glutathione present in the cancerous tissue
microenvironment can reduce the disulfide bonds, and subsequently release the agent
and/or the conjugate at the site of delivery,

In some embodiments of any of the ACCs described herein, when the conjugate
binds to its target in the presence of complement within the target site {e.g., diseased
tissue {e.g., cancerous tissue)}, the amide or ester bond attaching the conjugate and/or
agent to the linker 18 cleaved, resulting in the release of the conjugate and/or agent in its
active form. These conjugates and/or agents when administered to a subject, will
accomplish delivery and release of the conjugate and/or the agent at the target site (e.g.,
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diseased tissue {e.g., cancerous tissue)). These conjugates and/or agents are particularly
effective for the in vive delivery of any of the conjugates and/or agents described herein.

In some embodiments, the linker is not cleavable by enzymes of the complement
system. For example, the conjugate and/or agent is released without complement
activation since complement activation ultimately lyses the target cell. In such
embodiments, the conjugate and/or agent is to be delivered to the target cell {e.g,
hormones, enzymes, corticosteroids, neurotransmitters, or genes). Furthermore, the
linker is mildly susceptible to cleavage by serum proteases, and the conjugate and/or
agent 1s released slowly at the target site.

In some embodimenis of any of the ACCs described herein, the conjugate and/or
agent 1s designed such that the conjugate and/or agent is delivered to the target site {e.g.,
disease tissue (&.g., cancerous tissue)} but the conjugate and/or agent is not released.

In some embodiments of any of the ACCs described herein, the conjugate and/or
agent 1s attached to an antigen-binding domain either directly or via a non-cleavable
linker. Exemplary non-cleavable linkers include amine acids (e.g., D-amino acids},
peptides, or other organic compounds that roay be modified to include functional groups
that can subsequently be utilized in attachment to antigen-binding domains by methods
described herein.

In some embodiments of any of the ACCs described herein, an ACC includes at
least one point of conjugation for an agent. In some embodiments, all possible points of
conjugation are available for conjugation to an agent. In some embodiments, the one or
more points of conjugation include, without limitation, sulfur atoms involved in disulfide
bonds, suifur atoms involved 1o interchain disulfide bonds, sulfur atoms involved in
interchain sulfide bonds but not sulfur atoms involved in intrachain disulfide bonds,,
and/or sulfur atoms of cysteine or other amivo acid residues containing a sulfur atom. In
such cases, residues may occur naturally in the protein construct structure or may be
incorporated into the protein construct using methods including, without limitation, site-
directed mutagenesis, chemical conversion, or mis-incorporation of non-natural amino
acids.

This disclosure also provides methods and materials for preparing an ACC for
conjugation. In some embodiments of any of the ACCs described herein, an ACC is
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modified to include one or more nterchain disulfide bonds. For example, disulfide bonds
in the ACC can undergo reduction following exposure to a reducing agent such as,
without Hmitation, TCEP, DTT, or f-mercaptoethanol. 1n some cases, the reduction of
the disulfide bonds is only partial. As used herein, the term partial reduction refers to
situations where an ACC is contacted with a reducing agent and a fraction of all possible
sites of conjugation undergo reduction (e.g., not all disulfide bonds are reduced). In some
embodiments, an activatable cytokine construct is partially reduced following contact
with a reducing agent if less than 99%, (e.g., less than 98%, 97%, 96%, 95%, 90%, 85%,
80%, 75%, T0%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10% or
less than 5%) of all possible sites of conjugation are reduced. In some embodiments, the
ACC having a reduction in one or more interchain disulfide bonds is conjugated to a drug
reactive with free thiols.

This disclosure alse provides methods and materials for conjugating a therapeutic
agent to a particular location onan ACC. In sorse ervbodiments of any of the ACC
described herein, an ACC is modified so that the therapeutic agents can be conjugated to
the ACC at particular locations on the ACC. For example, an ACC can be partially
reduced in a manner that facilitates conjugation to the ACC. In such cases, partial
reduction of the ACC occurs in a manner that conjugation sites in the ACC are not
reduced. In some embodiments, the conjugation site{s} on the ACC are selected to
facilitate conjugation of an agent at a particular location on the protein construct.
Various factors can influence the “level of reduction” of the ACC upon treatment with a
reducing agent. For example, without limitation, the ratio of reducing agent to ACC,
length of incubation, incubation temperature, and/or pH of the reducing reaction solution
can reguire optimization in order to achieve partial reduction of the ACC with the
methods and materials described berein. Any appropriate combination of factors {e.g.,
ratio of reducing agent to ACC, the length and temperature of incubation with reducing
agent, and/or pH of reducing agent) can be used to achieve partial reduction of the ACC
{e.2., general reduction of possible conjugation sites or reduction at specific conjugation
sites).

An effective ratio of reducing agent to ACC can be any ratio that at least partially
reduces the ACC in a manner that allows conjugation to an agent {e.g., general reduction
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of possible conjugation sites or reduction at specific conjugation sites). In some
embodiments, the ratio of reducing agent to ACC will be in a range from about 20:1 to
121, from about 10:1 to 1.1, from about 9:1 to 1.1, from about 8:1 to 1:1, from about 7:1
to 1:1, from about 6:1 to 111, from about 5:1 to 11, from about 4:1 to 11, from about 3:1
to 1.1, from about 2:1 to0 111, from about 20:1 to 1:1.5, from about 10:1 t0 1:1.5, from
about 9:1 10 1:1.5, from about 8:1 to 1:1.5, from about 7:1 to 1:1.5, from about 6:1 io
1:1.5, from about 5:1 to 1:1.5, from about 4:1 to 1:1.5, from about 3:1 to 1:1.5, from
about 2:1 10 1:1.5, from about 1.5:1 to 1:1.5, or from about 1:1 t0 1:1.5. In some
embodiments, the ratio is in a range of from about 5.1 to 1.1, In some embodiments, the
ratio is in a range of from about 5:1 to 1.5:1. In some embodiments, the ratio isin a
range of from about 4:1 to 1.1, In some embodiments, the ratio is in a range from about
4110 1.5:1. In some embodiments, the ratic is in a range from about 8:1 to about 1:1. In
some embodiments, the ratio is in a range of from about 2.5:1 to 1: 1.

An effective incubation time and temperature for treating an ACC with a reducing
agent can be any time and temperature that at least partially reduces the ACC in a manner
that allows conjugation of aun agent to an ACC {e.g., general reduction of possible
conjugation sites or reduction at specific conjugation sites). In some embodiments, the
incubation time and temperature for treating an ACC will be in a range from about 1 hour
at 37 °C to about 12 hours at 37 °C {(or any subranges therein)}.

An effective pH for a reduction reaction for treating an ACC with a reducing
agent can be any pH that at feast partially reduces the ACC in a manner that aliows
conjugation of the ACC to an agent {e.g., general reduction of possible conjugation sites
or reduction at specific conjugation sites).

When a partially-reduced ACC is contacted with an agent containing thicls, the
agent can conjugaie to the interchain thiols in the ACC. An agent can be modified in a
manner to include thiols using a thiol-containing reagent {(e.g., cysteine or N-acetyl
cysteine). For example, the ACC can be partially reduced following incubation with
reducing agent {e.g., TEPC) for about 1 hour at about 37 °C at a desired ratio of reducing
agent to ACC. An effective ratio of reducing agent to ACC can be any ratio that partially

reduces at least two interchain disulfide bonds located 1n the ACC in a manner that
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allows conjugation of a thiol-containing agent {e.g., general reduction of possible
conjugation sites or reduction at specific conjugation sites).

In some embodiments of any of the ACCs described herein, an ACC is reduced
by a reducing agent in a manner that avoids reducing any intrachain disulfide bonds. In
some embaodiments of any of the ACCs described herein, an ACC is reduced by a
reducing agent in a manner that avoids reducing any intrachain disulfide bonds and
reduces at least one interchain disuifide bound.

In some embodiments of any of the ACCs described herein, the ACC can also
include an agent conjugated to the ACC. In some embodiments, the conjugated agentis a
therapeutic agent.

In some embodiments, the agent {¢ g, agent conjugated to an activatable cytokine
construct) is a detectable moiety such as, for example, a label or other marker. For
example, the agent is or includes a radiolabeled amine acid, one or more biotinyl moieties
that can be detected by marked avidin {(e.g., streptavidin containing a fluorescent marker
or enzymatic activity that can be detected by optical or calorimetric methods), one or
more radioisotopes or radionuclides, one or more fluorescent labels, one or more
enzymatic labels, and/or one or more chemiluminescent agents. In some embodiments,
detectable moieties are attached by spacer molecules.

In some embodiments, the agent {e.g., cytotoxic agent conjugated to an
activatable cytokine construct) is linked to the ACC using a carbohydrate moiety,
sutfhydryl group, amino group, or carboxylate group.

In some embodiments of any of the ACCs described herein conjugated to an
agent, the ageni {e.g., cvtotoxic agent conjugated to an activatable cytokine construct) is
conjugated to the ACC via a linker and/or a CM (also referred to as a cleavable
sequence). In some embodiments, the agent {e.g., cytotoxic ageni conjugated to an
activatable cytckine construct) is conjugated to a cysteine or a lysine in the ACC. In
some embodiments, the agent {e.g., cytotoxic agent conjugated to an activatable cytokine
construct) is conjugated to ancther residue of the ACC, such as those residues disciosed
herein. In some embodiments, the linker 18 a thiol-containing linker. Some non-limiting
examples of the linker and/or CMs are provided in Table 1.

Table 1.
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Amino Acid Sequence

Plasmin CMs

Pro-urokinase

TGER

Plasminogen

Staphylokinase

Factor Xa CMs

MMP CMs

Gelatinase A

Collagenase CMs

Calf skin collagen (0 1(I} chain)

Calf skin collagen (02(1) chain)

Bovine cartilage collagen (e1{il} chain}
Human liver collagen {0 1(3I) chain)
Human oM

Human PZP

Rat cuM

Rat coM

Rat aad3(21)

Rat (2713

Human fibroblast collagenase

{autolviic cleavages)

80

PRFKIIGG (SEQ ID NO: 280)
PRFRIGG (SEQ 1D NO: 281)
SSRHRRALD (SEQ ID NO: 282)
RKSSIHIRMRDVVL (SEQ ID NO: 283)

SSSFDKGKYKKGDDA (SEQ 1D NOG: 284)
SSSFDKGKYKRGDDA (SEQ ID NO: 285)

IEGR (SEQ ID NO: 286)
IDGR (SEQ ID NO: 287)
GGSIDGR (SEQ 1D NO: 288)

PLGLWA (SEQ ID NG: 289)

GPQGIAGQ (SEQ ID NO: 290)
GPQGLLGA (SEQ ID NO: 291)
GIAGQ (SEQ 1D NO: 292)
GPLGIAGI (SEQ ID NO: 293)
GPEGLRVG (SEQ ID NO: 294)
YGAGLGVV (SEQ ID NO: 295)
AGLGVVER (SEQ 1D NO: 296)
AGLGISST (SEQ ID NO: 297)
EPQALAMS (SEQ ID NO: 298)
QALAMSAT (SEQ ID NO: 299)
AAYHLVSQ (SEQ ID NO: 300)
MDAFLESS (SEQ ID NO: 301)
ESLPVVAV (SEQ ID NO: 302)
SAPAVESE (SEQ ID NO: 303)
DVAQFVLT (SEQ ID NO: 304)
VAQFVLT (SEQ ID NO: 305)
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VAQFVLTE (SEQ ID NO: 306)
AQFVLTEG (SEQ ID NO: 307)
PVOPIGPQ (SEQ ID NO: 308)

Those of ordinary skill in the art will recognize that a farge variety of possible
moieties can be coupled to the ACCs of the disclosure. (See, for example, “Covjugate
Vaccines”, Contributions to Microbiclogy and Immunology, J M. Cruse and R E.
Lewis, Jr {eds), Carger Press, New York, {1989), the entire coutents of which are
incorporated herein by reference). In general, an effective conjugation of an agent {e.g.,
cytotoxic agent) to an ACC can be accomplished by any chemical reaction that will bind
the agent to the ACC while also allowing the agent and the ACC to retain functionality.

In some embodiments of any of the ACCs conjugated to an agent, a variety of
bifunctional protein-coupling agents cau be used to conjugate the agent to the ACC
including, without imitation, N-succinimidyl-3-(2-pyridyldithiol} propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters (e g., dimethyl adipimidate
HCL}Y, active esters {e.g., disuccinimidy! suberate}, aldehydes (e.g., glutareldehyde)}, bis-
azido compounds {e.g., bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
{e.g., bis-{p-diazoniumbenzoyl -ethylenediamine), diisocyanates {(e.g., tolyene 2,6-
diisocyanate), and bis-active fluorine compounds {e.g., 1,5-difluoro-2,4-dinitrobenzene).
For example, a ricin immunotoxin can be prepared as described in Vitetta et al, Science
238: 1098 (1987). In some embodiments, a carbon-14-labeled 1-isothiocyanatobenzyl-3-
methyldiethylene triaminepentaacetic acid (MX-DTPA) chelating agent can be used to
conjugate a radionucleotide to the ACC. (See, e.g, W(94/11026).

Suitable linkers and CMs are described in the literature. (See, jfor example,
Ramakrishnan, 8. et al., Cancer Res. 44:201-208 (1984} describing use of MBS (M-
maleimidobenzoyl-N-hydroxysuccinimide ester). See afso, US. Patent No. 5,030,719,
describing use of halogenated acety! hvdrazide derivative coupled to an ACC by way of
an oligopeptide linker. In some embodiments, suitable linkers include: (i) EDC (1-ethyl-
3-(3~dimethylamino-propyl) carbodiimide hydrochloride; (i) SMPT (4-
succinimidyloxycearbonyl-alpha-methyl-alpha-(2-pridyi-dithio)-toluene (Pierce Chem.
Co., Cat. (218S8Gy); (31t SPDP (succinimidyl-6 [3-(2~pyridyldithio) propionamido]
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hexanoate {(Pierce Chem. Co., Cat #21651G); (iv) Sulfo-LC-SPDP (sulfosuccininmidy! 6
[3-(2-pyridyldithio}-propianamide] hexanoate (Pierce Chem. Co. Cat. #2165-G); and (v)
sulfo-NHS (N-hydroxysulfo-succinimide: Pierce Chem. Co., Cat. #24510) conjugated to
EDC. Additional linkers include, but are not limited to, SMCC, sulfo-SMCC, SPDB, or
sulfo-SPDB.

The linkers and CMs described above contain components that have different
attributes, thus leading to conjugates with differing physio-chemical properties. For
example, sulfo-NHS esters of alkyl carboxylates are more stable than sulfo-NHS esters of
aromatic carboxylates. NHS-ester containing linkers are less solubie than sulfo-NHS
esters. Further, the linker SMPT contains a sterically-hindered disuifide bond, and can
form conjugates with increased stability. Disulfide linkages, are in general, less stable
than other linkages because the disulfide linkage is cleaved in vifro, resulting in less
conjugate available. Sulfo-NHS, in particular, can enhance the stability of carbodimide
couplings. Carbodinmde couplings (such as EDC) when used 1o conjunction with sulfo-
MNHS, forms esters that are more resistant to hvdrolysis than the carbodimide coupling
reaction alone.

In some embodiments of any of the ACCs, an agent can be conjugated to the ACC
using a modified amino acid sequence included in the amino acid sequence of the ACC.
By inserting conjugation-enabled amino acids at specific locations within the amino acid
sequence of the ACC, the protein construct can be designed for controlled placement
and/or dosage of the conjugated agent {e.g., cytotoxic agent). For example, the ACC can
be modified to include a cysteine amino acid residue at positions on the first monomer,
the second monomer, the third monomer, and/or the fourth monomer that provide
reactive thiol groups and does not negatively impact protein folding and/or assembly and
does not alter antigen-binding properties. In some embodiments, the ACC can be
medified to include one or more non-natural amino acid residues within the amino acid
sequence of the ACC to provide suitable sites for conjugation. In some embodiments, the
ACC can be modified to include enzymatically activatable peptide sequences within the

amino acid sequence of the ACC.
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Nucleic Acids

Provided herein are nucleic acids including sequences that encode the first
monomer construct {or the protein postion of the first monomer construct) {e.g., any of
the first monomers constructs described herein} and the second monomer construct {or
the protein portion of the second monomer construct) (e.g., any of the second monomer
constructs described herein) of any of the ACCs described herein. In some embodiments,
a pait of nucleic acids together encode the first monomer coustruct {or the protein portion
of the first monomer construct) and the second monomer construct {or the protein portion
of the second monomer construct). In some embodiments, the nucleic acid sequence
encoding the first monomer construct (or the protein portion of the first monomer
construct) is at least 70% identical (e.g., at least 72% identical, at least 74% identical, at
feast 76% 1dentical, at least 78% identical, at least 80% identical, at feast 82% identical,
at least 84 % identical, at least 86% identical, at least 88% identical, at least 90%
identical, at Isast 92% identical, al least 94% 1dentical, at least 96% identical, at least
08% identical, at least 99% identical, or 100% identical) to the nucleic acid sequence
encoding the second monomer construct (or the protein portion of the second monomer
construct).

In some embodiments, the nucleic acid encoding the protein portion of a first
monomer construct encodes a polypeptide comprising the PM1, CP1, CM1, and CM3
moieties. In some embodiments, the nucleic acid encoding the protein portion of a second
monoruer encodes a polypeptide comprising the CP2 and CM2moieties. In some
embodiments, the nucleic acid encoding the protein portion of a second monomer
encodes a polypeptide comprising the CP2, CM2, PM2, and CM4 moieties. In some
embodiments, a pair of nucleic acids together encode the protein portion of a first
monomer construct and the protein portion of the second monomer construct, wherein the
protein portions are then conjugated to the DD and DD2 moieties, respectively (ina
subsequent conjugation step).

In some embodiments, the nucleic acid encoding the first monomer construct
encodes a polypeptide comprising the DD moiety. In some embodiments, the nucleic
acid encoding the second monomer counstruct encodes a polypeptide comprising the DD2
moiety.
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Vectors

Provided herein are vectors and sets of vectors including any of the nucleic acids
described herein. One skilled in the art will be capabie of selecting suitable vectors or
sets of vectors (e.g., expression vectors) for making any of the ACCs described herein,
and using the vectors or sets of vectors to express any of the ACCs described herein. For
example, in selecting a vector or a set of vectors, the cell must be considered because the
vector{s) may need to be able to integrate into a chromosome of the cell and/or replicate
init. Exemplary vectors that can be used to produce an ACC are also described below.

As used herein, the term “vector” refers to a polynucleotide capable of inducing
the expression of a recombinant protein (e.g., a first or second monomer)inacell {(e.g.,
any of the cells described herein). A “vector” 1s able to deliver nucleic acids and
fragments thereot into a host cell, and includes regulatory sequences {e.g., promoter,
enhancer, poly{A) signal}. Exogenous polynucleotides may be inserted into the
expression vector in order to be expressed. The term “vector” also includes artificial
chromosomes, plasmids, retroviruses, and baculovirus vectors.

Methods for constructing suitable vectors that tnclude any of the nucleic acids
described herein, and suitable for transforming cells {e.g., mammalian cells) are well-
known in the art. See, e g, Sambrook et al., Eds. “Molecular Cloning: A Laboratory
Manual,” 2% Ed., Cold Spring Harbor Press, 1989 and Ausubel et al., Eds. “Current
Protocols tn Molecular Biology,” Current Protocols, 1993

Won-limiting examples of vectors include plasmids, transposons, cosmids, and
viral vectors (e.g., any adenoviral vectors (e.g., pSVY or pCMYV vectors), adeno-associated
viras {AAV) vectors, lentivitus vectors, and retroviral vectors), and any Gateway®
vectors. A vector can, for example, include sufficient cis-acting elements for expression;
other elements for expression can be supplied by the host mammalian cell or in an in
vitro expression sysiem. Skilled practitioners will be capable of selecting suitable vectors
and mammalian cells for making any of the ACCs described herein.

In some embodiments of any of the ACCs described herein, the ACC may be
made biosynthetically using recombinant DNA technology and expression in eukaryotic

or prokaryotic species.
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In some embodiments, the vector includes a nucleic acid encoding the first
monomer and the second monomer of any of the ACCs described herein. In some
embodiments, the vector is an expression vector.

In some embodiments, a pair of vectors together include a pair of nucleic acids
that together encode the first monomer and the second monomer of any of the ACCs
described herein. In some embodiments, the pair of vectors is a pair of expression
vectors.

Cells

Also provided heretn are host cells including any of the vector or sets of vectors
described herein including any of the nucleic acids described herein.

Any of the ACCs described herein can be produced by any cell {e.g, a
mammalian cell). In some embodiments, a host cell 1s a mmammalian cell {e.g., a human
celi}, a rodent cell {e.g., a mouse cell, a rat cell, a hamster cell, or a guinea pig cell), ora
non-hursan primate cell.

Methods of introducing nucleic acids and vectors {e.g., any of the vectors or any
of the sets of vectors described herein) into a cell are known in the art. Non-limiting
examples of methods that can be used to introducing a nucleic acid into a cell include:
lipofection, transtection, calcium phosphate transfection, cationic polymer transtection,
viral transduction {(e.g., adenoviral transduction, lentiviral transduction), nanoparticle
transfection, and electroporation.

In some embodiments, the introducing step includes introducing into a cell a
vector {e.g., any of the vectors or sets of vectors described herein) inchuding a nucleic
acid encoding the monomers that make up any of the ACCs described herein.

In some embodiments of any of the methods described herein, the cell can be a
eukaryotic cell. As used herein, the term “eukaryotic cell” refers to a cell having a
distinet, membrane-bound nucleus. Such cells may include, for example, mammalian
{e.g., rodent, non-human primate, or human), insect, fungal, or plant cells. In some
embodiments, the eukaryotic cell is a yeast cell, such as Saccharomyces cerevisiae. In
some embodiments, the eukaryotic cell is a higher eukaryote, such as mammalian, avian,
plant, or insect cells. Non-limiting examples of mammalian cells include Chinese
hamster ovary (CHQO) cells and human embryonic kidney cells (e.g., HEK293 cells).
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In some embodiments, the cell contains the nucleic acid encoding the first
meonomer and the second monomer of any one of the ACCs described herein. Tn some
embodiments, the cell contains the pair of nucleic acids that together encode the first
monomer and the second monomer of any of the ACCs described herein.

Methods of Producing Activatable Cytokine Construcis

Provided herein are methods of producing any of the ACCs described herein that
include: (a) culturing any of the recombinant host cells described herein in a Hquid
culture medium under conditions sufficient to produce the ACC; and (b) recovering the
ACC from the host cell and/or the liguid culture medium.

Methods of culturing cells are well known in the art. Cells can be maintained in
vitre under conditions that favor cell proliferation, cell differentiation and celf growth.
For example, cells can be cultured by contacting a cell {e.g., any of the celis described
herein) with a cell culture medium that includes the necessary growth factors and
supplements sufficient to support cell viability and growih.

In some embodiments of any of the methods described herein, the method further
includes isolating the recovered ACC. Non-limiting examples of methods of isolation
include: ammonium sulfate precipitation, polvethyvlene glycol precipitation, size
exclusion chromatography, ligand-affinity chromatography, ion-exchange
chromatography (e.g., anion or cation), and hydrophobic interaction chromatography.

In some embodiments, the cells can produce a protein portion of a first monomer
construct that includes the CP1, the CM1, the PM2, and the CM3, and a protetn portion
of a second monomer construct that includes the CP2, and the CM2, and optionally the
PM2 and the CM4, and then the protein portions are subsequently conjugated to the DD
and DD2 moieties, respectively.

Compositions and methods described herein may involve use of non-reducing or
partially-reducing conditions that allow disulfide bonds to form between the dimerization
domains to form and maintain dimerization of the ACCs.

In some embodiments of any of the methods described herein, the method further
includes formulating the isolated ACC into a pharmaceutical composition. Various
formulations are koown in the art and are described heretn. Any of the isolated ACCs
described herein can be formulated for any route of adminisiration {(e.g., intravenous,
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intratumoral, subcutaneous, intradermal, oral (e.g., inhalation), transdermal {e.g., topical},
transmucosal, or intramuscular).

Also provided herein are ACCs produced by any of the methods described herein.
Also provided are compositions {e.g., pharmaceutical compositions) that include any of
the ACCs produced by any of the methods described herein. Also provided herein are
kits that include at least one dose of any of the compositions (e g., pharmaceutical
compositions) described herein.

Methods of Treatment

Provided berein are methods of treating a disease (e.g., a cancer {&.g., any of the
cancers described herein)) in a subject including administering a therapeutically effective
amount of any of the ACCs described herein to the subject.

As used herein, the term “subject” refers to any mammal. In some embodiments,
the subject is a feline (e.g, a cat), a canine (e.g., a dog), an equine {(e.g., a horse), a rabbit,
apig, arodent {e.g., a mouse, a rat, a hamster or a guinea pig), a non-human primate
{(e.g., a simian {e.g., a monkey {e.g., a baboon, a marmoset}, or an ape {e.g., a
chirnpanzee, a gorilla, an orangutan, or a gibbon}), or a human. In some embodiments,
the subject is a human.

In some embodiments, the subject has been previously identified or diagnosed as
having the disease (e.g., cancer {e.g., any of the cancers described herein)).

As used herein, the term “treat” includes reducing the severity, frequency or the
number of one or more {e.g., 1, 2, 3, 4, or 5} symptoms or signs of a disease {e.g., a
cancer {e.g., any of the cancers described herein)) in the subject (e.g., any of the subjects
described herein). In sorne erobodiments where the disease is cancer, treating results o
reducing cancer growth, inhibiting cancer progression, inhibiting cancer metastasis, or
reducing the risk of cancer recurrence in a subject having cancer.

In some embodiments, the methods and uses of the present disclosure include any
route of administration including intravenous, infusion, intratumoral, subcutaneocus,
intraperitoneal, intradermal, oral (e.g., inhalation}, intranasal, ransdermal {e.g., topical},
transmucosal, and/or intramuscular.

In some embodiments of any of the methods described herein, the diseaseisa

cancer. Also provided herein are methods of treating a subject in need thereof (e.g., any
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of the exemplary subjects described herein or known in the art) that include administering
to the subject a therapeutically effective amount of any of the ACCs described herein or
any of the compositicns {(e.g., pharmaceutical compositions} described herein.

In some embodiments of these methods, the subject has been identified or
diagnosed as having a cancer. Non-limiting examples of cancer include: solid tumor,
hematological tumor, sarcoma, osteosarcoma, glicblastoma, neurcblastoma, melanoma,
rhabdomyosarcoma, Ewing sarcoma, osteosarcoma, B-cell neoplasms, multiple myeloma,
a lymphoma (e.g., B-cell lvmphoma, B-cell non-Hodgkin’s lvmphoma, Hodgkin’s
tymphora, cutaneous T-cell lymphoma), a feukemia {e.g., hairy cell leukena, chrounie
lymphocytic leukemia (CLL}, acute myeloid leukemia {AML), chronic myeloid leukemia
{CML), acute lymphocytic leukenmia (ALL)), myelodysplastic syndromes (MDS), Kapost
sarcoma, retinoblastoma, stomach cancer, urothelial cascinoma, lung cancer, renal cell
carcinoma, gastric and esophageal cancer, pancreatic cancer, prostate cancer, brain
cancer, colon cancer, bone cancer, lung cancer, breast cancer including triple negative
breast cancer (TINBC), colorectal cancer, ovarian cancer, nasopharyngeal adenocarcimoa,
non-small cell lung carcinoma {(NSCLC), squamous cell head and neck carcinoma,
endometrial cancer, bladder cancer, cervical cancer, liver cancer, and hepatocellular
carcinoma. In some embodiments, the cancer s a lyrmphoma. In some embodiments, the
lymphoma is Burkitt’s lymphoma. In some aspects, the subject has been identified or
diagnosed as having familial cancer syndromes such as Li Fraumeni Syndrome, Familial
Breast-Ovarian Cancer (BRCA1T or BRAC2 mutations) Syndromes, and others. The
disclosed methods are also useful in treating non-solid cancers. Exemplary solid tumors
include malignancies (e.g., sarcomas, adenocarcinomas, and carcinomas) of the various
organ systems, such as those of lung, breast, lymphoid, gastrointestinal (e.g., colon}, and
genitourinary (e.g., reval, urothelial, or testicular tumors) tracts, pharynx, prostate, and
ovary. Exemplary adenocarcinomas include colorectal cancers, renal-cell carcinoma,
tiver cancer, non-small cell carcinoma of the fung, and cancer of the small intestine.

Exemplary cancers described by the National Cancer Institute include: Acute
Lymphoblastic Leukemia, Adult; Acute Lymphoblastic Leukemia, Childhood; Acute
Myeloid Leukemia, Adult; Adrenocortical Carcinoma; Adrenocortical Carcinoma,

Childhood; AIDS-Related Lymphoma; AIDS-Related Malignancies; Anal Cancer,;
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Astrocytoma, Childhood Cerebellar; Astrocytoma, Childhood Cerebral; Bile

Duct Cancer, Extrahepatic; Bladder Cancer; Bladder Cancer, Childhood; Bone Cancer,
Osteosarcoma/Malignant Fibrous Histiocyioma; Brain Stem Glioma, Childhood; Brain
Tumor, Adult; Brain Tumor, Brain Stem Glioma, Childhood; Brain Tumor, Cerebellar
Astrocytoma, Childhood; Brain Tumor, Cerebral Astrocytoma/Malignant Glioma,
Childhood; Brain Tumor, Ependymoma, Childhood; Brain Tumor, Medulioblastoma,
Childhood; Brain Tumor, Supratentorial Primitive Neuroectodermal Tumors, Childhood;
Brain Tumor, Visual Pathway and Hypothalamic Glioma, Childhood; Brain Tumeor,
Childhood (Gther), Breast Cancer; Breast Cancer and Pregnavcy, Breast Cancer,
Childhood; Breast Cancer, Male; Bronchial Adenomas/Carcinoids, Childhood; Carcinoid
Tumor, Childhood, Carcinoid Tumor, Gastrointestinal; Carcinoma, Adrenocortical;
Carcinoma, Islet Cell; Carcinoma of Unknown Primary; Central Nervous System
Lymphoma, Primary; Cerebellar Astrocytoma, Childhood; Cerebral
Astrocytoma/Malignant Glioma, Childbhood; Cervical Cancer; Childhood Cancers;
Chronic Lymphocytic Leukemia; Chronic Myelogenous Leukemia; Chronic
Myeloproliferative Disorders; Clear Cell Sarcoma of Tendon Sheaths; Colon Cancer,
Colorectal Cancer, Childhood; Cutaneous T-Cell Lymphoma; Endometrial Cancer;
Ependymoma, Childhood; Epithelial Cancer, Ovarian; Esophageal Cancer;

Esophageal Cancer, Childhood; Ewing's Family of Tumors; Extracranial Germ Cell
Tumor, Childhood; Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct Cancer;
Eye Cancer, Intraccular Melanoma; Eye Cancer, Retinoblastoma; Gallbladder Cancer;
Gastric {Stomach) Cancer; Gastric {Stomach) Cancer, Childhood; Gastrointestinal
Carcinoid Tumor, Germ Cell Tumor, Extracranial, Chitdhood, Gerro Cell Tumor,
Extragonadal; Germy Cell Tumor, Ovarian; Gestational Trophoblastic Tumor; Glioma,
Childhood Brain Stem; Glioma, Childhood Visual Pathway and Hypothalamic; Hairy
Cell Leukemia; Head and Neck Cancer;, Hepatoceliular (Liver) Cancer, Adult (Primary);
Hepatocelular (Liver) Cancer, Childhood (Primary); Hodgkin's Lymphoma, Adult;
Hodgkin's Lymphoma, Childhood; Hodgkin's Lymphoma During Pregnancy;
Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Glioma, Childhood;
Intraocular Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); Kaposi's Sarcoma;

Kidney Cancer; Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia, Acute
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Lymphoblastic, Adult; Leukemia, Acute Lymphoblastic, Childhood; Leukemia, Acute
Myeloid, Adult; Leukemia, Acute Myeloid, Childhood; Leukemia, Chronic
Lymphocytic; Leukemia, Chronic Myelogenous; Leukemia, Hairy Cell; Lip and Oral
Cavity Cancer; Liver Cancer, Adult (Primary); Liver Cancer, Childhood (Primary};
Lung Cancer, Non-Small Cell; Lung Cancer, Small Cell; Lymphoblastic Leukemia,
Adult Acute; Lymphoblastic Leukemia, Childhood Acute; Lymphocytic Leukemia,
Chrouic; Lympboma, AIDS-Related; Lymphoma, Central Nervous System (Primary);
Lymphoma, Cutaneous T-Cell; Lymphoma, Hodgkin's, Adult, Lymphoma, Hodgkin's,
Childbhood; Lymphoma, Hodgkin's During Pregnancy; Lymphoma, Non-Hodgkin's,
Adult; Lymphoma, Non-Hodgkin's, Childhood; Lymphoma, Non-Hodgkin's During
Pregnancy; Lymphoma, Primary Central Nervous System; Macroglobulinemia,
Waldenstrom's; Male Breast Cancer; Malignant Mesothelioma, Adult; Malignant
Mesothelioma, Childhood; Malignant Thymoma; Medulloblastoma, Childhood,
Melanoma; Melanoma, Intraocular; Merkel Cell Carcinoma; Mesothelioma, Malignant;
Metastatic Squamous Neck Cancer with Occult Primary; Multiple Endocrine Neoplasia
Syndrome, Childhood; Multiple Myeloma/Plasma Cell Neoplasm; Mycosis Fungoides;
Myelodysplastic Syndromes; Myelogenous Leukemia, Chronic; Myeloid Leukemia,
Childhood Acute; Myeloma, Multiple; Myeloproliferative Disorders, Chronic; Nasal
Cavity and Paranasal Sinus Cancer;, Nasopharyngeal Cancer; Nasopharyngeal Cancer,
Childhood; Neuroblastoma; Non-Hodgkin's Lymphoma, Adult; Non-Hodgkin's
Lymphoma, Childhood; Non-Hodgkin's Lymphoma During Pregnancy; Noun-Small Cell
Lung Cancer; Oral Cancer, Childhood; Oral Cavity and Lip Cancer;

Oropharyngeal Cancer; Osteosarcoma/Malignant Fibrous Histiocytoma of Bone;
Ovarian Cancer, Childhood; Gvarian Epithelial Cancer; Ovarian Germ Cell Tumor;
Ovartan Low Malignant Potential Tumor, Pancreatic Cancer; Pancreatic Cancer,
Childhood; Pancreatic Cancer, Islet Cell; Paranasal Sinus and Nasal Cavity Cancer;
Parathyroid Cancer; Penile Cancer; Pheochromocytoma; Pineal and Supratentorial
Primitive Neurcectodermal Tumors, Childhood; Pituitary Tumor, Plasma Cell
Neoplasm/Multiple Myeloma; Pleuropulmonary Blastoma; Pregnancy and Breast Cancer;
Pregnancy and Hodgkin's Lymphoma; Pregnancy and Non-Hodgkin's Lymphoma;
Primary Central Nervous System Lymphoma; Primary Liver Cancer, Adult; Primary
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Liver Cancer, Childhood; Prostate Cancer; Rectal Cancer; Renal Cell (Kidney) Cancer;
Renal Cell Cancer, Childhood; Renal Pelvis and Ureter, Transitional Celi Cancer;
Retinobiastoma, Rhabdomyosarcoma, Childhood; Salivary Gland Cancer; Salivary
Gland Cancer, Childhood; Sarcoma, Ewing's Family of Tumors; Sarcoma, Kaposi's;
Sarcoma (Osteosarcoma)/Malignant Fibrous Histiocytoma of Bone, Sarcoma,
Rhabdomyosarcoma, Childhood; Sarcoma, Soft Tissue, Adult; Sarcoma, Soft Tissue,
Childhood; Sezary Syndrome; Skin Cancer; Skin Cancer, Childhood;

Skin Cancer (Melanoma); Skin Carcinoma, Merkel Cell; Small Cell Lung Cancer; Small
Intestine Cancer; Soft Tissue Sarcoma, Adult; Soft Tissue Sarcoma, Childhood;
Squamous Neck Cancer with Occult Primary, Metastatic; Stomach (Gastric) Cancer;
Stomach (Gastric) Cancer, Childhood; Supratentorial Primitive Neuroectodermal
Tumors, Childhood; T-Cell Lymphoma, Cutaneous; Testicular Cancer; Thymoma,
Childhood; Thymoma, Malignant, Thyroid Cancer; Thyroid Cancer, Childhood,
Transitional Cell Cancer of the Renal Pelvis and Ureter; Trophoblastic Tumor,
Gestational; Unknown Primary Site, Cancer of, Childhood; Unusual Cancers of
Childhood; Ureter and Renal Pelvis, Transitional Cell Cancer; Urethral Cancer; Uterine
Sarcoma; Vaginal Cancer; Visual Pathway and Hypothalamic Glioma, Childhood;
Vulvar Cancer; Waldenstrom's Macro globulinernia; and Wilms' Tumor,

Further exemplary cancers include diffuse large B-cell lymphoma (DLBCL) and
mantle cell lvmphoma (MCL).

Metastases of the aforementioned cancers can also be treated or prevented in
accordance with the methods described herein.

In some embodiments, these methods can result in a reduction in the number,
severity, or frequency of one or more symptoms of the cancer in the subject {e.g , as
compared to the number, severity, or frequency of the one or more symptoms of the
cancer in the subject prior to treatment).

In some embodiments of any of the methods described herein, the methods further
include administering to a subject an additional therapeutic agent (e.g., one or more of the
therapeutic agents listed in Table 2).

Table 2. Additional Therapeutic Agents

| Antibedy Trade Name (autibody name) l Target |
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Raptiva™ {efalizumab) CDila
Arzerra™ (ofatumumab) P20
Bexxar™ (tositumomab) D20
Gazyva™ {(obinutuzumab) CD20
Ocrevus™ (ocrelizumab) 20
Rituxan™ (rituximab) CD20
Zevalin™ {ibritumomab tiuxetan) D20
Adcetris™ (brentuximab vedotin} CD30
Myelotarg™ {gemtuzumab) CD33
Mylotarg™ {gemtuzumab ozogamicin} D33
{vadastuximab) CD33
{vadastuximab talitine) D33
Campath™ (alemtuzumaly) CD52
Lemtrada™ (alemtuzumab) D52
Tactress™ (tamtuveimab) CDs2

Soliris™ (eculizumab)

Complement C5

Ultomiris™ {ravulizumab)

Complement C5

{oiendalizumab)

Complement C5

Yervoy ™ (ipilimumab) CTLA-4
{tremelimumab) CTLA-4
Orencig™ (abatacept) CTLA-4
Hu5¢8 CDA0L
{letolizumab) CD40L
Rexomun™ (ertumaxomab) CD3/Her2
Erbitux™ (cetuximab) EGFR
Portrazza™ (necitumumab) EGFR
Vectibix™ (panitumumab) EGFR
CH206 EGFR
{depatuxizumab) HGFR
{depatuxizumab mafodotin) HGFR
{futuximab:modotuximab) EGFR
ICR62 (imgantzumab) HGFR
{laprituximaly} BGFR
(losatuxizumab) EGHR
{losatuxizumab vedotin) EGFR
mAb 528 EGFR
{matuzumab) EGFR
{rmimotuzumab) HGFR
{tomuzotuximab) HGER
{zalutumumab) HGFR
MDX-447 BEGFR/CD64
{adecatumumab) EpCAM
Panorex™ {edrecolomab} HpCAM
Vicinium™ EpCAM

Svnagis™ (palivizumab)

F protein of RSY
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ReoPro™ (abiciximab)

Glycoprotein receptor Hb/lla

Herceptin™ (trastuzumab)

Her2

Herceptin™ Hylecta (trastuzumab; Her2
Hyaluronidase)

{trastuzumab deruxtecan) Her2
{hertuzumab verdotin} Her2
Kadeyla™ {(trastuzunmab emtansine) Her2
{margetuximab) Her2
{timigutuzumab) Her2
Xolair™ (omalizumab) lgE
{(ligelizumab) IgE
{figitumumab) IGFIR
{teprotumurmab) IGFIR
Simulect™ (basiliximab) ILZR
Zenapax™ (daclizumab) IL2R
Zinbryta™ (daclizumab) ILZR

Acterra™ (tocilizumab)

1L~6 receptor

Kevzara™ {(sarilumab}

116 receptor

{vobarilizumab)

IL.-6 receptor

Stelara™ (ustekinumab)

IE-12/1L-23

Tysabri™ (natalizumab) Integrinog4
{abrilumab) Integringd
Jagged 1 or Jagged 2
{fasinumabh) NGF
{fulranumab) NGF
{ianczumab) NGF
Notch, e.g., Notch 1
Pidilizumab Delia like-1 (PD-1 pathway
inhibitor)
Opdivo® (mivolurab) P
Keytruda® (pembrolizamab) PD1
Libtayo® {cemiplimab) PD1
BGB-A317 (tislelizumab) PD1
PDROO0! (spartalizumab) PD1
INJ-63723283 {cetrelimab) PD1
TSRO42 (dostarlimab) PDI
AGEN2034 (balstilimab) PD1
JS001 (toripalimab) PD1
IOBI308 (sintilimab) PD1
BCID00 (prolgolimab) PD1
CBT-501 (genolimzumab P
ABBVI1SI (budigalimab) PD1
AK10S P
BI-754091 PD1
INCSHR-1210 P
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MEDIO680 PD1
MGAO12 PD1
SHR-1210 PD1
Imfinzi™ (durvalumab) PD-L1
Tecentrig® {atezolizumab} PD-L1
Bavencio® (avelumab) PD-LI
KNO3S {envafolimab} PD-L1
BMS936559 (MDX11035) PD-L1
BGBA 333 PD-L1
FAZ0S53 PD-LI
LY-3300054 PD-L1
SH-1316 PD-L1
AMP-224 P12
{(bavituximab) Phosphatidylserine
hui591 PSMA
RAVI1Z RAAGIZ
Prolia™ {denosumab} RANKL
GC 1008 (fresolimumab) TGFbeta
Cimzia®™ (Certolizumab Pegol) TNFu
Remicade™ (infliximab) ThNFo
Humira™ {adalimumab) TNFo
Sirmponi™ {eolimumab) TNFao
Enbrel™ (etanercept) TNF-R
{mapatumumab) TRAIL-R]
Avastin™ (bevacizumab} VEGE
Lucentis™ (ranibizumab) VEGF
{brolucizumab) VEGF
{vanucizumab) VEGF

Compositions/Kits

Also provided herein are compositions {e.g., pharmaceutical compositions)
including any of the ACCs described hereinand one or more{e.g, 1,2, 3.4, or §)
pharmaceutically acceptable carriers {e.g., any of the pharmaceutically acceptable carriers
described herein), diluents, or excipients.

fn some embodiments, the compositions {e.g. pharmaceutical compositions) that
include any of the ACCs described herein can be disposed in a sterile vial or a pre-loaded
sytinge.

In some embodiments, the compositions {e.g. pharmaceutical compositions) that

inchude any of the ACCs described herein can be formulated for different routes of
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administration {e.g., intravenous, subcutaneous, intramuscular, intraperitoneal, or
intratumoral }.

In some embodiments, any of the pharmaceutical compositions described herein
can include one or more buffers {e.g , a neutral-buffered saline, a phosphate-buffered
saline (PBS), amino acids (e.g., glycing), one or more carbohydrates {(e.g., glucose,
mannose, sucrose, dextran, or mannitol}, one or more antioxidants, one or more chelating
agents {e.g, EDTA or glutathione), one or more preservatives, and/or a pharmaceutically
acceptable carner (e.g., bacteriostatic water, PBS, or saline}.

Asused herein, the phrase “pharmaceutically acceptable carrier” refers to any and
all solvents, dispersion media, coatings, antibacterial agents, antimicrobial agents,
isotonic and absorption delaying agents, and the like, compatible with pharmaceutical
administration. Suitable carriers include, but are not limited fo; water, saline, ringer’s
solutions, dextrose solution, and about 5% human serum albumin.

In some embodiments of any of the pharmaceutical compositions described
herein, any of the ACCs described herein are prepared with carriers that protect against
rapid elimination from the body, e.g., sustained and controlied release formulations,
including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, e.g., ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, coilage, polvorthoesters, and polylactic acid. Methods for preparation
of such pharmaceutical compositions and formulations are apparent to those skilled in the
art.

Also provided herein are kits that include any of the ACCs described herein, any
of the compositions that include any of the ACCs described herein, or any of the
pharmaceutical compositions that include any of the ACCs described herein. Also
provided are kits that include one or more second therapeutic agent{s) selected from
Table 2 in addition to an ACC described herein. The second therapeutic agent(s) may be
provided in a dosage administration form that is separate from the ACC. Alternatively,
the second therapeutic agent(s) may be formulated together with the ACC.

Any of the kits described herein can include instructions for using any of the
compositions {(e.g., pharmaceutical compositions} and/or any of the ACCs described

herein. In some embodiments, the kits can include instructions for performing any of the
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methods described herein. In some embodiments, the kits can include at least one dose of

any of the compositions {e.g., pharmaceutical compositions} described herein. In some

embodiments, the kits can provide a syringe for administering any of the pharmaceutical
compositions described herein,

The present disclosure includes and finds support for and in any one or any
combination of the following items:

1. An activatable cytokine construct (ACC) that includes a first monomer construct and
a second monomer construct, wherein:

{a) the first oonomer construct comprises a first peptide wask (PM1), a first roature
cytokine protein (CP1), a first and a third cleavable moigties (CM1 and CM3}, and a
first dimerization domain (DD1), wherein the CM1 is positioned between the CP1
and the I3D1 and the CM3 is positioned between the PM1 and the CP1; and

{b) the second monomer construct comprises a second mature cytokine protein (CP2), a
second cleavable motety ({CM2}, and a second dirnerization domain {(BD2), wherein
the CM2 is positioned between the CP2 and the DD2;

wherein the DD1 and the DD2 bind to each other thereby forming a dimer of the first

monomer construct and the second monomer construct.

b

The ACC of itemn 1, wherein the second monomer construct further comprises a
second peptide mask (PM2) and a fourth cleavable moiety (CM4), wherein the CM4
is positioned between the PM2 and the CP2.

3. The ACC ofitem 1 or 2, wherein the first monomer construct comprises a first
polypeptide that comprises the PM1, the CM3, the CP1, the CM1, and the DD,
optionally wherein the first monomer consiruct comprises a structural arrangroent in a
N-to C-terminal direction of PM1-CM3-CP1-CM1-DD1, wherein each dash (-}
between the ACC compouents represents either a direct linkage or linkage via one or
more linkers.

4. The ACC of any one or combination of items 1-3, wherein the second monomer
construct comprises a second polypeptide that comprises the CP2, the CM2, and the
DD2.

5. The ACC of item 2, wherein the second monomer construct comprises a second

polypeptide that comprises the PM2, the CM4, the CP2, the CM2, and the DD2,
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optionally wherein the second monomer construct comprises a structural arrangment
in a N- to C-terminal direction of PM2-CM4-CP2-CM2-DD2.

The ACC of any one or combination of items 1-5, wherein the CP1 and/or the CP2
is/are each individually selected from the group counsisting of. an interferon, an
interleukin, GM-CSE, G-CSF, LIF, OSM, CD154, LT3, TNF-o, TNE-B, 4-1BBIL,
APRIL, CD70, CD153, CD178, GITRL, LIGHT, OX40L, TALL-1, TRAIL,
TWEAK, TRANCE, TGF-1, TGF-B1, TGF-B3, Epo, Tpo, Fit-3L, SCF, M-CSF, and
MSP, opticually wherein the CP1 and/or the CP2 is independently selected from -2,

-7 -8, 1-10, IL-12 11-15, [IL-21, an [FN-alpha, an IFN beta, an IFN gamma,

GM-CSF, TGF-beta, LIGHT, GITR-L, CD40L, CD27L, 4-1BB-L, 0X40, and
OX40L.

7
/

The ACC of any one or combination of items 1-6, wherein:

the PM1T comprises a sequence selected from the group consisting of SEQ 1D NOs: |

329,323, and 331-369, and the CP1 is an interferon;

the PM1 comprises a sequence selected from the group consisting of SEQ 1D NOs: 3

329, 323, and 331-364, and the CP1 is an interferon alpha;

the PM1 comprises a sequence selected from the group consisting of SEQ ID NOs:

360, 362-364, and the CP1 is an interferon beta;

the PM1 comprises a sequence selected from the group consisting of SEQ ID NQOs: 33

360, 366-369, and the CP1 is an interferon gamma,

the PM1 comprises a sequence selected from the group consisting of SEQ ID NOs:

374, and the CP1 is an 1L-12;

the PMI comprises a sequence selected from the group consisting of SE(Q 1D NOs:

382, 469-477, 478, and the CP1 ig an IL-1S5;

the PM1 comprises a sequence selected from the group consisting of SEQ 1D NOs:

468, 469-478, and the CPH s an {L-2; or

the PM 1 comprises a sequence selected from the group consisting of SEQ 1D NOs:

and 479, and the CPl isan IL-21

8 The ACC of any one or combination of items 2-7, wherein:

the PM2 comprises a sequence selected from the group consisting of SEQ ID NOs:

329,323, and 331-369, and the CP2 is an interferon;

a7
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the PM2 comprises a sequence selected from the group consisting of SEQ 1D NQOs: 328,
329, 323, and 331-364, and the CP2 is an interferon alpha;

the PMZ comprises a sequence selected from the group consisting of SEQ 1D NOs: 331-
360, 362-364, and the CP2 1s an interferon beta;

the PM2 comprises a sequence selected from the group consisting of SEQ ID NQGs: 331~
360, 366-369, and the CP2 is an interferon gamma;

the PM2 comprises a sequence selected from the group consisting of SEQ ID NOs: 370-
374, and the CP2 is an 1L.-12;

the PM2 comprises a sequence selected from the group consisting of SEQ ID NOs: 375-
382, 469-477, 478, and the CP2 is an [L.-15;

the PM2 comprises a sequence selected from the group consisting of SEQ ID NOs: 383-
468, 469-478, and the CP2 is an 1L.-2; or

the PMZ comprises a sequence selected from the group consisting of SEQ ID NOs: 478

and 479, and the CP2 is an H.-21.

(¢

9. The ACC of any one or combination of items 2-8, wherein PM1, PM2 or PM1 and
PM2 comprises SEG ID NG 323

10. The ACC of any one or combination of items 2-9, wherein PM1, PM2 or PM1 and
PM2 comprises SEQ IDNG: 331

11. The ACC of any one or combination of items 2-10, wherein PM1, PM2 or PM1 and
PM2 comprises SEG ID NO: 332

12. The ACC of any one or combination of items 2-11, comprising a mask linking region
between PM1 and CP1 that comprises 15, 16, 17, 18, 19, 20, 21, or 22 amino acids.

13. The ACC of any one or combination of items 2-12, comprising a mask linking region
between PM2 and CPZ that comprises 15, 16, 17, 18, 19, 20, 21, or 22 amino acids.

14. The ACC of any one or combination of items 1 1o 13, wherein the BD1 and the DD2
are a pair selected from the group consisting oft a pair of Fc domains; a sushi domain
from an alpha chain of human IL-15 receptor (IL15Ra) and a soluble IL-15; barnase
and barnstar, a PKA and an AKAP; adapter/docking tag modules based on mutated
RNase I fragments; an epitope and sdAb; an epitope and scFv; and SNARE modules
hased on interactions of the proteins syntaxin, synaptotagmin, synaptobrevin, and
SNAPZS; an antigen-binding domain and an epitope.
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. The ACC of item 14, wherein the DD1 and the DD2 are a pair of Fc domains.
. The ACC of item 15, wherein the pair of Fc domains is a pair of human Fe domains.

. The ACC of item 16, wherein the human Fc domains are human g1 Fe domaius,

human IgG2 Fc domains, human 1gG3 Fe domains, or human IgG4 Fe domains.

. The ACC of item 17, wherein the human Fc domains are human Ig(G4 Fc domains.

- The ACC of item 16, wherein the human Fc domains comprise a sequence that is at

teast 80% identical to SEQ ID NO: 3.

20. The ACC of item 19, wherein the human Fc domains comprise a sequence that is at

feast 90% identical to SEQ ID NG: 3.

. The ACC of item 20, wherein the human Fc domains comprise SEQ D NOG: 3.

- The ACC of'item 14, wherein the DD and the DD2 comprise SEQ ID NOs: 318 and

319, respectively.

. The ACC of any one or combination of items 1-21, wherein the DD1 and the DD2 are

the same.
The ACC of item 14, wherein the DD1 comprises an antigen-binding domain and

DD2 comprises a corresponding epitope.

. The ACC of item 24, wherein the antigen-binding domain is an anti-His tag antigen-

binding domain and wherein the DD2 comprises a His tag.
The ACC of ttem 24, wherein the antigen-binding domain is a single chain variable

fragment {(scFv).

. The ACC of item 24, wherein the antigen-binding domain is a single domatin antibody

(sdAb).

. The ACC of itern 14, wherein at least one of the DD1 and the DD2 comprises a

dimerization domain substituent selected from the group consisting of a non-

polypeptide polymer and a small molecule.

29. The ACC of item 28, wherein the DD and the DD2 comprise non-polypeptide

polymers covalently bound to each other.

. The ACC of item 29, wherein the non-polypeptide polymer is a sulfur-containing

polyethylene glycol, and wherein the DD and the DD2 are covalently bound to each

other via one or more disulfide bonds.
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44,

48.

. The ACC of item 28, wherein at least one of the DD and the DDZ comprises a small
molecule.

- The ACC of item 31, wherein the small molecule is biotin.

. The ACC of item 32, wherein DD1 comprises biotin and DD2 comprises an avidin,

. The ACC of any one or combination of items 1-33, wherein the CP1 and the CP2 are

mature cytokines.

3. The ACC of any one or combination of tlerns 1-33, wherein the CP1 and the CP2

comprise a signal peptide.

. The ACC of any one or combination of items 1-35, wherein the CP1 and the CP2 are
the same.

. The ACC of any one or combination of iterns 1-35, wherein the CP1 and the CPZ are
different.

. The ACC of any one or combination of items 1-35, wherein the CP1 and/or the CP2
is/are an interferon.

. The ACC of item 38, wherein the CP1 and the CP2 are an interferon.

). The ACC of item 38, wherein the CP1 and the CP2 are different interferons.

. The ACC of item 38, wherein the CP1 and the CP2 are the same interferon.

. The ACC of any one one or combination of iterns 38-41, wherein the interferon(s)
isfare a human wildtype mature interferon.

. The ACC of any one one or combination of items 38-42, wherein the interferon(s)
is/are selected from the group consisting of interferon-alpha, interferon-beta,
interteron-omega, and interferon-tau.

The ACC of itern 43, wheretn the interferons is/are an interferon-alpha.

s The ACC of item 44, wherein the interferon{s}) is/are selected from the group

consisting of: interferon alpha-2a, tuterferon alpha-2b, and wnterferon alpha-n3.
& >

5. The ACC of item 45, wherein the interferon(s) is/are interferon alpha-2b.

7. The ACC of item 46, wherein the CP1 and/or the CP2 comprises a sequence that is at

least 80% identical to SEQ ID NGO 1.
The ACC of item 47, wherein the CP1 and/or the CP2 comprises a sequence that is at

least 90% identical to SEQ ID NG 1.
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55,

The ACC of item 48, wherein the CP1 and/or the CP2 comprises the sequence of

SEQIDNG: 1

- The ACC of item 43, wherein the interferon is an interferon beta.

. The ACC of item 50, wherein the interferon beta is selected from the group consisting

of interferon beta-1a, and interferon beta-1b.

- The ACC of any one or combination of items 1-31, wherein the CP1 and/or the CP2

comprises an [Fab domain.

. The ACC of any one or combination of items 1-38, wherein the CP1 and/or the CP2

comprises an interleukin.

. The ACC of item 53, wherein the interleukin is selected from the group consisting of

L-To, I-18, TL-1RA IL-18, TR-2, -4, IL-7, TL-9 TL-13, I-15, IL-3, 1L-5, IL-¢,
-1, B-12, 1-10, IL-20, I-21, H-14, IL-16, and IL-17.
The ACC of any one or combination of items 1-54, wherein each of the CM1 and the

CM?2 comprises a total of about 3 amino acids to about 15 amino acids.

50. The ACC of any one or combination of items 1-55, wherein one or more of the CM1,

the CM2, the CM3, and the CM4 comprise substrates for different proteases.

. The ACC of any one or combination of items 1-36, wherein the CM1, the CM2, and

the CM3 comprise substrates for the same protease.

. The ACC of any one or combination of iterns 1-57, wherein the protease(s) is/are

selected from the group consisting oft ADAMS, ADAMS, ADAMIO, ADAMIZ
ADAMI15, ADAMI17/TACE, ADAMDEC], ADAMTS1, ADAMTS4, ADAMTSS,
BACE, Renin, Cathepsin 3, Cathepsin E, Caspase 1, Caspase 2, Caspase 3, Caspase
4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase 9, Caspase 10, Caspase 14,
Cathepsin B, Cathepsin C, Cathepsin K, Cathespin L, Cathepsin 8, Cathepsin V/L2,
Cathepsin X/Z/P, Cruzipain, Legumain, Otubain-2, KLK4, KLKS5, KLK6, KLK7,
KLK8, KLK10, KLK11, KLK13, KLK 14, Meprin, Neprilysin, PSMA, BMP-1,
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-10, MMP-11, MMP-12, MMP-
13, MMP-14, MMP-15, MMP-16, MMP-17, MMP-19, MMP-20, MMP-23, MMP-
24, MMP-26, MMP-27, activated protein C, cathepsin A, cathepsin G, Chymase,
FVia, FIXa, FXa, FXIa, FXlla, Flastase, Granzyme B, Guanidinobenzoatase, HirAl,
human neutrophil lvase, lactoferrin, marapsin, NS3/4A, PACE4, Plasmin, PSA, tPA,
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59,

thrombin, tryptase, uPA, DESCH, DPP-4, FAP, Hepsin, Matriptase-2, MT-
SPi/Matripase, TMPRSS2, TMPRSSS, and TMPRSES4.

The ACC of item 58, wherein the protease(s) is/are selected from the group consisting
of: uPA, fegumain, MT-SP1, ADAM17, BMP-1, TMPRSS3, TMPRSS4, MMP-2,
MMP-9, MMP-12, MMP-13, and MMP-14

The ACC of any one or combination of item 1-57, wherein the UM, CM2, CM3,
and/or the CM4 comprise a sequence selected from the group consisting of
LSGRSDNH (SEQ ID NG: 5), TGRGPSWYV (SEQ ID NO: 6), PLTGRSGG (SEQ ID
NG: 7), TARGPSFK (SEQ ID NGO 8), NTLSGREENHSG (S8EQ [D NG: 9),
NTLSGRSGNHGS (SEQ D NG: 10), TSTSGRSANPRG (SEQ 1D NO: 11,
TSGRSANP (SEQ ID NO: 12), VHMPLGFLGP (SEQ ID NO: 13), AVGLLAPP
(SEG ID NO: 14, AQNLLGMV (SEQ 1D NGO: 15), ONOQALRMA (SEQ ID NO: 16),
LAAPLGLL (SEQ ID NO: 17), STEPFGMF (SEQ ID NO: 18), ISSGLLSS (SEQ ID
NG: 193, PAGLWLDP (SEQ ID NG: 20), VAGRSMRP (SEQ ID NO: 21,
VVPEGRRS (SEQ ID NO: 22), L PRSPAF (SEQ 1D NO: 23), MYLGRSLL {(SEQ
1D NO: 24), QGRAITFI (SEQ ID NO: 25), SPRSIMLA (SEQ ID NO: 26),
SMERSMPL (SEQ ID NG: 273, ISSGLLSGRSDNH (SEQ 1D NO: 28),
AVGLLAPPGGLSGRSDNH (SEG 1D NO: 29), ISSGLLSSGGSGGSLSGRSDNH
(SEQ 1D NO: 30), LSGRSGNH (SEQ D NO: 31), SGRSANPRG (SEQ 1D NO: 323,
LSGRSDDH (SEQ ID NO: 33), LSGRSDIH (SEQ ID NO: 34), LSGRSDQH (SEQ
D NG 35), LSGRSDTH (SEQ 1D NO: 36), LSGRSDYH (SEQ 1D NG 37),
LSGRSDNP (SEQ ID NG: 38), LSGRSANE (SEQ ID NO: 39), LSGRSANI(SEQ
ID NG: 40y, LSGRSDNI (SEQ ID NG 41), MIAPVAYR (SEQ ID NG 42),
RPSPMWAY (SEQ ID NO: 43), WATPRPMR (SEQ D NO: 44), FRLLDWQW
(SEQ ID NO: 45), ISSGL (SEQ ID NO: 46), ISSGLLS (SEQ ID NG: 473, ISSGLL
(SEQ ID NO: 48), ISSGLLSGRSANPRG (SEQ ID NO: 49),
AVGLLAPPTSGRSANPRG (SEQ ID NO: 50), AVGLLAPPSGRSANPRG (SEGQG ID
NG 51y, ISSGLLSGRSDDH (8EQ 1D NO: 52}, ISSGLLSGRSDIH (8EQ ID NO:
53), ISSGLLSGRSDQH (SEQ ID NO: 543, ISSGLLSGRSDTH (SEQ ID NO: 55),
ISSGLLSGRSDYH (SEQ ID NO: 56), ISSGLLSGRSDNP (SEQ ID NO: 57},
ISSGLLSGRSANP (8EQ ID NO: 58), ISSGLLSGRSANI (SEQ 1D NO: 59),
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61,

64

AVGLLAPPGGLSGRSDDH (SEQ 1D NO: 60), AVGLLAPPGGLSGRSDIH (SEQ
ID NO: 61), AVGLLAPPGGLSGRSDQH (SEQ ID NG: 623,
AVGLLAPPGGLSGRSDTH (SEQ 1D NO: 63), AVGLLAPPGGLSGRSDYH (8EQ
ID NG 643, AVGLLAPPGGLSGRSDNP (SEQ ID NQ: 65),
AVGLLAPPGGLSGRSANP (SEQ ID NG 60), AVGLLAPPGGLSGRSANI (SEQ
ID NO: 673, ISSGLLSGRSDNI (SEQ 1D NO: 68), AVGLLAPPGGLSGRSDNI
(SEQ ID NO: 69), GLSGRSDNHGGAVGLLAPP (SEQ 1D NO: 703,
GLSGRSDNHGGVHMPLGFLGP (SEQ ID NO: 71),
LSGRSENHGGVHMPLGFLGP (SEQ ID NG: 72), ISSGLSS (SEQ ID NG: 73),
PYGYTSSL (SEQ 1D NO: 74), DWELYWPGT (SEQ 1D NO: 75), LKAAPRWA (SEQ
ID NO: 76), GPSHLVLT (SEQ ID NO: 77), LPGGLSPW (SEQ ID NO: 78),
MGLFSEAG (SEQ 1D NO: 79}, SPLPLRVP (SEQ [ NG: 80), RMHLRSLG (SEQ
ID NO: 81), LLAPSHRA (SEQ ID NO: 82), GPRSFGL (SEQ ID NO: 83), GPRSFG
(SEQ 13 NO: 84), SARGPSRW (8EQ ID NO: 83), GGWHTGRN (SEQ 13 NO: 8o),
HTGRSGAL (SEQ D NO: 87), AARGPAIH (SEQ ID NO: 88), RGPAFNPM (SEQ
I3 NG: 89), SSROGPAYL (SEQ 1D NG: 90), RGPATPIM (SEQ ID NO: 913, RGPA
(SEQ ID NO: 92), GGQPSGMWGW (SEQ ID NO: 93), FPRPLGITGL (SEQ ID
NG: 94), SPLTGRSG (SEQ ID NO: 93), SAGFSLPA (SEQ ID NO: 96),
LAPLGLQRR (SEQ 1D NO: 97}, SGGPLGVR (SEQ 1D NO: 98), PLGL (SEQ 1D
NO: 99), and SGRSDNI (SEQ ID NG: 100).

The ACC of item 60, wherein the CM1, the CM2, the UM3 and/or the CM4
comprises a sequence selected from the group consisting of! ISSGLLSGRSDNH
(SEQ ID NO: 28), LSGRSDDH (SEQ ID NO: 33), ISSGLLSGRSDOH (SEQ ID
NO: 543, SGRSDNI (SEQ ID NO: 100), and ISSGLLSGRSDNI (SEQ ID NO: 68).

2. The ACC of any one or combination of ttems 1-61, wherein the protease(s) is/are

produced by a tumor in a subject.

. The ACC of item 62, wherein the subject has been diagnosed or identified as having a

cancer.
The ACC of any one or combination of items 1-63, wherein the CP1 and the CM1

directly abut each other in the first monomer construct,
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68,

69.

70.

~a
iy

72.

». The ACC of any one or combination of items 1-04, wherein the CM1 and the DD/

directly abut each other in the first monomer construct.
The ACC of any one or combination of items 1-65, wherein the CP2 and the CM2

directly abut each other in the second monomer construct.

. The ACC of any one or combination of items 1-066, wherein the CM2 and the D2

directly abut each other in the second monomer construct.

The ACC of any one or combination of items 1-63, wherein the first monomer
construct comprises at least one linker,

The ACC of itern 68, wherein the at least one linker is a linker L1 disposed between
the PM1 and the CM3 and/or a linker L.2 disposed between the CM3 and the CP1.
The ACC of item 68, wherein the second monomer construct comprises at least one

{inker.

. The ACC of itern 70, wheretn the at least one linker is a linker L3 disposed between

the PM2 and the CM4 and/or a linker 1.4 disposed between the CM4 and the CP2.
The ACC of item 71, wherein the first monomer construct comprises a linker L1 and

the second monomer construct comprises a linker L3,

. The ACC of item 72, wherein L1 and L3 are the same.

. The ACC of item 71, wherein the first monomer construct comprises a linker L2 and

the second monomer construct comprises a linker L4,

». The ACC of item 74, wherein L2 and L4 are the same.

5. The ACC of any one or combination of items 68-75, wherein each linker has a total

length of 1 amino acid to about 15 amino acids.

. The ACC of itemn 76, wherein each linker has a total length of at least 5 amino acids.

. The ACC of item 08, wherein the first monomer construct comprises at least one

linker, wherein each linker is independently selected from the group consisting of
GSSGGSGGSGG (SEQ 1D NO: 210}, GGGS (SEQ ID NO: 2);, GGGSGGGS (SEQ
IDNG: 2113, GGGSGGGSGGES (SEQ ID NO: 212); GGGGSGGGGSGGGES
(SEQ I NO: 213); GGGGSGGGGSGEGEIGGHGSGHGHS (SEQ D NG 214);
GGGGSGGGGS (SEQ ID NG: 215), GGGGS (SEQ I NO: 216y, GS; GGGGRGS
(SEQ ID NO: 2173, GGGGSGGGGSGGGGSGS (SEQ D ND: 218);
GGSLDPRKGGGGS (SEQ ID NO: 219y, PKSCDRKTHTCPPCPAPELLG (SEQ ID
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80.

81

84.

&5,

NO: 2203, SKYGPPCPPCPAPEFLG (SEQ 1D NO: 221); GKSSGSGSESKS (SEQ
1D NO: 222);, GSTSGSGKSSEGKG (SEQ ID NO: 2233
GSTSGSGKESEGSGSTKG (SEQ 1D NO: 224y, GRTSGSGKPGSGEGRTKG (SEQ
ID NG: 225y, GETSGSGKPGSSEGST (SEQ ID NO: 226); (GSin, {GGS)n,
(GSGGSn (SEQ ID NO: 227), (GGGS)n (REQ 1D NO: 228), (GGGGS)n (SEQ ID
NO: 216), wherein each n is an integer of at least one; GGSG (SEQ 1D NO- 229},
GGSGG (SEQ ID NO: 230); GSGRG (SEQ ID NO: 231, GSGGG (SEQ I NO:
232, GGGSG (SEQ 1D NO: 233); GSSSG (SEQ D NO: 234,
GGGGSGGGGSGGGES (SEQ 1D NO: 213), GGGGSGGGGSGGGGIGGGES
(SEQ 1D NO: 214);, GSTSGSGKPGSSEGST (SEQ 1D NO: 226), SGGG (SEQ ID
NO: 3273, and SGGGG (SEQ 1D NG: 492).

. The ACC of item 78, wherein the linker comprises a sequence of GGGS (SEQ ID

NG 2).

The ACC of any one or combination of items 1-79, wherein the first monomer
construct comprises in a N- to C- terminal direction, the PM 1, the CM3, the CP1, the
CM1, and the DDI.

The ACC of any one or combination of items 1-79, wherein the first polypeptide
comprises in a C- to N-terminal direction, the PM1, the CM3, the CP1, the CM1,
andthe DD

. The ACC of any one or combination of items 1-81, wherein the second polypeptide

comprises in a N- to C-terminal direction, the CP2, CMZ2, and the DD2.

. The ACC of any one or combination of items 1-82, wherein the second polypeptide

comprises in a C- to N-terminal direction, the CP2, CM2, and the DD2.

The ACC of any one or combination of items 1-36, 38, 39, or 41-83, wherein the first
monomer construct and the second monomer construct are the same.

The ACC of any one or combination of items 1-79, wherein the first monomer
construct comprises in a N- to C- terminal direction, the PM 1, an optional linker, the
CM3, an optional linker, the CP1, the CM]1, and the DD, wherein the CP1 and the
CM1 directly abut each other, wherein the CM1 and the DD directly abut each other,
wherein the CM1 is a peptide of not more than 10 amino acids, wherein the second

monomer construct is the same as the first monomer construct, and wherein the first
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80.

o)
3

&8.

89.

91.

94.

9s.

96.

a7.

98.

and second monomer constructs are covalently bound to each other via at least two
disuifide bonds.
The ACC of item 85, wherein the DD and the DDZ are each a human F¢ domain

having an N-terminus at Cysteine 216, as numbered according to EU numbering,

. The ACC of item 85 or 86, wherein the CM1 is a peptide of not more than 7 aming

acids.

The ACC of any one or combination of item 85-87, wherein the CP1 and the CP2
comprise an amine acid sequence that is at least 90% identical to SEQ ID NO: 1.

The ACC of any one or combination of items 1-88, wherein the ACC is characterized
by having a reduced level of at least one CP1 and/or CP2 activity as compared to a

control level of at least one CP1 and/or CP2 activity.

. The ACC of item 89, wherein the at least one of the CP1 and the CP2 activity is a

tevel of proliferation of lymphoma cells.
The ACC of ttern 89, wheretn the at least one of the CPland the CP2 activity is the

level of JAK/STAT/ISGF3 pathway activation in a lymphoma cell.

. The ACC of item 89, wherein the at least one activity is a level of SEAP production

in a lymphoma cell.

. The ACC of itern 89, wheretn the ACC is characterized by at least a 2-fold reduction

in at least one of the CP1 and the CP2 activity as compared to the controd level.

The ACC of item 93, wherein the ACC is characterized by at least a 5-fold reduction
iy at least one CP1 and/or the CP2 activity as compared to the controf fevel.

The ACC of itermn 94, wheretn the ACC is characterized by at least a 10-fold reduction
in at least one activity of the CP1 and/or the CP2 as compared to the control level.
The ACC of item 95, wherein the ACC is characterized by at least a 500-fold
reduction in at least one CPI and/or the CP2 activity as compared to the control level,
The ACC of any one or combination of items 89-95, wherein the control level of the
at least one activity of the CP1 and/or the CP2, is the activity of the CP1 and/or the
CP2 in the ACC following exposure of the ACC to the protease(s).

The ACC of any one or combination of items 89-97, wherein the control level of the
at least one CP1 and/or CP2, is the corresponding CP1 and/or the CP2 activity of a
corresponding wildtype mature cytokine.
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99 The ACC of any one or combination of items 89-98, wherein the ACC is
characterized by generating a cleavage product following exposure to the protease(s),
wherein the cleavage product comprises the at least one activity of the CP1 and/or the
Cp2.

100, The ACC of item 99, wherein the at least one activity of the CP1 and/or the CP2
is anti-proliferation activity.

101, The ACC of itemy 100, wherein the conirol level is an EC30 value, and wherein
ratio of ECS0 (cleavage product) to ECS0 {control level) is less than about 10, or less
than about 9, or fess than about §, or less than about 7, or less than about 6, or less
than about 5, or less than about 4, or less than about 3, or less than about 2, or less
than about 1.5, or less than about 1.0

102, The ACC of any one or combination of items 1-101, wherein the first monomer
construct is characterized in that the CP1 and the DD are linked by a linking region
of no more than 18 arino acids such that the hinking region of no more than 18 amino
acids includes the CM3.

103, The ACC of any one or combination of items 1-102, wherein the second
monomer construct is characterized in that the CP2 and the DD2 are linked by a
linking region of no more than 18 amino acids such that the linking region of no more
than 18 amino acids includes the CM2,

104.  The ACC of any one or combination of items 1-103, wherein the PM1 comprises
less than 50 amino acids.

105, The ACC of any one or combination of items 2-104, wherein the PM2 comprises
less than 50 amino acids.

106.  The ACC of item 105, wherein each of PM1 and PM2 is less than 19 amino acids.

107.  The ACC of any one or combivation of iterns 1-103, wherein the PM1 isnota
latency associated peptide and the PM2 is not a latency associated peptide.

108, The ACC of any one or combination of items 1-103, wherein the PM1 s nota
receptor for a cytokine and the PM2 is not a receptor for a cytokine and/or does not

have an amino acid sequence that is at least 85% identical to a receptor for a cytokine.
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109, The ACC of any one or combination of items 1-103, wherein the PM1isnot a
fragment of a receptor for a cytokine and/or does not have an amino acid sequence
that is at least 85% identical to a receptor for a cytokine.

110, The ACC of any one or combination of items 1-103 and 109, wherein the PM2 is
not a fragment of a receptor for a cytokine,

111, The ACC of any one or combination of items 1-103, wherein the PM1 s not an
albumin and the PM2 i3 not an albumin,

112, A composition comprising an ACC of any one or a combination of items 1-111.

113, The composition of item 112, wherein the composition 1s a pharmaceutical
composition.

114, A container, vial, syringe, injector pen, or kit comprising at least one dose of the
composition of item 112 or 113,

115, A method of treating a subject in need thereof comprising administering to the
subject a therapeutically effective amount of the ACC of any one of items 1-960r the
composition of items 112 or 113,

116,  The method of item 115, wherein the subject bas been identified or diagnosed as
having a cancer.

117.  The method of item 116, wherein the cancer is a lymphoma.

118, The method of item 117, wherein the iymphoma is Burkitt’s lymphoma.

119, A nucleic acid encoding a polypeptide that comprises the CP1 and the CM1 of the
ACC of any one or a combination of ttems 1-111.

120, The nucleic acid of item 109, wherein the polypeptide further comprises the DD1
of avy one or combination of items 1-21 ot items 28-111,

121, A nucleic acid encoding a polypeptide that comprises the CP2 and the CM2 of the
ACC of any one or combination of items 1-111

122, The nucleic acid of item 111, wherein the polypeptide further comprises the DD2
of any one or combination of items 1-21 or items 28-111.

123, A vector comprising the nucleic acid of any one or a combination of items 119-
122

124, The vector of item 123, wherein the vector is an expression vector,
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125, A cell comprising the nucleic acid of any one or a combination of items 119-122
or the vector of item 123 or 124

126, A pair of nucleic acids that together encode a polypeptide that comprises the CP1
and the CM1 of the first monomer construct and a polypeptide that comprises the CP2
and the CM2 of the second monomer construct of any one or combination of items I~
1L

127. A pair of vectors that together comprise the pair of nucleic acids of item 126,

128 The pair of vectors of item 127, wherein the pair of vectors is a pair of expression
Vectors.

129, A cell comprising the pair of nucleic acids of item 126 or the pair of vectors of
items 127 or 128,

130, A method of producing an ACC comprising:

a. culturing a cell of item 125 or 129 in a liquid culture medium under conditions
sufficient to produce the ACC; and

b. recovering the ACC from the cell or the liquid culture medium.

131, The method of item 130, further comprising: isolating the ACC recovered from
the cell or the liquid culture medium.

132, The method of itemn 131, further comprising: formulating isolated ACC into a
pharmaceutical composition.

133, An ACC produced by the method of item 130,

134, A composition comprising an ACC of item 133,

135, The composition of item 134, wherein the composition is a pharmaceutical
composition.

136. A container, vial, syringe, injector pen, or kit comprising at least one dose of the
composition of item 134 or 135,

137, The ACC of any one or combination of items 89-101, wherein the at least one of
the CP1 and the CP2 activity is a binding affinity of the CP1 and/or the CP2 for its
cognate receptor as determined using surface plasmon resonance.

138, An activatable cytokine construct (ACC) comprising a first monomer construct

and a second monomer consiruct, wherein:

109



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

(a) the first monomer construct is a polypeptide comprising a first peptide mask (PM1}, a
first mature cytokine protein (CP1), a first and a third cleavable moieties (CM1 and
CM3), and a first dimerization domain (DD 1}

{b}) the second monomer construct 1s a polypeptide comprising a second peptide mask
(PM2), a second mature cytokine protein (CP2}, a second and a fourth cleavable
moieties (CM2 and CM4)}, and a second dimerization domain (DD2);

(c) the first monomer construct comprises, in an N~ o C- terminal direction, the PM1, the
CM3, the CP1, the CM1, and the DD, further wherein:

(i) the PMI1 comprises no more than 20 amino acids and binds to the CP1,

(i1} the CM1 and the DD1 directly abut each other,

(i1} the CP1 and the CM1 directly abut each other,

(iv) the CM1 comprises no more than 12 amine acids,

{v) the CM1 and the CM3 each functions as a substrate for a protease, and

{vi) the CP1 1s a mature woterferon;

(d) further wherein:

(i) the second monomer construct is the same as the first monomer construct,

(i1} the DD and the D2 are a pair of human {gG Fc domains;

(iit) the DD1 and the DD2 bind to cach other via at least one disulfide bond, thereby
forming a homodimer of the first monomer construct and the second monomer
consiruct; and

(&) the ACC ts characterized by having a reduced level of interferon activity as
compared to a corresponding wildtype interferon or a corresponding pegylated
interferon.

139, The ACC of item 138, wherein the CP1 is a mature interferon-alpha and the PM1
comprises a sequence that is at least 85% identical to SEQ ID NO: 323,

140, The ACC of item 138 or 139, wherein the CM1 and the CM3 each independently
functions as a substrate of urckinase (uPa) and/or a matrix metalloproteinase (MMP).

141, The ACC of item 140, wherein the CM1 and the UM3 each independently
functions as a substrate of urokinase (uPa) and/or MMP-14.

142, The ACC of any one or combination of items 138-141, wherein the mature

interferon is a mature human interferon alpha.
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143, The ACC of any one or combination of items 138-142, wherein the mature
interferon alpha is mature interferon alpha-2b.

144, The ACC of anvy one or combination of items 138-143, wherein the mature
interferon alpha is a tromcated form of a wildtype mature interferon alpha-2b.

145.  The ACC of any one or combination of items 138-144, wherein the mature
interferon comprises a sequence that is at least 95% identical to SEQ ID NO: 1.

146.  The ACC of any one or combination of items 138-145, wherein the mature
interferon comprises the sequence of SEQ 1D NG: |

147, The ACC of any one or combination of items 138-146, wherein the CM1 and the
CM3 each comprises no more than 8 amino acids.

148, The ACC of any one or combination of items 138-147, wherein the CM1 and the
CM3 are the same.
149, The ACC of any one or combination of items 138-148, wherein the CM1 and the
CM3 each comprises a sequence that is at feast 85% 1dentical to SEQ ID NGO 41,
150, The ACC of any one or combination of items 138-148, wherein the CM1 and the
M3 each comprises a sequence selected from the group consisting of SEQ 1D NG:
41, SEQ ID NGO: 68, and SEQ ID NO: 100

181, The ACC of any one or combination of items 138-150, wherein the DD and the
D2 are a pair of human Ig(G4 Fe domains.

152, The ACC of item 151, wherein the DD and the DDZ2 are a pair of human IgG4
Fc¢ domains truncated at N-terminus to Cysteine 226 as numbered by EU numbering.

183, The ACC of item 151 or 152, wherein the human IgG4 Fo domains comprise a
S228P mutation as numbered by EU numbering.

154, The ACC of any one or combination of items 138-153, wherein the DD1 and the
DD2 each comprises a sequence that i3 at least 95% identical to SEQ 1D NO: 3.

155,  The ACC of any one or combination of items 138-154, wherein the DD and the
DD2 each comprises the sequence of SEQ ID NO: 3.

156.  The ACC of any one or combination of items 138-155, wherein the first and
second monomer constructs are covalently bound to each other via at least two

disuifide bonds.
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1587, The ACC of item 156, wherein the first and second monomer constructs are
covalently bound to each other via at least three disuifide bonds.

158, The ACC of any one or combination of items 138-157, wherein:

the first monomer construct further comprises a first signal sequence at the N-terminus,
and the second monomer construct further comprises a second signal sequence at the
N-terminus.

159, The ACC of item 158, wherein the first and second signal sequences each
comprises a sequence that is at least 95% identical to SEQ ID NQO: 244

166, The ACC of item 159, wherein the first and second signal sequences each
comprises the sequence of SEQ ID NO: 244

161, The ACC of any one or combination of items 158-160, wherein:

the first monomer construct further comprises a first spacer positioned between the first
signal sequence and the PM1, and the second monomer construct further comprises a
second spacer positioned between the second signal sequence and the PM2.

162, The ACC of item 161, wherein the first and second spacers each comprises a
sequence that 13 at least 30% identical to SEQ ID NO: 256,

163, The ACC of item 162, wherein the first and second spacers each comprises a
sequence of SEQ ID NO: 256

164,  The ACC of any one or combination of items 138-163, further comprising a linker
L1 between the PM1 and the CM3, and/or a linker L2 between the CM3 and the CP1,
wherein each of L1 and L2 independently comprises a sequence that is at least 80%
identical to SEQ ID NG: 27 (wherein n=1), a sequence that is at least 80% identical to
SEQ ID NG 324, or is absent.

165,  The ACC of item 164, wherein the L1 comprises the sequence SEQ D NG: 27
{(wherein n=1) and 1.2 comprises the sequence of SEQ 113 NO: 324

166, The ACC of any one or combination of items 138-165 comprising a linking
region comprising no more than 12 amino acids.

167.  The ACC of item 166, wherein the linking region comprises 7 to 12 amino acids.

168,  The ACC of item 166, wherein the linking region comprises 7 amino acids.
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169, The ACC of any one or combination of items 138-168, wherein the ACC is
characterized by at least a 2000-fold reduction in interferon alpha activity as
compared to wildtype interferon alpha.

170, The ACC of item 169, wherein the ACC 1s characterized by at least a 4000-fold
reduction in interferon alpha activity as compared to wildtype interferon alpha.

171, The ACC of item 170, wherein the ACC is characterized by at east a 5000-fold
reduction in interferon alpha activity as compared to wildtype interferon alpha.

172, The ACC of any one or combination of items 138-168, wherein the ACC is
characterized by at least a 2000-fold reduction in interferon alpha activity as
compared to pegylated interferon alpha.

173, The ACC of any one or combination of items 138-172, wherein the reduction in
interferon activity is determined by comparing the EC50 of the ACC with the ECS0
of the wildtype interferon or the pegylated interferon in an anti-proliferation assay in
lyrophoma cells.

174, The ACC of any one or combination of items 138-173, wherein the reduction in
interferon activity is determined by comparing the ECS0 of the ACC with the ECS0
of the wildtype interferon or the pegylated interferon in an assay of induction of
secreted embryonic alkaline phosphatase production in interferon-responsive
HEK293 cells.

1

~3J
”»Jq

The ACC of any of tems 138-174, wherein the ACC is further characterized by
generating a cleavage product following exposure 1o the protease(s) for which M1
and CM3 function as a substrate, wherein the ratio of the interferon activity of the
corresponding wildtype interferon to the cleavage product is ess than about 2.

176.  The ACC of item 175, wherein the EC50 of the cleavage product is approximately
the sarve as the ECS0 of the corresponding wildtype interferon.

177, The ACC of item 138, wherein the first and second monomer constructs each
comprises a sequence that is at least 95% identical to SEQ ID NO: 321 or wherein
each of the first and second monomer constructs comprises the sequence of SEG 1D
NO: 321 or is identical to SEQ ID NO: 321, wherein the ACC is characterized by at
least a 1000-fold reduction in interferon activity as compared to wildtype interferon
alpha-2b, and wherein the ACC is further characterized by generating a cleavage
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product following exposure to uPA, wherein the cleavage product has approximately
the same interferon activity as wildtype interferon alpha-2b, wherein interferon
activity is measured in an anti-proliferation assay in lymphoma cells or in an assay of
induction of secreted embryonic alkaline phosphatase production in interferon-
responsive HEK293 celis.

178.  An activatable cytokine construct (ACC) comprising a first monomer construct
and a second monomer construct, wherein:

{a) the first monomer construct comprises a first peptide mask (PM1), a first mature
cytokine protein (CP1), a first and a third cleavable moieties (CM1 and CM3), and a
first dimerization domain (DD1);

{b) the second monomer construct 18 a polypeptide comprising a second peptide mask
(PM23, a second mature cytokine protein (CP2), a second and a fourth cleavable
moieties (CM2 and CM4), and a second dimerization domain (DD2);

{c) the first monomer construct is a polypeptide comprising, in an N- to C- termunal
direction, the PM1, the CM3, the CP1, the CM1, and the DI} further wherein:

(1) the PM1 comprises a sequence that is at least 5% identical to SEQ 1D NG: 323,

(i1} the CM1 and the DD1 directly abut each other,

(iit) the CM1 comprises a sequence that 15 at least 85% 1dentical to SEQ ID NO: 41,

and

{(iv) the CP1 comprises a sequence that is at least 85% identical to SEQ ID NO: 1,
{d) further wherein:

(i} the second monomer construct is the same as the first monomer construct,

(31) the DD 1 and DD2 are a pair of human IgG4 Fe domains;

(e} the D1 and the BD2 covalently bind to each other via at least one disulfide bond,
thereby forming a homodimer of the first monomer construct and the second
monomer construct; and

{(f) the ACC is characterized by having a reduced level of interferon alpha activity as
compared to the interferon alpha activity of PEGylated interferon alpha-2b.

179, The ACC of item 178, wherein the PM2 comprises a sequence that is at least

85%, 90%, or 95% identical to one of SEQ 1D NOs: 323, 331, or 332
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180,  The ACC of item 138, wherein the first and second monomer constructs each
comprises a sequence that is at least 95% identical to SEQ ID NG: 321 or wherein
each of the first and second monomer constructs comprises the sequence of SEQ ID
NG: 321 or is identical to SEQ ID NO: 321, wherein the ACC exiubits lower toxicity
in vive compared to either wildtype interferon alpha-2b or PEGylated interferon
alpha-2b.

181. A composition comprising the ACC of any one or combination of items 138-180.

182.  The composition of item 181, where the composition is a pharmaceutical
composition,

183, A container, vial, syringe, igjector pen, or kit comprising at least one dose of the
composition of item 181 or 182,

184, A method of treating a subject in need thereof comprising administering to the
subject a therapeutically effective amount of the ACC of any one or combination of
items 138-179 or the composition of item 181 or 182,

185, The method of item 184, wherein the subject has been identified or diagnosed as
having a cancer.

186. A nucleic acid encoding a polypeptide that comprises the first monomer of the
ACC of any one or combination of items 138-179,

187. A vector comprising the nucleic acid of item 186.

188,  The vector of item 187, wherein the vector is an expression vector,

189, A mammalian cell comprising the nucleic acid of item 186 or the vector of item
187 or 188,

190,  The mammalian cell of item 189, wherein the mammalian cell 15 an HEK293 cell
or a CHO ceil.

191, A method of manufacturing an ACC, the method comprising:
expressing the ACC in the mammalian cell of item 189 or 190; and
purifying the expressed ACC.

192, The ACC of any one or combination of items 138-180, wherein the CM1 and the
CM3 each functions as a substrate for a protease that is over-expressed in a tumor

tissue.
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193, The ACC of any one or combination of any preceding items, wherein PM1, PM2
or PM1 and PM2 comprises SEQ 1D NO: 323

194, The ACC of any one or combination of any preceding items, wherein PM1, PM2
or PM1 and PM2 comprises SEQ ID NG: 331

195, The ACC of any oue or combination of any preceding items, wherein PM1, PM2
or PM1 and PM2 comprises SEQ ID NO: 332,

196.  The ACC of any one or combination of any preceding items, wherein the CP1 and
the DD are linked by a linking region of no more than 15 amino acids such that the
hinking region of no more than 15 amino acids includes the CM3.

197.  The ACC of any oue or combination of any preceding items, wherein the second
monomer construct is characterized in that the CP2 and the DD2 are linked by a
linking region of no more than 15 amino acids such that the linking region of no more
than 15 amino acids includes the CM2.

198, The ACC of any one or combination of any preceding items, wherein the PM1,
the PM2, or the PM1 and the PM2 are not a latency associated peptide.

199, The ACC of any one or combination of any preceding items, wherein the PM1,
the PM2, or the PM1 and the PMZ are not a cytokine.

200, The ACC of any one or combination of any preceding items, wherein the PM1,
the PM2, or the PM1 and the PM2 are not a receptor for a cytokine and/or do not
have an amino acid sequence that is at least 85% identical to a receptor for a cytokine.

201, The ACC of any one or combination of any preceding ttems, wherein the PM1,
the PM2, or the PM1 and the PM2 are not a fragment of a receptor for a cytokine.

202, The ACC of any one or combination of any preceding items, wherein the PMI,
the PM2Z, or the PM1 and the PM2 are not an albumin.

203.  The ACC of any one or combination of any preceding items, wherein the PM1,
the PM2, or the PM1 and the PM2 are less than 50, 45, 40, 35, 30, 25, 20, 15, or 10
amino acids.

204.  The ACC of any one or combination of the preceding items, wherein the ACC is

characterized in that it has at least one of the following characteristics:
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(1)

(i)

(itf)
(iv)
(v

(ix)

)

a structural arrangement in an N- to C-terminal direction comprising:
PMI-CM3-CPI-CM1-DD1 and CP2-CM2-DD2, wherein DD and DD2
are dimerized,

a structural arrangement in an N- to C~terminal direction comprising:
PM1-CM3-CPT-CMI-DD1 and PM2-CM4-CP2-CM2-DD2, wherein D1
and DD?2 are dimerized;

wherein each of PM1 and PMZ is fess than 40 amino acids;

wherein each of PM1 and PM?2 is not a receptor for the CP1 and the CPZ;
wherein each of PM1 and PM2 does uvot have an amino acid sequence that
is at feast 85% identical to a recepior for a cytoking;

wherein each of PM1 and PM2 is not a fragment of receptor for the CP1
and the CP2;

wherein each of PM1 and PMZ is between 13 and 49 amino acids;
wherein the first monorer construct is characterized in that the CP1 and
the DD1 are linked by a linking region of no more than 18 amino acids
such that the linking region of no more than 18 amino acids includes the
CM3:

when the ACC has an orientation of N-PM-CM1-CP-CM2-DD-C, then the
entire span of amino acids from the N-terminus of the ACC to the N-
terminal amino actd of the cytokine is 17 to 71 amino acids in length, and
when the ACC has an orientation of N-DD-CM1-CP-CM2-PM-C, then the
entire span of amino acids from the C-terminus of the ACC to the C-
terminal amino acid of the cytokine 1s 17 to 71 amino acids in length;
and/or

wherein the second monomer construct is characterized in that the CP2
and the DD2 are linked by a linking region of no more than 18 amino
actds such that the linking region of no more than 18 amino acids includes

the CM2.

The ACC of any one or combination of any preceding ttems, wherein the first

monomer construct has only one peptide mask.
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206.  The ACC of any one or combination of any preceding items, wherein the second
monomer construct has only one peptide mask.

207.  The ACC of any one or combination of any preceding iters, wherein the first
monomer construct has only one peptide mask and the second monomer construct has
only one peptide mask.

208. A method of attenuating [P-10 release in a subject in need thereof comprising
administering the ACC of any one or combination of any preceding items.

EXAMPLES

The invention is further described 1o the following exaroples, which do not Hmit
the scope of the invention described in the claims.

Example 1: fn vifro characterization of example cytokine constructs

An activatable cytokine construct ProC440 was prepared by recombinant
methods. The 1st and 2nd monomer constructs of the ProC440 were identical, with each
being a polypeptide baving the amino acid sequence of SEQ ID NG: 316 and a signal
sequence at its N-terminus. Each of the st and 2nd monomer constructs comprises, from
N-terminus to C-terminus, a signal sequence {(e.g., SEQ 1D NO: 244), a mature cytokine
protein that corresponds to human interferon alpha-2b (SEQ ID NO: 1}, a cleavable
moiety having the amino acid sequence of SEQ ID NO: 100, and a dimerization domain
corresponding to human Ig(G4 Fe, truncated at Cys226 {(according to EU numbering) and
including an 8228P mutation (SEQ ID NG: 3).

The polypeptide was prepared by transforming a host cell with a polynucleotide
having the sequence of SEQ ID NO: 316, followed by cultivation of the resulting
recombinant host cells. Dimerization of the resulting expressed polypeptides vielded the
cytokine construct ProC440.

The activity of ProC440 was tested in vitro using IFN-responsive HEK 293 cells
and Daudi cells. See Figs. 7A and 7B, respectively.

FN-responsive HEK293 cells were generated by stable transfection with the
human STATZ and IRF9 genes to obtain a fully active type | IFN signaling pathway.
The cells also feature an inducible SEAP {secreted embryonic alkaline phosphatase)
reporter gene under the control of the IFNo/[} inducible ISG54 promoter. To maintain

transgene expression, cells were cultured in DMEM GlutaMax media supplemented with
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10% FBS, Pen/Strep, 30 pg/mb of blasticidin, 100 pg/ml of zeocin and 100 pg/mb of
normocin. The addition of type TIFN to these cells activates the JAK/STAT/ISGF3
pathway and subsequently induces the production of SEAP which can be readily assessed
in the supernatant using Quanti-Blue solution, a colorimetric detection for alkaline
phosphatase activity.

The Daudi cell is a cell line of human B-cell lymphoblastic origin. Daudi cells
were prepared at a concentration of 2x10S cells/rul. in RPMI-1640 media supplemented
with 10% ¥FBS and 50 L aliquots were pipetted into wells of a white flat-bottom 96-well
plate (10K/well). The tested ProC440 or controls were diluted 1o RPMI 1640 media
supplemented with 10% FBS. Duplicate five-fold serial dilutions were generated from
which 50 pul. was added to the each well. After 3 days of incubation at 37 °C, a viability
kit was used to measure the levels of intracellular ATP as an indirect estimate of the
number of viable cells remaining. 100 ub of cell-titer go was directly added to the plates
which were then placed oo an orbital shaker for 10 munutes. Following this incabation,
the luminescent signal was directly measured using an Envision plate reader. Dose-
response curves were generated and ECS0 values were obtained by sigmotdal it non-
linear regression using Graph Pad Prism software.

In both of the assays using HEK293 cells and Daudi cells, the activity of ProC440
was reduced at least 1,000X as compared to Stem Cell IFNa-2b (human recombinant
IFN-alphalb, available from StemCell Technologies, Catalog #78077.1) (Figs. 7A and
7B}, This indicates that the fusion of a cleavable dimerization domain corresponding to
human 1gG Fe provided steric masking to IFNa-2b in the ProC440 construct. Protease
activation with uPa restored activity to a level comparable to the recombinant cytokine.
EC50 values for ProC440, ProC440 + uPA, and Stem Cell [FNo-2b were computed from
the IFNo/B assay results and are provided below in Table 3.

Table 3. EC50: IFNo/B Reporter Assay

ProC440 ProC440 +uyPA Stem Cell IFNu-2b
EC30 7643 4333 10.88

EC350 values for ProC440, ProC440 + uPA, and Stem Cell IFN@-2b were computed from

the Daudi apoptosis assay results and are provided below in Table 4.
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Table 4. ECS50: Daudi Apoptosis Assay

ProC440 ProC440 + uPA Stem Cell IFNg-2b

ECS0 264.2 0.1842 0.3530

Cleavage with uPa at the expected site in the cleavable moiety was confirmed by
electrophoresis and Mass spectrometry analysis (Figs. 6A and 6B). The results suggest
that the uPa protease was effective at cleaving the cleavable moieties in the ProC440
activatable cytokine construct. In addition to sensitivity to uPa activation, ProC440 was
cleaved by MMP14 (Figs. 6A to 6C). Fig. 6A depicis the gel electrophoresis results; the
left column shows ProC440 that has not been exposed to protease, the middle column
shows ProC440 exposed to protease uPA, and the far right column shows Pro(C440
exposed to MMP 14, Analysis by Mass spectrometry identified an MMP 14 cleavage site
at the C-terminal extremity of IFNa-2b, near the cleavable moiety (Fig. 6B). Protease
activation with MMP 14 also restored activity to a level comparable to the recombinant
cytokine {(Fig. 6C). The data indicate that ProC440 recovered fill activity after cleavage
of intrinsic and engineered cleavable moieties by proteases such as uPa or MMP 14,

Activatable cytokine construct ProC732 was prepared by recombinant methods.
The 1™ and 2° monomer constructs of this ACC were identical, with each being a
polypeptide having the amino acid sequence shown in Fig. 8 (SEQ 1D NO: 321 with an
exemplary optional signal sequence). Each of the 1% and 2™ monomer constructs
comprises, from N-terminus to C-terminus, a signal sequence, a spacer {Q8GQ)
sequence, an IFNg-2b masking peptide {SEQ 1D NGO 323), a linker (SEQ ID N(:324), a
cleavable moiety having the amino acid sequence of SEQ 1D NO: 41 (LSGRSENI), a
linker (SEQ 1D NO: 227, wherein n=1), a mature cytokine protein that corresponds to
human interferon alpha-2b (SEQ 1 NO:1), a cleavable moiety having the amino acid
sequence of SEQ 1D NG: 41, and a DD corresponding to human IgG4 S228P Fe,
truncated to Cys226 (according to EU numbering} (SEQ ID NG:3).

Another activatable cytokine construct, ProC733, was prepared by recombinant
methods. The 1% and 2°¢ monomer constructs of this ACC were identical, with each
being a polypeptide having the amino acid sequence shown in Fig. 9 (SEQ 1D NO: 322
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with an exemplary optional signal sequence). Each of the 1% and 2™ monomer constructs
comprises, from N-terminus to C-terminus, a signal sequence, a spacer {e.g., OSGQ)
sequence, an IFNo-2b masking peptide (SEQ 1D KO: 323), a linker (SEQ 1D NG: 324}, a
cleavable moiety having the amino acid sequence of SEQ 1D NO: 41, a linker (SEQ D
NG: 227, wherein n=1}, a mature cytokine protein that corresponds to human interferon
alpha-2b (SEQ ID NO:1), and a DD corresponding to human 1gG4 S228P Fc, including
the full hinge sequence (SEQ ID NO: 4). Because the ProC733 construct lacks a
cleavable motety between the cytokine sequence and the DD, it is only partially
activatable, as discussed below.

The masked cytokine constructs ProC732 and ProC733 were prepared by
transforming a host cell with polynuclectides encoding the sequence of SEQ ID NOs:
321 and 322, respectively, followed by cultivation of the resulting recombinant host cells,
Dimerization of the resulting expressed polypeptides vielded the cytokine constructs
ProC732 and ProC733, respectively.

The activity of ProC732, ProC’733 and ProC440 was tested i vifro using IFN-
responsive HEK 293 cells as previously described. The activity of ProCC732 and ProC733
was further reduced as compared to ProC440 (Figs. 10A-10C). This indicates that the
addition of a peptide mask provided additional masking strength even though the
cytokine activity was already significantly reduced in ProC440 by steric masking through
the dimerization domains. Surprisingly, it appears that the addition of a masking peptide
{PM} does not interfere with steric masking by the DD, nor does the DD appear to
interfere with masking by the PM. Protease activation with uPa restored the activity of
ProC732 to a level comparable to the level of ProC440 after protease activation with uPa.
This tndicates that ProC732, upon protease activation, recovered the full strength of
activity of an unmasked IFNo-2b.

ProC733 contains an affinity peptide mask attached to IFNalpha-2b via a
cleavable moiety, with the C-terminus of IFNw-2b fused directly to human IgG Fe
{without a cleavable moiety interposed between the cyiokine and the Fc region). Protease
activation with uPa restored the activity of ProC733 to a level comparable to the level of
unactivated ProC440. This further indicates that in addition to the steric masking
provided by the cleavable hurnan IgG Fe, or constraint by IFNo-2b dimerization, a
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cleavable affinity peptide mask provides additional masking strength to IFNa-2b. ECS0
values for ProC440, ProC440 + uPa, ProC732, ProC732 + uPa, ProC733, and ProC733 +
uPa were computed from the IFNo/P assay results and are provided below in Table S

Table 5. EC50: [FNo/B Reporter Assay

ProC440 | ProC440 + | ProC732 ProC732 + | Pro733 ProC733 +
uPA uPA uPA

EC

4

0 10.6344 0.0004 40.69 0.0005 21.83 0.2977

The masking efficiencies of ACCs in a HEK reporter assay (as roeasured by
comparing the EC50 of the uncleaved ACC to the ECS0 of the cleaved ACC) were as
follows:

ProC440: 1358X
ProC732: 7380X
ProC733: 60X

o

Thus, high levels of masking efficiency (e.g., > 5,000x) can be achieved in ACCs
that include both a peptide mask and steric masking through dimerization domains as
shown, for example, in Fig. 10C.

As shown in Figs. 42A-42D, each of the peptide masks (Fig. 42A {(no peptide
mask} vs. Fig. 42B (peptide masked}} and the Fo masks (Fig. 42C (no Fc mask) vs. 42D
(Fc masked)) affect binding of the ACC to the receptor. In view of the data, synergistic
activity has been obtained through the use of the dual masking structure of the ACCs of
the present disclosure. The activity of recombinant IFNa2b, monomeric IFNa2b/Fe,
activated homodimeric IFNaZb/Fe, and homodimeric IFNa2b/Fe was tesied i# vitro using
iFN-responsive HEK293 cells as previously described. Recombinant IFNa2b,
monomeric IFNa2b/Fe, activated bomodimeric IFNa2b/Fe, and homodimeric IFNaZb/Fe
were prepared as described above. The activity of homodimeric IFNaZb/Fe was
substantially reduced compared to recombinant IFNa2b, but was rescued by protease
activation 1o a level commensurate with recombinant IFNa2b (Fig. 31). Fig 31 also
shows that monomeric IFNa2b/Fe exhibited activity at an approximate midpoint between

the activity observed for activated and unactivated homodimeric IFNa2b/Fce,
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Additionally, ProC440 shows substantially reduced acitivty compared to uPA
treated ProC440 (Fig. 35A). The same molecule, but with a NSUB substrate has restored
activity in response to MMP indicating the presence of a cryptic cleavage site (Fig. 35A).
The activity of both ProC732 and ProC1299 {deletion of L161) was rescued by uPA (Fig.
35B). Deletion of L161 (in the MMP 14 cleavage site) prevents activation of ProC1301
(NSUB substrate) even in the presence of MMP14 or uPA (Fig. 35C).

Example 2: In vive tolerability of cytokine constructs

Human IFNo-2b cross-reacts with hamster IFNo receptor and has been previously
shown to be active in hamster {Altrock et al, Journal of Interferon Research, 1986). To
assess the tolerability of IFNa-2b-containing cytokine constructs, Syrian Gold Hamsters
were dosed with a starting dose of 0.4 mg/kg. Animals received one dose of test article
and kept on study up to 7 days post dose, unless non-tolerated toxicities were identified.
The starting dose (0.4mpk) represents an equivalent dose of IFNa-con {(recombinant
interferon alpha, a non-naturally occurring type-l interferon manufactured by Amgen
under the name Infergen®) expecied to induce body weight lost, decreased food
consumption and bone marrow suppression in a hamster (125gr). It the starting dose was
tolerated, animals were moved up to a “medium dose” of 2 mg/kg and received three
doses of test article unless not tolerated. If tolerated, animals were moved up to a “high
dose” of 10 mg/kg and received three doses of test article unless not tolerated. If
tolerated, animals were moved up to a “higher dose” of 15 mg/kg. At each stage, if the
test dose was not tolerated, the animal was moved down to the next lower dose. If the
starting dose was not tolerated, the animal was moved down 1o a “lower dose” of 0.08
mg/kg. Animals were also dosed with the unmasked IFNo-2b Fe fusion constructs
ProC286. As a negative control, animals were dosed with a human IgG4.

ProC286 (ChigG4 SAA 1204DNIdL IFNa2Zb) was also prepared by recombinant
methods. The 1% and 2 monomer constructs were identical, with each being a
polypeptide having the arino acid sequence of SEQ ID NG: 326 and a signal sequence at
its N-terminus. Each of the 1™ and 2™ monomer constructs comprises, from N-terminus
to C-terminus, a signal sequence, a DD corresponding to human 1gG4 8228P Fe
tncluding the ESKYGPP (SEQ 1D NO: 3173 hinge sequence (SEQ 1D NG:4), a linker
(SEQ 1D NO:3273, a cleavable moiety having the amino acid sequence of SEQ ID
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NG:100, a linker (SEQ ID NO: 228}, and a mature cytokine protein that corresponds to
human interferon alpha-2b (SEQ ID NG: 1)

ProC291 (NhigG4 SAA 1204DNIdL IFNa2b) was also prepared by recombinant
methods. The 1% and 2°¢ monomer constructs were identical, with each being a
polypeptide having the amino acid sequence of SEQ 1D NO: 496 and a signal sequence at
its N-terminus. Fach of the 1% and 2™ monomer constructs comprises, from N-terminus
to C-terminus, a signal sequence, a mature cytokine protein that corresponds to human
interferon alpha-2b (SEQ ID NO: 1}, a linker (SEG D NO: 492}, a CM (SEQ ID NO:
100}, a linker (GGGS), and a human [gG4 Fo regiov including the ESKYGPP (SEQ 1D
NG 317) hinge sequence {SEQ ID NO: 4).

The activity of ProC286 and ProC291 were compared to the activity of Sylatron®
(PEG-IFN-alpha2?b) in the Daudi apoptosis assay (Figs. 11A-11B}. n this assay,
ProC286 and Sylatron® show similar levels of activity as shown in Fig. 11A. This
indicates that ProC286 has suular activity to commercially-available pegyvlated IFN-
alpha?b, and could be used as surrogate Sylatron control to evaluate the tolerability of
IFNo-2b in the hamster study. ProC291 showed reduced activity compared to ProC236
and Sylatron®, indictating that the structural orientation of the IFN N-terminal to the Fe
was important for reduction in activity. That is, when the DD is a pair of Fe domains,
positioning the cytokine N-terminal to the DD (as in ProC291) may provide greater
reduction of cytokine activity than when the cytokine is positioned C-terminal to the DD
{as in ProC286).

Animal were dosed on dav 1 with the indicated doses on Figs. 13A-13C. Animals
were kept on study for one week, unless a non-tolerated dose (DLT) was reached.
Clinical observations, body weights & temperature were measured prior to dosing, and at
6h, 24h, 72k, 7d post-dose for each animal. Blood samples for Hematology and
Chemistry analysis were collected at 72h, 7d post-dose for each animal. Hematology and
blood smear, differential white blood cell count, hematoerit, hemoglobin, mean
corpuscitiar hemoglobin, mean corpuscular volume, platelet count, red blood cell
{erythrocyte) count, red blood cell distribution width, reticulocyte count and white blood
cell {leukocyte) count were evaluated. The clinical chemistry panel included
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measurement of alanine aminotransferase, albumin, albumin/globulin ratio, alkaline
phosphatase, aspartate aminotransferase, calcium, chloride, cholesterol, creatine kinase,
creatine, gamma ghatamytransferase, globulin, glucose, inorganic phosphorus, potassium,
sodium, total bilirabin, total protein, triglycerides, urea, nitrogen, and C-reactive protein.
The evidence of toxicities in the tolerability study are summarized in Figs. 13A-13C, 14,
and 15.

Gverall, animals dosed with the ProC286 constructs showed on average S % body
weight loss when dosed at 2mpk (i.e., 2 mg/kg), and 15% body weight loss when dosed at
0mpk and 15mpk Figs. 13A-130). Oue animal dosed with ProC286 at 15mpk showed
20% body weight loss at 7 days post-dose {end of study). This is considered a non-
tolerated dose. In contrast, animals dosed with ProC440 and ProC732 at 2mpk and
10mpk did not show body weight {oss (Figs. 13A-13B). Animals dosed with ProC440 at
1Smpk showed on average 5% body weight loss (Figs. 13A-13C). Animals dosed with
ProC732 at 15mpk showed no body weight loss (Fig. 13C). This indicates that the
masking of IFNw-2b to its receptor in the context of ProC440 limits IFNa-2b mediated
bodyweight loss. Animals dosed with unmasked IFNa2b/Fe at 15mpk showed elevated
ALP {and increased ALP detected at 0.4 mpk) compared to animals dosed with masked
and dual masked IFNa2b/Fc. The resulis indicate that the masked [FNaZb/Fc is well
tolerated up o 15 mg/kg in the hamster toxicity wodel.

Without wishing to be bound by theory, it is believed that positioning the
interferon N-terminal of the DD and using a relatively short LR inhibits cytokine activity
in the context of ProC440, reducing the toxicity of the interferon tn comparison to
PEGylated IFNo-2b (Sylatron®} or ProC286. Unexpectedly, the addition of a peptide
affinity mask at the N-terminus of the cytokine in the context of ProC732 fully abrogates
iFNa-2b mediated bodvweight lost at a dose of at feast 15mpk. The use of both a
cleavable peptide mask and a cleavable dimerization domain thus lowers toxicity and
allows dosing at higher levels, potentially resulting in an iroproved therapeutic window
for this cytokine therapeutic.

o terms of clinical chemistry, animals dosed with ProC286 showed sigunificant
elevation of Alkaline Phosphatase (ALP) at all doses (0 4mpk, 2mipk, 10mpk and
15mpk), 7 days post-dose {end of study) (Fig. 14). No significant increase of ALP was
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measured when animals were dosed with 10mpk or 153mpk of ProC440 or ProC732 (Fig.
14). Elevation of ALT is a marker of liver toxicity. IFNo-2b bas been shown to induce
hiver toxicities. This indicates that the masking of IFNw-2b from binding to its receptor
in the context of ProC440 and ProC732 limit IFNa-2b mediated liver toxicities.

In terms of hematology, 3 days post-dose and 7 days post-dose {end of study},
animals dosed with ProC286 at 2mpk, 10mpk and 15mpk showed significant reduction
tevel of Reticulocyte count, Neutrophyle count and White Blood Cells (WBC) count (Fig.
15). These reductions are reminiscent of IFNa-2b mediated bone-marrow toxicities.
Three days post-dose, animals dosed with ProC440 and ProC732 showed reduction level
of Reticulocyte count, Neutrophyle count and White Blood Cells (WBC) count (Fig. 15).
Overall, the reduction level of hematopoietic cells observed in animals dosed with
ProC440 and ProC732 is not as significant as the reduction levels observed in animals
dosed with ProC286. At 7 days post-dose {(end of study), in animals dosed with ProC732
and ProCC440, the overall level of Reticulocyte count, Neutrophyle count and White
Blood Cells {WBC) count 1s back to normal levels, or to a similar level that what
observed in animals dosed with the negative control Ig(G4 (Fig. 15} In animals dosed
with ProC2806, the level of Reticulocyte count, Neutrophyle count and White Blood Cells
{(WBC) count remains low. This indicates that the masking of IFNa-2b to its receptor in
the context of ProC440 and ProC732 lunit IFNa-2b mediated bone marrow toxicities,
Example 3. In vifre anti-preliferative effect of cytokine constructs with linkers of
varicus lengths on cancer cells

The anti-proliferative effects of IFNa-2b-higG4 Fe fusion constructs with varying
linker lengths or without a linker between the IFNa-Zb and the hlgG4 Fc were tested in
vifro using Daudi cells. The test was performed using the Daudi cell assay described in
Example 1.

The fuston proteins tested in this experiment include, in an N- to C-terminal
direction, the mature [FNalpha-2b cytokine sequence, an optional linker and/or cleavable
moiety, and the Fe domain of human 1gG4 of SEQ ID NG 4 (including the full hinge
region such that the N-terminus of the Fc sequence begins with the amino acid sequence
ESKYGPPCPPC. ) {SEQ ID NG: 500) (first eleven amino acids of SEQ I3 NG:4). The
ESKYGPP (S8EQ D NO: 317; first seven amino acids of SEQ D NG:4) sequence
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contributes 7 amino acids to the “linking region” of these constructs. The first construct
(Linking Regton = 7} construct has no linker or cleavable moiety; its sequence in the N-
to C-terminal direction consists of SEQ D NG: 1 fused to SEQ ID NG 4. The second
construct (Linking Region = 12) construct has a § amino acid linker SGGGG (SEQ ID
NO: 492) and no CM; its sequence in the N~ to C-terminal direction consists of SEQ D
NG: 1 fused to SEQ D NO- 497 fused to SEQ 1D NO: 4. The third construct (Linking
Region = 18) includes a 7 arvino acid CM (SGRSDNI) (SEQ ID NO: 100) and a 4 amino
actd linker GGGS (SEQ 1D NG: 228); its sequence in the N- to C-terminal direction
consists of SEQ 1D NO: 1 fused to SEQ ID NG: 100 fused to SEQ 1D NO: 2 fused to
SEQ ID NO: 4. The fourth construct (Linking Region = 23) includes a 5 amino acid
linker, a 7 amino acid CM, and a 4 amino acid linker; its sequence in the N- to C-terminal
direction consists of SEQ 1D NO: 1 fused to SEQ 1D NO: 492 fused to SEQ {D NO: 100
fused to SEQ ID NO: 2 fused to SEQ ID NO: 4. The fifth construct (Linking Region =
24y includes a 13 amino acid CM (ISSGLLSGRSDND (SEQ ID NO: 68) and a 4 amino
acid linker; its sequence in the N- to C-terminal direction consists of SEQ D NO: 1 fused
to SEQ ID NG: 68 fused to SEQ ID NG: 2 fused to SEQ 1D NO: 4.

Fig. 16 shows the activities of the above ACCs in Daudi cells. The ACCs tested
in this example did not have a peptide affinity mask attached thereto. The data indicates
that the length of the flexible linkers and the length of the Linking Region (LR) between
the cvtokine and the Fc domain had an impact on the activity of the (uncleaved) ACCs.
Constructs with zero linkers, or short linkers, and a correspondingly short LR display
reduced cytokine activity, whereas contructs with longer linkers and thus a longer LR
have a higher level of cytokine activity.

Example 4. fr vifre characterization of additional activatable cytokine constructs

Additional activatable cvtoking consiructs without a peptide mask were also
prepared by recombinant methods. The 1% and 2™ monomer constructs of these ACCs
were identical. Each of the 1% and 2™ monomer constructs comprises, from N-terminus to
C-terminus, a signal sequence, a mature cytokine protein that corresponds to human
interferon alpha-2b (SEQ ID NO: 1}, a cleavable motety {CM) having the amino acid
sequence of SEQ 1D NG 100 (SGRSDNI), and a dimerization domain corresponding to
human 1g(G4 S228P Fc (comprising SEQ 1D NO: 3} In addition, these ACCs include or
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not a linker having the amino acid sequence SGGGG (SEQ D NO: 492) between the CP

and the CM. These ACCs include or not a linker having the amino acid sequence GGGS

{SEQ I3 N 228) between the CM and DD, These ACCs also contain or not portions of

the hinge of the DD that are N-terminal to Cysteine 226 (by EU numbering). These

additional activable cytokines constructs are described in Table 6.

Table 6: Activable cytokines having different lengths of the linking region

Linker Linker Fc Hinge | Linking
hetween CP | between UM | N-terminal | Region
Name Alternative Name and CM and DD residues Length
SGGGG 12
IFNa2b 1204DNI OAA (SEGQ ID
Pro(C2838 | Fc N 492) absent absent
SGGGG 15
IFNaZb 1204DNI3AA (SEGQ ID
ProC289 | Fe NO: 492) absent GPp
ESKYGPP 19
{(SEQ ID
NO: 317
{first seven
SGGGG amino acids
IFNaZb 1204DNI TAA {(SEQID of SEQ ID
ProC290 | Fe NQO: 492} absent N4
ESKYGPP 23
{(SEQ D
NO: 317
{first seven
SGGGG amino acids
IFNa2b 1204DN{ (SEGQID GGGS (SEQ | of SEQID
ProC291 | 11AA Fc N 492) ID NG 2) NO:4)
N IFNaZb 0 7
ProC440 | 1204DNIdL 0AA Fe absent absent absent
N [FNa2b § 10
ProC441 | 1204DNIdL 3AA Fo absent absent GPP
ESKYGPP 14
{(SEQ ID
NG 317
{first seven
amino acids
W IFNa2b 0 of SEQ D
ProC442 | 1204DNEdL 7TAA Fe absent absent NO:4)
ESKYGPP 18
N IFNaZb 0 GOGS (SEQ (SEQ ID
ProC443 | 1204DNIdL 11AA Fo absent IDNO: 2y NG:317)
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{first seven
amino acids
of SEQ 1D
NG:4)

The activity of ProC440, an ACC with no flexible linkers and an 1g(G4 Fc region

truncated to Cys226 (1.e., comprising a linking region of 7 amino acids), and the activity
of additional ACCs containing various flexible linkers and F¢ region sequences (i.e,,
comprising linking regions having more than 7 amino acids) was tested i vifro using

5 IFN-responsive HEK293 cells and Daudi cells as previcusly described. In both assays,
the activity {e.g., anti-proliferative effects) of ProC440 was reduced as compared to all
other ACCs with longer linking regions, which coutain various additional sequences
between the cytokine and the first amino acid that binds the DD to the corresponding
second monomer (Z.e., Cys226 of IgG4 by EU numbering). ECS0 values for the ACCs

19 were computed from the IFNa/B assay results and are provided below in Table 7.

Tabie 7. EC50: IFNw/B Reporter Assay

Pro Pro Pro Pro Pro Pro Pro Pro
{288 289 290 {2981 440 Cd41 442 443

3

EC50 | 3434 17.93 10.33 8.74: 41.37 6.28 6.037 1.687

19

ECS50 values for the ACCs were computed from the Daudi apoptosis assay results and are

provided below in Table 8.

Table 8 ECS50: Daudi Apoptosis Assay

Pro Pro Pro Pro Pro Pro Pro Pro
"288 {289 {290 291 CA40 C441 CA42 (443

EC50 | 1128 64.55 23.04 13.39 2078 105

3

642.9 478

15
The data in Tables 7-8 also shows that the activity of the {uncleaved) ACCs could
be modulated by varying the length of the Linking Region.
The ACCs tested in this Example 4 do not comprise a peptide mask. Based on the
experimental results reported herein comparing ProC440 with ProC732, the activity of
20 the uncleaved ACCs may be turther decreased by adding a cleavable moiety and peptide

mask to the N-terminus of the cytokine construct. Likewise, based on the data herein
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comparing ProC440 and ProC732Z, ACCs further comprising a CM and a PM at the N-
terminus may have increased masking efficiency compared to ACCs that do not comprise
a PM.

Example 5. Universal cytokine constructs

A universal activatable cytokine construct was prepared by recombinant methods
described herein. The universal ACC has a universal interferon sequence (ProC859)
having activity on both human and mouse cells as shown in Fig. 17. The universal ACC
is a dimer. The 1 and 2™ monomer constructs of this ACC were identical, with each
being a polypeptide baving the amino acid sequence of SEQ ID NG: 480 with a signal
sequence at its N-terminus. Each of the 1% and 2™ monomer constructs comprises, from
N-terminus to C-terminus, a signal sequence, a mature cytokine protein that corresponds
to a universal interferon molecule that is a hybrid of IFN alpha 1 and IFN alpha Za (SEQ
ID NO: 481), a cleavable moiety having the amino acid sequence of SEQ ID NO: 100,
and a dimerization domain corresponding to human IgG Fo (SEQ 1D NG: 3).

The activity of the universal cytokine construct was tested iz vifro using IFN-
responsive HEK293 cells and B16 mouse melanoma cells. The activity of ProC859 was
reduced at least 150X as compared to mouse [FNad. Protease activation with uPa
restored activity to a level that is comparable to mouse IFNa4 as shown in Fig. 17
{bottom panel). ECS50 values for ACC ProC859, ACC ProC859 + uPA, and mouse
IFNod were computed from the assay results and are provided in Fig. 17 (bottom panel).

ECSO: B16 IFNa/B Reporter Assay

ProC859 (ACC) ProCBS9 (ACCH + FiNad
uPA

EC50 293.7 1.951 1.966

An ACC with universal 1FN and a peptide mask according to the present
disclosure may be prepared by recombinant methods described herein. The peptide
masks are coupled to the universal interferon to further reduce the cytokine activity of the
ACC compared to ProC859. The 1™ and 2™ monomer constructs of this ACC are
identical, with each being a polypeptide having the amino acid sequence. Each of the 1%
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and 2° monomer constructs comprises, from N-terminus to C-terminus, a signal
sequence (for example, one of SEQ D NOs: 242-244), a masking peptide (e.g., any one
PM selected from the group consisting of SE(Q} ID NOs: 323, 328-479}, an optional linker
{e.g., any one selected from SEQ ID NG:2, or SEQ ID Nos: 210-263), a cleavable moiety
(e.g., any one selected from SEQ D NOs: 5-100, and 264-279}, an optional linker {e.g.,
any one selected from SEQ ID NOs: 2, 210-263, 324, 325, 327), a mature cytokine
protein that corresponds to a universal interferon molecule that is a hybrid of IFN alpha |
and IFN alpha 2z (SEQ 1D NG: 481), a cleavable moiety having the amino acid sequence
of SEQ 1D NO: 100, and a dimerization domain corresponding to human IgG Fe (SEQ 1B
NG: 3). The activity of the universal ACC is tested in vitro using IFN-responsive
HEK?293 cells and B16 mouse melanoma cells. Based on the experimental results
reported herein comparing ProC440 with ProC732, it is expected that the presence of the
aftinity mask (PM) will further decrease the cvtokine activity of the uncleaved ACC
relative to ProC839, but will permit full recovery of cytokine activity when the CMs are
cleaved by protease, thereby further reducing toxicity and improving the therapeutic
window.

Without wishing to be bound by theory, based on the results presented herein, the
inventors envisage that use of an affinity mask (PM) at the N-terminus of a cytokine in
addition to the use of a DD with a refatively short LR at the C-terminus of the cytokine
will provide significant masking of cytokine activity for cytokines in addition to the
interferon-alpha cytokines exemplified 1 the foregoing specific examples. As described
above, the invention described herein encompasses activatable cytokine constructs that
include various cytokine proteins discussed herein. As von-limiting examples, the CP
used in the ACCs of the invention may be any of those listed in SEQ ID NQOs: 101 10 209,
and variants thereof. In particular, monomeric cytokines are suited to use in the ACCs
described herein. Based on the results provided herein, it is believed that the ACCs of the
invention will exhibit reduced cytokine activity relative to the corresponding wildtype
cytokine, and that upon cleavage of the ACC by the relevant protease(s}, the cleavage
product will recover cytokine activity similar to that of the corresponding wildtype
cytokine,

Example 6: Tolerability of cytokine constructs in non-human primates

131



10

15

20

25

30

WO 2022/197764 PCT/US2022/020492

In prior studies using conventional half-life-extended IFN-a2b (pegylated IFN-
a2b -reference PEG-IFN BLA #99-148, RMS #1039494 Study 95028) (PEG-IFN, PEG-
INTRON™) in cynomolgus monkeys, it was reported that a single subcutaneous dose of
117,721 ug/m? (approximately 9.8 mg/kg) was associated with transient inappetence,
hypothermia, hypotension, and death of multiple animals. In those prior studies using
pegvlated IFN-aZb, it was reported that the no-observed-adverse-effect level (NOAEL)
was ~4.9 mg/kg in males (58,860 pg/m?®) and ~2.5 mg/kg in females (29,440 pg/m?).

In this Example, to assess the tolerability of the peptide masked IFNg-2b ACC
coustruct (ProC732) in non-human primates, cynomolgus monkeys were dosed via
subcuianeous administration at doses of 0.03, 0.30, 3.0 and 15 mg/kg of body weight.
The monkeys (N=2 per group, mixed gender) received one dose of masked ACC and
were kept on study up to 14-28 days post dose. Plasma concentrations were measured
over tirne as shown in Fig. 39.

All animals were observed cage-~side at least twice a day {(aro / pm) for signs of il
health, morbidity, mortality, injury, viability, and availability/accessibility of food and
water. Whole blood was collected, in appropriate anticoagulant tubes, at approximately
48 hours postdose (Day 3) and on Days 7, 15, 22, and 29.

Hematology parameters included the following: White blood cell count; Mean

cell volume; Absolute differential leukocyte count; Mean cell hemoglobin; Red blood
cell count; Mean cell hemoglobin concentration, Hemoglobin; Platelet count, Hematocrit;

Red cell distribution width; Reticulocyte count.

Clinical chemistry parameters included: Sodium; Potassium; Chioride; Alkaline

phosphatase; Alanine aminotransferase; Aspartate aminotransferase; Glucose; Blood urea
protein; Albumin; Globulin {calculated); Albumin/globulin ratio (calculated); Calcium,
Inorganic phosphorus; Total bilirubin.

Cytokines evaluated included the following: I.-2; IB-10 (CXCL 10); IL-6; IL-12p70;

{FN-gamma; [L-10. The concentration of IP-10 in plasma was measured by MSD V-
PLEX assay (Meso Scale Diagnostics, Rockville, Maryland) as shown in Fig. 40A and

plotted against ProC732 plasma concentration as shown in Fig. 40B.
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Additionally, a fraction of whole blood samples were shipped overnight to the analytical
laboratory for analysis by flow cytometry within 24 to 36 hours post-collection. FAC
evaluations included the following: Viability/ CD20/ CD45/ CD14/ CD3/ CD159a/ CD4/
Kia7/ CD8/ PD-L1L

Overall, animals treated with the ProC732 at all dose levels demonstrated no
clinical signs of adverse effect. There were no signs of inappetence, hypothermia,
hypotension, or body weight loss. Clinical biochemistry and hematology analysis
performed at day 3, day 7, day 15 postdose indicated no deviations from prespecified
normal ranges for all parameters with a single exception: a single animal treated with 15
mg/kg of ProC732 demonstrated elevated AST parameter 3 days after the drug
administration. In cynomolgus monkey peptide masked IFNaw-2b ACC construct
{(ProC732, also referred to as Pb-IFN-alphaZb} demonstrated linear pharmacokinetics and
extended half-life, and was well tolerated at doses up to 15 mg/kg. The results are

summarized 1o the following table:

0.03 mg/kg 0.3 mglkg 3 mg/kg 15 mg/kg
Adverse events - - - -
AST elevation - - - /e
WBC - - - e
reduction
Ki67 increase - - + +
in NK, T-cells
1P-10 elevated - - + Tt

Overall, these resulis indicated increased tolerability of the conditionally masked
IFN-a2b of the present disclosure up to the highest tested dose of 15 mg/kg in both males
and females when compared to conventional half-life-extended IFN-aZb.

Example 7: In vitro Characterization of CXCL1S and HN-gamma induced release
by PBMC

CXCL~10 and IFN-gamma induced release in healthy donor peripheral blood
mononuciear cells (PBMC) was assessed in vifro using untreated PBMC and PBMC
treated with peptide masked IFNa-2b ACC construct (ProC732) or ProC732 activated by
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in vifre protease treatment for 5 hours in the presence of Brefeldin A at doses of 1 ng/mi
(Fig. 19, top row) or 10 ng/ml (Fig. 19, bottom row). Cells were stained for
CD3/CDI9/CD14, fixed/permeabilized, and stained for intracellular expression of
CXCL10 and IFN-gamma. Gating was based on viable monocytes (Fig. 19, top row) or
viable CD19-negative lymphocytes (Fig. 19, bottom row}.  These results show that
ProC732 induces release of CXCL10 and IGN-gamma from PBMC in an activation
dependent manner.

Example 8: in vive tumor suppression by masked IFNa-2b

Tumor suppressive effect of the masked IFNo-2b ACC construct (ProC732) was
assessed i1 vivo using Beige/SCID mice implanted subcutaneously with 10+ 10° Daudi
cells grown tn serum-tree medium (1:1 Matrigel). Tumor measurements were recorded
twice weekly over the duration of the study as indicated on the x-axis of the graph shown
in Fig. 20. Mice (=8 per group) were treated with PBS (control) or ProC732 at doses of
0.02 mg/kg, 0.1 mg/kg, and 0.5 mg/kg once a week for five weeks. Treatment was
initiated once average tumor volume reached approximately 200 mm’. As shown in Fig.
20, a dose-dependent reduction in mean tumor volume was observed for mice treated
with with conditionally active ProC732. Pro(C732 induced complete regression at doses
as low as 0.1 mg/kg out to study day 20 and a dose of 0.5 mg/kg induced complete
regression for the duration of the study.

Fig. 36 shows ProC732 and ProC 1301 inhibited tumor volume growth in a dose-
dependent manner, ProC440, ProC732, and ProC1301 showed complete tumor
suppression at a dose of 0.1 mg/kg.

Example ¢ In vitre activation of mouse splenocytes by IFNa A/D

The ability of masked activatable IFNg A/D (ProC1023) or uncleavable IFNo
A/D to stimulate release of IP-10 in roouse splenocytes was tested in viro. IFNa A/D
{(SEQ 1D NO: 481} was prepared as described in Rehberg et al. (Rehberg, et al. Specific
molecular activities of recombinant and hybrid leukocyte interferons. § Biol Chem.
1982;257:11497-502), which is incorporated by reference herein in its entirety. Control
uncleavable IFNo A/D was constructed by replacing protease cleavage sites with an
uncleavable linker sequence. Masked activatable IFNa A/D was activated in vitro by

incubation with uPA ata 1:250 molar ratio. Mouse splenocytes were treated with
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masked activatable IFNa A/D, with and without protease treatment, or uncleavable IFNg
A/D for 24 hours. IP-10 levels were determined with a standard ELISA assav using
conventional methods,

As shown tn Fig. 21, uPA-treated masked activatable IFNg A/D induced release
of mouse splenccyte IP-10. Both control uncleavable IFNa A/D and masked activatable
IFNo A/D without uPA treatment showed similar levels of IP-10 stimulation, which were
well below the concentration of IP-10 detected for uPA-treated masked activatable IFNo
A/D. The results in Fig. 21 show that stimulation of mouse splenocyte IP-10 release is
conditionally dependent on activation of masked IFNa A/D.

Example 10: Effect of masked IFN-¢2b on in vitro hamster cell viability

Cell viability of hamster melanoma RPMI1846 cells in response to treatment with
masked activatable [FNa-2b ACC construct (Pro’732) compared to treatment
withProC 732 activated with uPA protease was assessed in vitro. RPMI1846 cells were
treated with unmasked and masked ACC at increasing concentrations as shown in Fig,
22. The viability of RPMI1846 cells was determined using a CellTiter Glo assay
{Promega, USA) according to standard assay protocol.

As shown in Fig. 22, hamster melanoma RPMI1846 cells were able to tolerate
substantially higher doses of masked activatable ProC73Z compared to unmasked
Pro(’286. Mask moieties on ProC732 caused a substantial rightward shift in cell viability
as a function of the cytokine construct concentration. These results demonstrate
sensitivity of hamster cells to effects of human IFN-a2b and improved i vifre cell
tolerability for ProC732.

ProC1301 (SEQ ID NO: 240) showed activation resistance to MMP14 and uPA.
Hamster melanoma RPMI1846 cell viability was reduced upon acitivation of ProC732
with uPA (Fig. 22). The activation dependent reduction in cell viability was not observed
in activation resistant ProC1301 (Fig. 35C).

Example 11: f# vive characterization of conditionally active INFa-A/D

Dual masked INFa-A/D ProC1023 and its modified version with potentially
reduced cleavability ProC1549 were prepared as described in Example 1.

The antitumor activity of the masked IFNa-A/I> was tested in vivo using the
MC38 mumor model. Mice (N=5 per group) were implanted subcutanecusly with 1.5x10°
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MC38 cells in serum-free medium. Body weights and tumor measurements were
recorded twice weekly for the duration of the study. When the average tumor volume
reached 80 mm®, mice were dosed two times per week by subcutaneous injections of
masked IFNa-A/D (ProC1023), or masked uncleavable IFNa-A/D (ProC1549) one time
per week intraperitoneally at the indicated dose levels,

Masked [FNa-A/D demonstrated antitumor activity in the 50-200 ug dose level.
Administration of 50 ug resulted in significant tumor growth inhibition, while
administration of 200 ug also resulted in rejection of the tumors by 60% of the animals
Fig. 23A. Autitumor effect of the masked IFNa-A/D (ProC1023} was dependent on
proteclytic activation, because the uncleavable construct (Pro{’1549) did not mediate
similar responses Fig. 23B.

Masked IFNa2b reduced tumor volume at increasing doses. Masked IFNa2b was
prepared as described above. Masked IFNa2b/Fe prevented tumor progression at a dose
of .02 mg/kg and induced tumor regression at a dose of 0.1 mg/kg (Fig. 32). As shown
in Fig. 32, masked IFNaZb/Fc exhibited antitumor activity similar to peginterferon.

The antitumor activity of the masked IFNa-A/D was tested as described above
with doses on days 1, 4, 8, 11, and 15, Tumor volume was assessed at times indicated in
the graph of Fig. 27.

Additionally, masked IFNa2b showed anti-tumor activity at 20 pg and 200 ug
compared to control (Fig. 33). The antitumor activity of the masked IFNa-A/D was
tested as described above with doses on days 1, 4, 8, 11, and 15, Tumor volume was
assessed at times indicated in the graph of Fig. 27.

As shown to Fig. 33, dual masked IFNa AD reduced tumor voluroe compared to a
non-cleavable version at doses of 10, 50, and 200 ug (Fig. 33).

As shown in Fig. 34A, Pro IFNa A/D (ProC1023) inhibited tumor volume growth
in a dose-dependent manner. The inhibition requires activation as shown in Fig. 34B),
where [FNa A/D NSUB (ProC1549) at 200 pg showed reduced antitumor activity
compared to Pro [FNa A/D (ProC1023) at the same dose.

Example 12. Immune memory in IFNa-A/D treated mice,

Najve mice (N=35; Fig. 24A) or mice that rejected MC38 tumor after IFNa-A/D

treatment with a 200 microgram dose of ProC1023 (N=3; Fig. 24B) were re-challenged
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with 1.5 x 10° MC38 cells at day 56 after initial treatment. Tumor growth was monitored
twice weekly. Mice that rejected tumor after treatment with 200 ug/dose IFNa-A/D were
re-challenged with MC38 tumor 56 days after the initial treatment. The mice were not
administered any treatment during the re~-challenge period. After the challenge, MC338
tumors progressively grew in all five control animals (Fig. 244}, however only one out of
three previously 1FNa-A/D-treated mice developed the tumor, and the tumor in that
mouse exhibited significantly slower growth consistent with the formation of antitumor
immune memory in these mice that had been previously treated the 200 micrograms dose
of ProC1023 (Fig. 24B).

The results indicate that masked IFNa-A/D3 suppresses MC38 tumor growth in
activation-dependent, immune mediated manner.

Example 13: Activation-dependent induction of type [ interferon signature
by unmasked IFN-aZb

Dual masked INFa-a2b (SEQ ID NG: 321, ProC732) was activated by treatment
with uPA as described previously. Pegylated IFN-a2b (Merck, USA) was purchased from
a vendor.

PBMCs from four healthy donors were purchased from a vendor as a
cryopreserved, single-cell suspensions with at least 80% viability after thawing. PBMCs
from each donor were treated tn vitro with 1 ug/mL (high dose) of masked IFN-aZb
(uncleaved ProC732), or 10 ng/mL of masked IFN-a2b (uncleaved ProC732), unmasked
IFN-a2b (uPA-treated ProC732), or Peg-IFN-aZb (Sylatron® - Merck, USA) for 24
hours. Bulk mRNA from treated ceils was subjected to paired-end 150c RNAseq high-
throughput sequencivg. Unique gene hit counts were caleulated by using Subread
package v.1.5.2. Using DESeq2, a comparison of gene expression between the indicated
groups of samples was performed. The Wald test was used to generate p-values and log2
fold changes. Genes with an adjusted p-value < 0.05 and absolute log2 fold change > 1
were called as differentially expressed genes for each comparison.

Table 9. Pair-wise comparison of gene expression profiles

oy s . Sylatron
2 +
Untreated | ProC732 | LreC732 ) Proli32+ 1 5 e
high dese uPA a7b)

i
53
~1
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v 1 1248 1418 T 480
Untreated 10 | 36 L 77 L 86
v T8 e 1125
5 i .
Prol’732 IE 110 |17
ProC732 T T 0
high dose 10 L0
ProC732 + 10
uPA L0

Treatment of PBMCs with masked IFN-a2b did not result in gene expression
changes, while activated IFN-aZb consistently upregulated and downregulated large
number of genes in all four donors (Fig. 25). The results demonstrate statistically
significant increases in the expression of 418 genes, whereas 77 genes were
downregulated {(Table 9). Gene ontology analysis revealed a pattern associated with
activation of type | interferon signaling, including enhanced expression of known targets
of IFN-a2b such as CXCL 10, TRAIL and 270AS. Treatment with pegylated IFN-a2b
induced and suppressed similar number of genes in all donors. DYirect comparison
between expression profile of PBMC treated with activated IFN-a2b and Peg-IFN-a2b
revealed no difference between two treatments.

The results are consistent with activation dependent induction of interferon
signaling in primary human immune cells by unmasked [FN-a2b. Minimai changes
between gene expression induced by high dose of masked IFN-aZb and the unmasked
interferon indicate that dual masking reduced signaling potential of the cytokine without
creating new interactions with the receptor.

Example 14: Pharmacokinetic properties of masked IFN-alb

Dual masked INFa-a2b (ProC732), steric masked IFN-a2b (SEQ I NO: 316,
ProC440), its uncleavabie control (ProC659), or Fe-IFN-a2b fusion molecule (ProC286)
were administered to golden Syrian hamsters as described previously. Blood samples
were obtained at &, 24, 72 hours or 7 days after administration. Concentrations of IFN-
a2b were measured using ELISA (Mabtech, USA). Non-compartmental pharmacokinetic

analysis was performed using WinNonlin software (Certara, USA).
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Pharmacckinetic profiles of all tested molecules demonstrate increased serum
concentrations proportional to the administered dose (Fig. 26). At each dose level, drug
exposure was comparable between masked IFN-a2b and control proteins. Non-
compartmental analysis revealed average circulation half-life of 4.3 days — ranging 1.98
to 6.38 days (Table 190},

The results indicate linear pharmacckinetic properties of {FN-a2b in vive and
extended half-life coropared to published data for vnmodified IFN-a2b (2.3 hours) and
Peg-IFN-aZb conjugated with a 12kDa PEG molecule (4.3 hours).

Pharmacokinetics profiles of all tested molecules indicate increased serum

concenirations proportional to the administered dosages.

Table 10, Summary of non-compartmential analysis of 1FN-a2b pharmacokinetics

Hi, fambda =
Test Article | Dose Tmax | Cmax | AUClast {(half life)
mg/kg | day ng/mbl | day*ng/ml | day
ProC286 0.4 0.25 2913 10371 4.3499
ProC286 2 1 8225 30936
Pro286 2 1 8863 39595
ProCC286 2 I 7685 29731
ProC286 10 3| 19443 104368
ProC286 10 i1 37673 79286
ProC286 10 1] 24036 118866
ProC286 s 025| 41340 187894 1.9774
ProC286 15 1| 63075 250384
ProC286 1S 1| 74989 259900
ProC286 15 3| 45546 219676
ProC440 0.4 1 401 1791 4.3952
ProC440 2 1 4718 18986
Pro(440 2 1 7137 27274
ProC440 2 1 8908 40329
ProC440 10 1] 36860 161885
ProC440 10 1] 31851 152170
ProC440 15 0251 53422 214393 5.1186
ProC440 1S 1] 44331 226428
ProC440 15 0251 37551 122054 4.5772
ProC440 1S 1] 18738 109485
ProCo59 0.4 1 686 3143 5.0481
ProCo59 2 3 9842 48703
ProC659 2 025 12284 44567
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Pro(C659 2 0251 15715 36674 5.7591
ProCo59 10 1] 51601 303538
ProC659 10 1] 57389 315392
ProCo59 10 1] 51022 241447
ProC732 10 1] 21019 128288
ProC732 10 11 34498 182458
ProC732 10 1] 34191 179881
ProC732 15 0251 33121 {86676 6.3841
ProC732 15 ] 54723 164326
ProC732 15 L] 27760 {57575
ProC732 15 1] 338938 177802

Unmasked, single and dual masked [FNaZb, and NSUB controf IFNaZb were
adminstered to golden Syrian hamsters as described previously. Blood samples were
obtained at 6, 24, 72 hours or 7 days after administration. Concentrations of IFNa2b were
measured using ELISA (Mabtech, USA).

Pharmacokinetic profiles of all tested molecules demonstrate increased
concentrations proportional to the administered dose (Fig. 26).

Example 135: In vitro characterization of example Universal cytokine construcis

A universal activatable cytokine construct was prepared by recombinant methods
described herein. The universal ACC has a universal interferon sequence (ProC1023)
having activity on both human and mouse cells. The universal ACC is a dimer. The 1%
and 2™ monomer constructs of this ACC were identical, with each being a polypeptide
having the amino acid sequence of SEQ 1D N 235 with a signal sequence at its N-
terminus. Each of the 1% and 2°¢ monomer constructs comprises, from N-terminus to C-
terminus a signal sequence, a spacer {(QSG{)) sequence (SEQ 1D NO: 256), an IFNalpha-
2b masking peptide (TDVDYYREWSWTQVS) (SEQ ID NO: 323), a linker {(GRSGGS)
(SE ID NO: 324), a cleavable moiety having the amino acid sequence {L.SGRSDNI)
{(SEQ ID NO: 41), a linker ((GSn, (GGSin, (GSGGSin (SEQ ID NO: 227}, wherein
u=1), a mature cytokive protein that corresponds to a universal interferon molecule that is
a hybrid of IFN alpha 1 and IFN alpha Za (SEQ 1D NO: 481), a cleavable mwiety having
the amino acid sequence (LSGRSDNI) (SEQ ID NO: 41), and a DD corresponding to
human 1gG4 S228P Fe, truncated to Cys226 {according to EU numbering} (SEQ ID NG:
3).
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Another universal cytokine construct, ProC1549, was prepared by recombinant
methods. The 1¥ and 2% monomer constructs of this ACC were identical, with each
being a polypeptide having the amino acid sequence of ProC1549 (having an exemplary
optional signal sequence). Fach of the 1% and 2™ monomer constructs comprises, from
N-terminus to {-terminus, a signal sequence, a spacer {e.g., USGQ) sequence, an
IFNalpha-2b masking peptide (TDVDYYREWSWTQVS) (SEQ ID NO: 323}, a linker
(GSSGGR) (SEQ ID NO: 324), a non-~cleavable moiety having the amino acid sequence
of SEQ 1D NO: 211, alinker {({GS)n, (GGS)n, (GSGGS)n (SEQ 1D NG: 227), wherein
n=1), a mature cytokine protein that corresponds to a universal interferon molecule that is
a hybsid of IFN alpha 1 and IFN alpha 2a (SEQ 1D NO: 481), a non-cleavable moiety
having the amino acid sequence (GGSGGGEGS) (SEQ 1D NG: 501), and a DD
corresponding to human [gG4 S228P Fe, including the full hinge sequence (SEQ 1D NO:
33. Because the ProC1549 construct lacks cleavable moieties between the masking
peptide and the cytokine, as well between the cytokine sequence and the DI, it is not
activatable, as discussed below.

Another universal activatable cytokine construct, ProC8359, was prepared by
recombinant methods described herein. ProC859 has a universal interferon sequence
having activity on both human and mouse cells. ProC859 is a dimer. The 1% and 2™
monomer constructs of this ProC859 were identical, with each being a polypeptide
having the amino acid sequence of ProC859 with a signal sequence at its N-terminus.
Each of the 1% and 2% monomer constructs comprises, from N-terminus to C-terminus, a
signal sequence, a mature cytokine protein that corresponds to a universal interferon
molecule that is a hybrid of IFN alpha 1 and IFN alpha 2a (SEGQ 1D NO: 481), a cleavable
moiety having the amino acid sequence (SGRSDNI} (SEQ ID NO: 1003, and a
dimerization domain corresponding to human IgG Fe (SEG 1D NO: 3). Unlike
ProC1023, ProC859 does not comprise a peptide masking moiety.

The activity of the universal cytokine constructs ProC1023 and proC859 was
tested i vizro using B16 mouse melanoma cells. The activity of ProC1023 was further
reduced as compared to ProC859 (Fig. 28A). This indicates that the addition of a peptide
mask provided additional masking strength even though the cytokine activity was already

significantly reduced in ProC859 by steric masking through the dimerization domains.
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Surprisingly, it appears that the addition of a masking peptide (PM) does not interfere
with steric rmasking by the DD, nor does the DD appear to interfere with masking by the
PM. Protease activation with uPa restored the activity of Pro{’1023 to a level comparable
to the level of ProC859 after protease activation with uPa. This indicates that ProC1023,
upon protease activation, recovered the full strength of activity of an unmasked universal
IFNalpha.

The masking efficiencies of ACCs in a HEK reporter assay {as measured by
comparing the EC50 of the uncleaved ACC to the EC50 of the cleaved ACC) were as
follows:

Pro(’1023: 1387X
Pro(C859: 700X

The activity of the universal cytokine constructs ProC1023 and ProC 1549 was
tested # vigro using B16 mouse melanoma cells. In the un-activated state, ProC1023 and
ProC1549 showed similar reduction of signaling activity (Figs. 28B and 28C). Upon
Protease activation with either uPa or MMP14, activity of the non-cleavable ProC1549
remains low and simifar to ProC1549 without protease activation, while activity of
ProC1023 was significantly increased after protease activation as compare FroC1023 and
ProC1549 without protease activation (Figs. 288 and 28C). This indicates that ProC1549
is resistant to Protease activation, and it can be used as a control to demonsirate protease-

dependent activation of universal activatable cytokine constructs.

Example 16: In vitro characterization of additional heteredimeric ACCs

ACC ProC1239 (Pro-IFN 49CS 1204 IFNa2b 0 1204 0 G4 Koob Stub Hole) was
also prepared by recombinant methods. The 1% monomer construct of this ACC is a
polypeptide having the amino acid sequence of ProC1239 Arro 1 and a signal sequence at
its N-terminus. The 1* monomer construct of this ACC comprises, from N-terminus to
C-terminus a signal sequence, a spacer {Q3G0Q) sequence (SEQ 1D NG: 256}, an
{FNalpha-2b masking peptide (TDYDYYREWSWTQVS) (SEQ D NG: 323}, a linker
{GSSGGS) (SEQ ID NO: 324), a cleavable moiety having the amino acid sequence
(LSGRSDNI} (SEQ ID NO: 41), a linker ((G8)n, {GGS)n, {(GSGGS)n (S8EQ D NO:
227}, wherein n=1), a mature cytokine protein that corresponds to human interferon
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alpha-2b (SEQ ID NO:1}, a cleavable moiety having the amino acid sequence
(LSGRSDNI) (SEQ ID NOG: 41), and a DD corresponding to human 1gG Fe with a knob
mutation, truncated to Cys226 {according to FU numbering) (SEQ 1D NO: 318). The 2™
monomer construct of this ACC is a polypeptide having the amino acid sequence of
Pro(’1239 Arm 2 and a signal sequence at its N-terminus. The 2™ monomer construct
has, from N-terminus to C-terminus, a signal sequence, a stub moiety (SDND) (SEGQ 1D
N©G: 320}, and a dirverization domain corresponding to human IgG Fc with a hole
mutation (SEQ 1D NG: 319).

The activity of ProC 1239 and ProC732 was tested in vitro using IFN-responsive
HEK293 cells as previously described. The activity of ProC1239 was moderately reduced
as compared to ProC732 (Fig. 29).

Example 17: In vitro characterization of additional ACCs with various
cleavable linkers

Additional activatable cytokine constructs with varying cleavable Hinker were also
prepared by recombinant methods. The 1% and 2™ monomer constructs of these ACCs
were identical. Each of the 1% and 2™ monomer constructs comprises, from N-terminus to
C-terminus, a signal sequence, a spacer (QSGQ) sequence (SEQ 1D NO: 256), an
IFNalpha-2b masking peptide (TDVDYYREWSWTQVS) (SEQ ID NO: 323), a linker
(GSSGGS) (SEQ 1D NG: 3243, a cleavable moiety, a linker ((GS)n, (GGSn, (GSGGSn
(SEQ 1D NO: 227), wherein n=1}, a mature cytokine protein that corresponds to human
interferon alpha-2b (SEQ 12 NG: 1), a cleavable moiety, and a DI corresponding to
human IgG4 S228P Fe, truncated to Cys226 (according to EU numbering) (SEG ID NO:
3). The various cleavable linkers used in the ACCs are described in the following table:

Activable cytekines having different cleavable linkers between

CM between CFP and M between CP and

Name Alternative Name PM DD
¥ ey L TED [sTaiN o) N
Pro-1FN 49€5 1204 IFNa2b LSGRSDNI LSGRSDNI
0 1204 0 (ESKYGPP (SEQ | cpiy1pNpy: 41 SEQ ID NO: 41)
ProC732 | IDNO: 317)) G4 SEQID NO-41) G NO:41)
rro-TEN 49CS 1205 TFN T T
5)?7%52?~}§sf;a§1‘§g}5}>§('ﬁ§(§ _ LSGRSNI o LSGRSNI
0 1205 0 (RS SE (SEQ 1D NO- 315) (SEQ ID NO- 315)

ProC1550 | ID NO: 317)) G4
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Pro-IFN 49CS 559 IFNa2b
0 559 0 (-ESKYGPP (SEQ
ProC1552 | IDNO: 3173 G4

QNQALRMA ONOQALRMA
(SEQ ID NO: 16) (SEQ ID NO: 16)

The activity of ProC732, ProC1550 and ProC1552 were tested én vitro using IFN-
responsive HEK293 cells as previously described. Upon protease activation with either
uPa or MTSP1, all activable cytokine constructs showed a similar increased of activity,
indicating that all activated cytokines coustructs recover the same level of activity upon
protease treatment as shown in Fig. 30.

Example 18: Binding of activated Pb-IFN-alb {o interferon alpha receptors
in vitro

Pb-INF-aZb was activated i vitre with uPA, and the active fraction was purified
by chromatography (ProC1640). Interferon alpha receptor 1 human (ProC1822) and cyno
{(ProC1824), as well as IFNAR2 human (ProC1823) and cyno (ProC1825) were
expressed as recombivant proteins and purified. Binding was performed i vitro using the
surface plasmon resonance approach. The ligands were captured on a chip coated with
immobilized anti-human Fc or anti-histidine antibodies. Regeneration conditions to
permit multi-cycle kinetic measurements were established. Different concentrations of
analytes were flowed over the ligand-captured chip to generate multi-cycle kinetic
sensorgrams that were analyzed to obtain the kinetic rate counstants and the affinity
constant using a 1.1 binding model.

ProC1640 binds to human and cyno IFNARI, however affinity and specificity of
the interaction could not be determined with current method due to extremely slow
dissoctation of the molecules. Binding of the activated fraction of the IFN-a2b to human
IFNAR?2 and cyno IFNARZ was detected. As shown in Figs. 41A-41D, ProC732 binds to
buman and cynorolgus monkey interferon alpha receptor IFNARZ with similar affinity.
Fig. 41A shows human IFNART response over time. Fig. 41B shows cynomolgus
monkey IFNARI response over time. Fig. 41C shows human IFNARZ response over
time. Fig. 41D shows cynomolgus monkey IFNAR2 response over time.

Affinity to hIFNAR2 was 2.7 oM, cyno — 9.3 nM as shown in the following table:
Summary of binding studies with IFN-a2b molecules

Ligand Analyie ka (1/Ms) kd (1/5) KD (nbf)
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ProC1823 ProC1040 4.374E+00 1.193E-02 2.731
ProC1825 ProC1640 2.674E+06 2.501E-02 §.353
ProC1823 ProC1976 §.085E+04 F175E-02 130.8
ProC1718 ProCl1640 5. 177TE+06 1.214E-02 2.344
ProC440 ProC1718 2.055E+0G5 2.077E-02 1011

For confirmatory studies, binding of the activated Pb-IFN-a2b (ProC1640 ) to Fe-tagged
dimeric IFNAR2 (ProC1718) was analyzed. The Kd of the interaction of ProC 1640 with
ProC1718 was 2.3 uM.

Therefore, human IFN-a2b binds to human and cynomolgus monkey IFNAR2
with similar affinity. Format and valency of the ligand did not affect measurement
results.

Example 19: Binding of single masked Pb-1¥N-aZb molecules to IFNAR2

Rinding of masked Pb-INF-a2b to human IFNAR2 was performed as described
above. Direct comparison of the peptide masked IFN-aZb (ProC1976) with its unmasked
version {ProC1640} demonstrated ~50x affinity differential (130.8 nM vs 2.7 nM,
respectively). Furthermore, sterically masked molecule (ProC440) binds to IFNARZ with
significantly reduced affinity (kD = 101.1 nM} compared to the unmasked molecule. As
shown in Figs. 42A-4213, each of the peptide masks (Fig. 42A (no peptide mask) vs. Fig.
428 (peptide masked)) and the Fc masks (Fig. 42C {no Fc mask) vs. 42D (Fc masked))
affect binding of the ACC to the receptor. In view of the data, synergistic activity has
been obtained through the use of the dual masking structure of the ACCs of the present
disclosure. Therefore, both affinity and steric masking decreases binding of the IFN-aZb
to IFNARZ.

Example 20: Activation of ACCs by tumor tissues

Fluorescently labeled ProC732 was incubated with enzymatically active tumor
samples or low-activity control tissues at 37°C as shown in Fig. 37A as described in
{Howng, B, Winter, MB, LePage, , et al. Novel Ex Vivo Zymography Approach for
Assessment of Protease Activity in Tissues with Activatable Antibodies. Pharmaceutics
2021,13:1390). Proteins recovered after 2 or 16 hours of incubation were analyzed for
activation status (capillary electrophoresis) and bioactivity (HEK-blue reporter assay).
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Recovered solution was then analyzed through capillary electrophoresis enabling
guantification of active molecules or low-activity control tissue (Fig. 37B) or using HEK-
blue IFNA reporter model (Fig. 37C). Enzymatically inactivesamples were used as
control tissucs. The results demonstrate the activation of ProC732 in the tumor
microenvironment.

Incubation with breast carcinoma tumor samples but not low-activity control
tissues resulted in appearance of protein products corresponding to molecules expected to
be generated after release of steric (Fc fragment) and affinity {CS49 peptide) masks (Fig.
378). Release of the peptide mask was detected earlier while separation of the Fe mask
was more pronounced at the later time point. Pb-1FN-a2b samples incubated with the
breast carcinoma tissues, but not control tissues demonstrated increased potency in the
IFN pathway activation assay (Fig. 37C). 16h incubation resulted in higher potency as
compared to 2h.

The observation 1s consistent with tiroe-dependent release of the steric and
peptide masks from the Pb-IFN-aZb molecule, and therefore, proteolytic activation of Pb-
IFN-a2b by tumor tissues.

Example 21: Changes in bioactivity of the interferon molecules after
incubation with tumor tissues,

Fully masked Pb~INF-a2b (ProC732) or in vitro activated (ProC1640) IFN-a2b
proteins were incubated with tumor samples. Proteins recovered after 2, 6 or 24 hours of
incubation were analyzed for bicactivity using HEK -blue reporter assay.

Incubation with enzyvmatically active tumor tissues resulted in activation and
enhanced bicactivity of Pb~IFN-aZb. On contrary, incubation with tumor tissues reduced
bioactivity of the unmasked interferon, potentially by proteolytic degradation of the
molecule. Bioactivity of control samples of both Pb-IFN-a2b and unmasked IFN-a2b did
not change upon incubation in the absence of tumor. As shown in Figs. 38A-38C,
ProC732 or recombinant IFN-a2b were incubated on TNBC and head and neck (“H&N™)
tumor tissue sections or in tumor-free glass area at 37°C. Recovered solutions were then
analyzed by HEK-blue IFNA reporter model. Figs. 38A and 38B show the fold change of
bicactivity of 10 ng/mL ProC732 or 1 ng/ml. of recombinant [FN-aZb calculated refative

to 0 hour values. Fig. 38C shows bicactivity of ProC732 and IFN-a2b proteins incubated
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in the absence of tumor tissues for 24h. Hach line connects an individual sample
(concentration range 100-0.01 ng/mL) analyzed before and after 24h incubation.

The results suggest that exposure to tumor tissue could degrade unmasked
interferon molecules tn vitro. Masked Pb-1IFN-a2b retains and enhances its bioactivity
after tumor exposure.

Example 22: Pharmacokinetics of the masked INF-a2b and central molecules
in non-human primates

To understand PK/PD properties of the Pb-IFN-a2b in cynomolgus monkey,
animals (N=2 per group) were treated with a single dose subcutaneous administration of
Pb-1FN-aZb at 0.03, 0.3, 3 or 15 mg/kg. Plasma samples were collected at indicated time
points and analyzed for total Pb-IFN-a2b conceniration. Concentrations of IP-10 in the
serum were measured by the MesoScale Discovery MSD V-plex assay.

Administration of ProC732 resulted tn dose-dependent increase in plasma
concentrations of the drug starting from the first measurement at 24h after administration
{(Fig. 39). Plasma concentrations of the Pb-IFN-a2b were maintained for at least 2 weeks
after the administration.

Elevated serum concentrations of IP-10 were detected in treated animals as early
as 24h after the administration (Fig. 40A). Magnitude of the increase was correlated with
dose level; 15 and 3 mg/kg administrations resulted in IP-10 concentrations above 8 and
4 ng/mL respectively. Seven days after the administration, serum levels of IP-10 came
back to the physiological concentration in all animals except the monkeys treated with
the highest dose level. Concentrations of circulating Pb-IFN-aZb and IP-10 plotted
against each other at day 1 and day 7 after adminisiration (Fig. 40B).

The results are consistent with extended half-life of Pb-1FN-a2b in hon-human
primates. Transient increase in IP-10 after treatment with high dose of Pb-IFN-a2b
indicates that the molecule can activate the type { IFN signaling pathway in non-human
primates then given at high dose levels.

Example 23: Gene expression profile changes induced by Pb-INF-a2b non-
human primates

Cynomolgus monkeys were treated with Pb-IFN-a2b as described previously.

PBMC were 1solated from whole blood at 24h after the administration. Gene expression
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profile changes induced by ProC732 in cynomolgus menkeys were analyzed.
Cynomolgus monkey (N=2 per group) were treated with a single dose subcutaneous
administration of ProC732at 0.03, 0.3, 3 or 15 mg/kg. Bulk mRNA from isolated cells
was subjected to paired-end 150¢ RNAseq high-throughput sequencing. Unique gene hit
counts were calculated by using Subread package v.1.5.2. Using DESeq2, a comparison
of gene expression between the indicated groups of samples was performed. The Wald
test was used to generate p-values and log2 fold changes. Genes with an adjusted p-value
< 0.05 and absolute fold change > 3 were called as differentially expressed genes for each
COMPArison.

Administration of Ph-IFN-a2b at all dose levels was associated with upregulation
of 35 genes in circulating leucocytes (Fig. 43). Additional nurmbers of genes (3, 12, and
47} were upregulated by increased dose level of administered Pb-1FN-aZb (0.3, 3, and 15
mg/kg), respectively. Many of the upregulated genes belong to the group identified as
ISG, or wnterferon-~-stumulated genes, known to be tnduced by type I interferons. Analysis
of individual upregulated genes indicated dose-dependent pattern of induction where
most evident changes were associated with the top dose level of the Pb-IFN-a2b. Fig 44
shows the dose-dependent changes in gene expression. Genes were called differentially
expressed if number of reads changes were >3,

The results are consistent with in vivo activation of type T IFN signaling by Pb-
IFN-aZb.

Example 24: In vivo chavacterization of Pb~-INFa-A/D

The antitumor activity of the masked IFNa-A/D (ProC1023) was tested in vivo
using MC38 tumor model. Mice (N=10 per group) were be implanted subcutaneously
with 1.5x10° MC38 cells in serum-free medium. Body weights and tumor measurements
were recorded twice weekly for the duration of the study. When the average tumor
volume has reached 8¢ mm’, mice were dosed with the indicated amounts of ProC1023
by a single subcutaneous injection. Previously we established that masked IFNa-A/D
demonstrate antitumor activity in the 50-200 ug dose level. Administration of 50 ug
resulted 1n significant tumor growth inhibition, while administration of 200 ug also
resulted in rejection of the tumors by 60% of the animals. In this experiment, animals

were euthanized 6 days after the administration and tumors, tumor-draining lvmph nodes,
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and spleens were collected and processed into single-cell suspensions. Composition and
activation of tumor immune infiltrate was analyzed by flow cytometry performed with
total cells and gated on viable C145+CD3+ subsets.

In mice treated with Pb-IFNa-A/D, CD8+ T cell subset in tumor
microenvironment {TME), but not in peripheral tissues demonstrated enhanced
activation, including production of effector molecules associated with tumoricidal
activity (Fig. 45). Granzyme B is an effector roolecule of cytotoxic T cells that could be
induced by type I interferon signaling. Administration of Pb-1FNa-A/D} was associated
with significant increase in frequency of Granzyme B positive and CD69 positive CD8+
T cells in tumors, while where was no major changes in peripheral tissues, including
tumor-draining lymph nodes.

Thus, the data show that Pb-IFNa-A/D mediates immune activation in tumor but
not in periphery. The pattern of immune activation was generally consistent with
published effects of type [ interferon. The tumor-preferred manner of immuune activation
shows activation of the ACCs by tumors through proteolytic cleavage. The observation is
in agreement with immune-mediated roechanism of MU38 tumor growth suppression by
Pb-IFNa-A/D.

Example 25: In vive {olerability of the Pb-IFN-alZb

Human IFNa-2b cross-reacts with hamster IFNa receptor and has been previously
shown to be active in hamsters (Altrock et al, Journal of Interferon Research, 1986).
Improved tolerability of the ProC732 compared to unmasked IFN-aZb-F¢ fusion
(ProC286) or single {sterically) masked IFN-a2b (ProC440) in hamsters after single
administration was shown in Example 2. In this Example 25, tolerability of the Pb-IFNo-
2b in Syrian Gold Hamsters was determined after multiple administrations.

Animals (N=5 per group} were dosed with ProC732 15 or 30 mg/kg dose level or
unmasked IFN-a2b-Fc fusion protein (ProC286) at 7.5 or 15 mg/kg dose level, 1.p. once
weekly for total 3 administrations. Clinical observations, body weights & temperature
were measured prior to dosing, and twice weekly thereafter. Animals dosed with the
unmasked IFN molecules (ProC286) showed significant body weight loss as early as 3
days after first administration (Fig. 46). The first animal dosed with 15 mg/kg ProC286

was euthanized at day 10 due to excessive weight loss (>25%:) and all the other animals
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were either euthanized due to excessive weight loss, inactivity and lethargy or were found

dead between days 11 and 19, Similar observations were made for the animals treated

with lower (7.5 mg/kg} dose of the unmasked INF-a2Zb. In contrast, none of the animals

treated with ProC732 up to 30 mg/kg demonstrated significant loss of weight or

morbidity.

The results are in agreement with increased safety of Pb-IFN-aZb due to the use of

the dual maskiog structure used in the present disclosure.

Example 26: Reduced cytokine and chemokine release in cynomolgus

menkey tretad with single dose administration of the Pb-IFN-alb

To understand effect of masking of the Pb-1FN-a2b in cynomelgus monkeys,

animals (N=2 per group) were treated with a single dose subcutancous administration of

Pb-1FN-a2b (ProC732) at 1 mg/kg of unmasked control molecule ProC286 at 1 or 0.1

myg/kg. Plasma samples were collected at indicated time points and analyzed for IP-10,

MIP-1b and IL-12p70 concentrations using the multiplex MSD V-plex assay.

As shown in Fig. 47, admnistration of ProC732 resulted in elevation of the

plasma IP-10 and MIP-1b level

& hours after the adminisiration. Plasma concentrations of

all measured molecules were higher in animals treated with unmasked molecule at high

and tow dose level. 24 hours after the administration only slight elevation of IP-10 was

noted in animals treated with ProC732. On contrary, animals received 1 mg/kg of

ProC286 demonstrated highly elevated IP-10 levels. IP-10 elevation observed 24 hours

after administration of 0.1 mg/kg ProC286 was greater than such induced by 10-fold

higher dose of ProC732.

The results indicate atienuated induction of biomarkers of type I interferon

response in non-human primates treated with ProC732 as compared to unmasked

cytokine-Fe fusion. The observation is in agreement with masking effects.

Table 11. Example sequences

alpha-2b

SEQ | NAME SEQUENCE

1Y

NO.

Human loterferon- | CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP

QEEFGNQFQKAETIPVLHEMIQOGIFNLFSTKDSSAAWDET
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LLDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILA
VRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKE

2 Linker GGGS

3 Human IgG4, CPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVVYD

8228P wruncated Fo | VSOEDPEVOFNWY VDGVEVHNAK TKPREEQFNSTYRV

Region VSVLTVLHODWLNGKEYKCK VSNKGLPSSIEK TISKAKG
QPREPOVYTLPPSQEEMTKNOVSLTCLVKGFYPSDIAVE
WESNGGPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQ
OGNVFSCSVMHEALHNHYTQKSLSLS

4 Human IgG4 Fe ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEV

region, with S228P | v S OEDPEVOFNWY VDGVEVHNAK TK PREEQF

mutation and full

hinge NSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEK
TISKAKGOPREPQVYTLPPSQEEMTKNQVSLTCLVKGFY
PSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLYSRLTV
DKSRWOQGNVESCSYMHEALHNHYTOKSLSLS

5 M LSGRSDNH

& CM TGRGPSWY

7 CM PLTGRSGG

) CM TARGPSFK

9 CM NTLSGRSENHSG

10 CM NTLSGRSGNHGS

11 CM TSTSGRSANPRG

12 CM TSGRSANP

13 CM VHMPLGFLGP

14 CM AVGLLAPP

15 CM AQNLLGMY

16 CM ONQALRMA

17 CM LAAPLGLL

18 CM STFPFGME

19 CM ISSGLLSS

20 CM PAGLWLDP
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21 CM VAGRSMRP

22 CM YVPEGRRS

23 CM L PRSPAF

24 CM MVLGRSLL

25 CM QGRAITFI

26 CM SPRSIMELA

27 CM SMLRESMPL

28 CM ISSGLLSGRSDNH

29 M AVGLLAPPGGLSGRSDNH
30 M ISSGLLSSGGSGOGSLSGRSDNH
31 CM LSGRSGNH

32 CM SGRSANPRG

33 CM LSGRSDDH

34 CM LSGRSDIHH

35 CM LSGRSDQH

36 CM LSGRSDTH

37 CM LSGRSDYH

38 CM LSGRSDNP

39 CM LSGRSANP

40 CM LEGRSAN]

41 CM LEGRSDNI

42 CM MIAPVAYR

43 CM RPSPMWAY

44 CM WATPRPMR

43 CM FRLLDWOW

46 CM ISSGL

47 CM ISSGLLS

48 CM ISSGLL

49 CM ISSGLLSGRSANPRG

56 CM AVGLLAPPTSGRSANPRG
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51 CM AVGLLAPPSGRSANPRG

52 CM ISSGLLSGRSDDH

53 CM ISSGLLSGRSDIH

54 CM ISSGLLSGRSDQH

55 CM ISSGLLSGRSDTH

56 CM ISSGLLSGRSDYH

57 CM ISSGLLSGRSDNP

58 CM ISSGLLSGRSANP

59 CM ISSGLESGRSANI

60 M AVGLLAPPGGLSGRSDDH
61 CM AVGLLAPPGGLSGRSDIH

62 CM AVGLLAPPGGLSGRSDOH
63 CM AVGLLAPPGGLSGRSDTH
64 CM AVGLLAPPGGLSGRSDYH
a5 CM AVGLLAPPGGLSGRSDNP
66 CM AVGLLAPPGGLSGRSANP
67 CM AVGLLAPPGGLSGRSANI
68 CM ISSGLLSGRSDNI

69 CM AVGLLAPPGGLSGRSDNI
70 CM GLSGRSDNHGGAVGLLAPP
71 CM GLSGRSDNHGGVHMPLGFLGP
72 CM LSGRSDNHGGVHMPLGEFLGP
73 CM ISSGLSS

74 CM PYVGYTSSL

75 CM DWLYWPGH

76 CM LKAAPRWA

77 CM GPSHLVLT

78 CM LPGGLSPW

79 CM MGLFSEAG

80 CM SPFLPLRVP
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81 CM RMHLRSLG

82 CM LLAPSHRA

83 CM GPRSFGL

84 CM GPRSFG

85 CM SARGPSRW

86 CM GGWHTGRN

87 CM HTGRSGAL

88 CM AARGPAITH

) M RGPAFNPM

9 CM SSRGPAYL

91 CM RGPATPIM

92 CM RGPA

93 CM GGQPSGMWGW

94 CM FPRPLGITGL

95 CM SPLTGRSG

9 CM SAGFSLPA

97 CM LAPLGLORR

98 CM SGGPLGVR

99 CM PLGL

100 | CM SGRSDNI

101 | Human Interferon | CDLPQTHSLGSRRTLMLLAQMRKISLFSCLKDRHDFGFP

alpha-Za QEEFGNQFQKAETIPVLHEMIQQIFNLFSTKDSSAAWDET

LLDKFYTELYQOLNDLEACVIQGVGVTETPLMKEDSILA
VRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKE

102 | Rat Interferon CDLPHTHNLRNKRAFTLLAQMRRLSPVSCLKDRKDFGF

alpha-2

PLEKVDGOOQIQKAQAIPVLHELTQOILSLFTSKESSTAWD
ASLLDSFCNDLQOGLSGLQACLMOOQVGVQESPLTQEDS
LLAVREYFHRITVYLREKKHSPCAWEVVRAEVWRALSSS
ANLLGRLREERNES
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103

Mouse Interferon

alpha-2

CDLPHTYNLRNKRALKVLAOMRRLPFLSCLKDRQDFGF
PLEKVDNQOIQKAQAIPVLRDLTOQTLNLFTSKASSAAW
NATLLDSFCN DLHQQLNDLQ TCLMQQVGVQ
EPPLTQEDAL LAVRKYFHRITVYLREKKHS
PCAWEVVRAE VWRALSSSVN LLPRLSEEKE

104

Human Interferon

Alpha-2b

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP
QEEFONQFOKAETIPVLHEMIQOIFNLFSTKDSSAAWDET
LLDKFYTELYQOQLNDLEACVIQGVGVTETPLMKEDSHLA
VRKYFORITLYLEKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKE

Human Interferon

Alpha-n3

CDLPOTHSLGSRRTLMELLAQMRKISLFSCLKDRHDEFGEP
QEEFGNQFOKAETIPVLHEMIQOIFNLFSTKDSSAAWDET
LLDKFYTELYQQLNDLEACVIQGVOVTETPLMKEDSILA
VREKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLESTNL
QESLRSKECDLPOQTHSLGSRRTLMLLAQMRRISLESCLK
DRHDFGFPQEEFGNQFQKAETIPVLHEMIQOQIFNLFSTKD
SSAAWDETLLDKFYTELYQOQLNDLEACVIQGVGVTETPL
MNEDSILAVRKYFORITLYLKEKKY SPCAWEVVRAEIMR
SFSLSTNLQESLRSKECDUPQTHSLGSRRTEMLLAQMRRI
SLESCLEKDRRDFGFPQEEFGNQFQKAETIPVLHEMIQQIF
NLFSTKDSSAAWDETLLDKFYTELYQOQLNDLEACVIQGY
GVTETPLMNEDSILAVREKYTFQRITIYVEKEKKYSPCAWEY
VRAEIMRSFSLSTNLQOESLRSKE

Human Interferon

beta-la

MSYNLLGFLORSSNFQCQKLLWQLNGRLEYCLKDRMNF
DIPEEIKQLOQFQKEDAALTIVEMLOQNIFAIFRODSSSTGW
NETIVENLLANVYHQINHLK TVLEEKLEKEDFTRGKLMS
SLHLKRYYGRILHYLKAKEYSHCAWTIVRVEILRNFYFIN
RLTGYLRN

Human Interferon

beta-1b

SYNLLGFLORSSNFOSOKLLWOLNGRLEYCLEDRMNID
IPEEIKQLOQFQKEDAALTIYEMLONIFAIFRGDSSSTGW
NETIVENLLANVYHOINHLKTVLEEKLEKEDFTRGKLMS
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SLHEXKRYYGRILHYLKAKEYSHCAWTIVRVEILRNEYFI
NRLTGYLRN

108

Mouse Interferon-

Beta

MNNRWILHAAFLLCFSTTALSINYKQLOQLOERTNIRKCG
ELLEGLNGKINLTYRADFKIPMEMTEKMOKSYTAFAIQE
MLONVFLVFRNNFSSTGWNETIVVRLLDELHQOTVFLEK

TVLEEKQEERLTWEMSSTALHLKSYYWRVQRYLKLMK
YNSYAWMVVRAEIFRNFLIIRRLTRNFQN

109

Rat Interferon-Beta

MANRWTLHIAFLLCFSTTALSIDYKQLOFRQSTSIRTCQK
LERQEINGRLNLSYRTDFKIPMEVMHPSOMEKSYTAFAIQ
VMLOQNVFLVFRSNFSSTGWNETIVESLLDELHQOTELLEIL
BKEKQEERLTWVTSTTTLGLEKSYYWRVQOQRYLKDKKYN
SYAWMVYVRAEVIFRNFSHERLNRNF(N

Human Interferon

Omega

MCDEPONHGLLSENTLVLLHOMRRISPFLCLKDRRDFERF
PQEMVEGSQLOKAHVMSVEHEMLQOIFSLFHTERSSAA
WNMTLLDQLHTGLHQOQLOHLETCLLOVVGEGESAGAIS
SPALTLRRYFQGIRVYLKEKKYSDCAWEVVRMEIMKSL
FLSTNMQOERLRSKDRDLGSS

111

Human IL-1 alpha

MAKVPDMPEDLENCYSENEEDSSSIDHLSLNQKSFYHVS
YGPLHEGCMDQSVSLSISETSKTSKLTFKESMVVVATNG
KVLEKRRLSLSQSITDDDLEAIANDSEEEIKPRSAPFSFLS
NVKYNFMRIKYEFILNDALNQSHRANDQYLTAAALHN
LDEAVKFDMGAYKSSKDDAKITVILRISKTOLYVTAQDE
DOPVLLKEMPEIPKTITGSETNLLFFWETHGTKNYFTSVA
HPNLFIATKODYWVCLAGGPPSITDFQILENQA

P12

Mouse IL-1 alpha

MAKVPDLFEDLKNCYSENEDYSSAIDHLSENQKSFYDAS
YOSLHETCTDOFVSLRTSETSKMSNFTFKESRVTVSATSS
NGKILKKRRLSFSETFTEDDLOSITHDLEETIQPRSAPYTY
QSDLRYKLMKLYROKFVMNDSINQTIYODYVDKHYLST
TWENDLQOEVKFDMYAYSSGGDDSKYPVILKISDSQLF
VSAQGEDOQPVLLKELPETPKLITGSETDLIFFWESINSKN
YFTSAAYPELFIATKEGSRVHLARGLPSMTDFOIS

156




WO 2022/197764

PCT/US2022/020492

113

Human [L-1 beta

DLDLCPLDGGIQLRISDHHYSKGFRQAASVVVAMDKLR
KMLVPCPOTFOENDLSTFFPFIFEEEPIFFDTWDNEAYVH
DAPVRSLNCTLRDSQOKSLVMSGPYELKALHLQGQDME
QQVVESMSFVOGEESNDKIPVALGLKEKNLYLSCVLKD
DKPTLOLESVDPKNYPKEKMEKRFVINKIEINNKELEFES
AQFPNWYISTSQAENMPVFLGOGTKGGODITDFTMOQEFVSS

114

Mouse IL-1 beta

MATVPELNCEMPPFDSDENDLFFEVDGPOKMKGCFQTF

DLGCPDESIQLOISQOHINKSFROAVSLIVAVEKLWQLPY
SFPWTFQDEDMSTFFSFIFEEEPILCDSWDDDDNLLYVCDVY
PIRQLHYRLRDEQQKSLVLSDPYELKALHLNGQNINQQV
IFSMSFVQGEPSNDKIPVALGLKGKNLYLSCVMKDGTPT
LOLESVDPKQYPKKKMEKRFVFNKIEVKSKVEFESAEFP

NWYISTSQAEHKPVFLGNNSGODIDFTMESVSS

Human IL-1RA

MEICRGLRSHUITLLLFLFHSETICRPSGRKSSKMOAFRIW
DVNQKTFYLRNNQLVAGYLGGPNVNLEEKIDVVPIEPH
ALFLGIHGGEKMCLSCVESGDETRLGLEAVNITDLSENRK
QDKRFAFIRSDSGPTTSFESAACPGWFLCTAMEADQPVS
LTNMPDEGVMVTKFYFQEDE

116

Mouse IL-1RA

MEICWGPYSHLUISLLLILEFHSEAACRPSGKRPCKMQAFR
IWDTNQRTFYLRNNQUIAGYLOQGPNIKLEEKIDMVPIDL
HSVFLGIHGGKLCLSCAKSGEDIKLQLEEVNITDLSKNKE
EDKRFTFIRSEKGPTTSIESAACPGWFLCTTLEADRPVSL
TNTPEEPLIVIKFYFQEDQ

Human [L-18

MAAEPVEDNCINFYVAMKFIDNTLYFIAEDDENLESDYFG
KLESKLSVIRNLNDOQVLFIDOGNRPLFEDMTDSDCRDNA
PRTIFHSMYKDSQPRGMAVTISVEKCEKISTLSCENKHSFK
EMNPPDNIKDTKSDHFFQRSVPGHDNKMOFESSSYEGYF
LACEKERDLFKLILKKEDELGDRSIMFTVONED

1138

Mouse [1-18

MAAMSEDSCVYVNFKEMMEIDNTLYFIPEENGDLESDNFG
RLHCTTAVIRNINDQVLFVDKROPVFEDMTDIDQSASEP

15

~1
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QTRLOAYMYKDSEVRGLAVTLSVEDSKMSTLSCKNKIISF
EEMDPPENIDDIQSDLIFFQKR VPGHNKMEFESSLYHGHF
LACQKEDDAFKLH KKKDENGDKSVMETLTNLHQS

119

Human [L-2

MYRMOQLLSCIALSTALVINSAPTSSSTKKTQLOLEHLLL
DLOMILNGINNYKNPELTRMLTFEFYMPKEATELKHLQ
CLEEELKPLEEVINLAQSKNFHLRPRDLISNINVIVLELK
GSETTFMCEYADETATIVEFLNRWITFCQSIS

Mouse [L-2

MYSMOLASCVTLTLVLLYNSAPTSSSTSSSTAEAQQQQQ
QQOGOOQHLEQLLMDLOELLSRMENYRNLKLPRMLTF
KFYLPKQATELKDLQCLEDELGPLRHVLDLTQSKSFQLE
DAENFISNIRVTVVKLKGSDNTFECQFDDESATYVDFLR
RWIAFCQSIISTSPQ

Human IL-4

MGLTSQLLPPLFFLEACAGNEFVHGHKCDITLQEHKTLNS
LTEQKTLCTELTVTDIFAASKNTTEKETFCRAATVLRQF
YSHHEKDTRCLGATAQQFHRHKOQLIRFEKRLDRNLWGL
AGINSCPVKEANQSTLENFLERLETIMREKYSKCSS

Mouse IL-4

MGLNPQLVVILLFFLECTRSHIHGCDKNHURENGIHENEVT
GEGTPCTEMDVYPNVLTATKNTTESELVCRASKVLRIFYL
KHGKTPCLKENSSVEMELQRLFRAFRCLDSSISCTMNES
KSTSLKDFLESLKSIMOMDYS

Human 1.7

MFHVSFRYIFGLPPLILVLLPVASSDCDIEGKDOGKOYESY
LMVSIDQLLDSMEKEIGENCENNEFNFFKRHICDANKEGM
FLFRAARKLROFLEMNSTGDFDLHLLEVSEGTTILLNCT
GOQVKORKPAALGEAQPTKSLEENKSLKEQKKENDLCEFL
KRLLQEIKTCWNKILMGTKEH

124

Mouse IL-7

MFHVSFRYIFGIPPLILVLLPVTSSECHIKDKEGKAYESVL
MISIDELDEMTGTDSONCPNNEPNFFREKHVUDDTKEAAFL
NRAARKLKQFLKMNISEEFNVHLLTVSQGTQTLYNCTS
KEEKNVKEQRKKNDACFLKRLLREIKTCWNKILKGSE
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125

Homan 1L.-9

MLLAMVETSALLLCSVAGOQGCPTLAGILDINFLINKMQE
DPASKCHCSANVTSCLCLOGIPSDNCTRPCEFSERLSQMTENT
TMOTRYPLIFSRVEKSVEVLENNKCPYFSCEQPCNOQTTA
ONALTFLKSLLEIFQKEKMRGMRGKI

126

Mouse [L-9

MLVTYILASVLLFSSVLGORCSTTWOGIRDTNYLIENLKD
DPPSKCSCSGNVTSCLCLSVPTDDCTTPCYREGLLOLTN
ATQRSRLLPVFHRVKRIVEVLENITCPSFSCEKPCNQTM
AGNTLSFLKSLLGTFOKTEMOQRGKSRP

Human [L-13

MHPLLNPLLLALGLMALLLTTVIALTCLGGFASPGPVPPS
TALRELIEELVNITONQKAPLCNGSMVYWSINLTAGMYCA
ALESLINVSGCSAIEKTQRMLSGFCPHKVSAGOQFSSLHVR
DTKIEVAQFVKDLLLHEKKLFREGREN

128

Mouse 1L-13

MALWVTAVLALACLGGLAAPGPYPRSVSLPLTLKELIEE
LENITODOTPLONGSMVWIVDLAAGGFCVALDSLTNISN
CNAIYRTQRILHGLCNRKAPTTVSSLPDTKIEVAHFITKL
LSYTKQLFRHGPY

129

Human [L-15

MRISKPHLRSISIQCYLCLLENSHFLTEAGIHVFHLGCEFSA
GLPKTEANWVNVISDLEKIEDLIQOSMHEIDATLYTESDVH
PSCKVTAMKCFLLELQVISLESGDASIHDTVENLILANN
SLESNONVTESGCKECEELEEKNIKEFLOQSFVHIVOMEIN
T8

Mouse IL-15

MEILKPYMRNTSISCYLCFLINSHFLTEAGIHVFILGCVS
YGLPKTEANWIDVRYDLEKIESLIQSHIDTTLYTDSDFHP
SCKVTAMNCFLLELOQVILHEYSNMTLNETVRNVLYLAN
STLSSNEKNVAESGCKECEELEEKTFTEFLOSFIRIVOMFEIN
T8

Ju—
(%)
ot

Human [.-3

MOSRLPVLLLLGLLVRPGLOAPMTOTTPLKTSWVNCSKNM
IDENTHI KOPPLPLLDFNNLNGEDQBILMENNLRRPNLE
AFNRAVKSLONASAIESILKNLLPCLPLATAAPTRHPIHIK
DGDWNEFRRKITFYLKTLENAGAQQTTLSLAIF
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Mouse [1-3

MVLASSTTSIHTMLLLLLMLFHLGLOASISGRDTHRLUTRT
LNCSSIVKENGKLPEPELKTDDEGPSLRNK SFRRYNLSKF
VESQGEVDPEDRY VIKSNLOQKLNCCLPTSANDSALPGVF
IRDLDDFREKLREYMVHLNDLETVLTSRPPOQPASGEVEP
NRGTVEC

Human IL-5

MRMLLHLSLLALGAAYVYAIPTEIPTSALVKETLALLST
HRTLLIANETLRIPVPVHKNHOLCTEEIFQGIGTLESQTV(
GOTVERLFKNLSLIKKYIDGOKKKCGEERRRVNGFLDYL
QEFLGVMNTEWIIES

134

Mouse IL-5

MRRMLLHLSVLTLSCYWATAMEIPMSTYVVKETLTOLSA
HRALLTSKNETMRLPVPTHKNHOLCIGEIFQGLDILKNGT
VYRGGTVEMLFOQNLSLIKKYIDROKEKCGEERRRTRQFLD
YLQEFLGVMSTEWAMEG

135

Human GM-CSF

MWLOQSLLLLGTVACSISAPARSPSPSTOPWEHVNAIGEA
RRLENLSRDTAAEMNETVEVISEMEDLOQEPTCLQTRLEL
YROQGLRGSLTKLKGPLTMMASHYRKQHCPPTPETSCATQ!
ITFESFKENLKDFLLVIPFDOWEPVQE

136

Mouse GM-CSF

MWLONLLFLGIVVYSLSAPTRSPITVTRPWKHVEAIKEA
LNLLDDMPVTLNEEVEVVSNEFSFKKLTCVQTRLKIFEQ
GLRONFTRLKGALNMTASYYQTYCPPTPETDCETOQVTT
YADFIDSLKTFLTDIPFFECKKPGQK

e
[
NG

Human [L-6

MNSFSTSAFGPYAFSLGLLLYVLPAAFPAPVPPGEDSKDY
AAPHROPLTSSERIDKQIR YILDGISALRKETCNK SNMCE
SSKEALAENNLNLPKMAEKDGCFQSGFNEETCLVKIITG
LLEFEVYLEYLQNRFESSEEQARAVQMSTK VLIQFLOKK
AKNLDAITTPDPTTNASLLTKLOAONOWLODMTTHLILR
SFKEFLOSSLRALRQM

Mouse IL-6

MEKFLSARDFHPVAFLGLMLVTTTAFPTSQVRRGDFTEDT
TPNRPVYTTSOVOGOGLITHVEWEIVEMRKELCNGNSDCM
NNDDALAENNLKLPEIQRNDGCYQTGYNQEICLLKISSG
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LLEYHSYLEYMKNNLEDNKKDKARVLOQRDTETLIHIFN
QEVEDLHKIVEPTPISNALLTDKLESGKEWLRTKTIOQFIL
KSLEEFLKVTLRSTRQT

139

Human [L-11

MNCVCRLVLVVLSLWPDTAVAPGPPPGPPRVYSPDPRAEL
DSTVLLTRSLLADTROGLAAQLRDEKFPADGDHNLDSLPTL
AMSAGALGALQLPGVLTRLRADLESYLRHVOWLRRAG
GSSLKTLEPELGTLOQARLDRLLRRLOLLMSRLALPQPPPD
PPAPPLAPPSSAWGGIRAAHATLGGLHLTLDWAVRGLLL
LKTRL

140

Mouse IL-11

MNCVCRLVLVVLSLWPDRVVAPGPPAGSPRVSSDPRAD
LDSAVLLTRSLLADTRQLAAQMRDKFPADGDHSLDSLP
TLAMSAGTLGSLOLPGVLTRLRYVDLMSYLRHYOQWLRR
AGGPSLKTLEPELGALQARLERLLRRLOLLMSRLALPQA
APDOPVIPLOPPASAWGSIRAAHAL GGLHLTLDWAVRG
LLLLKTRL

Human G-CSF

MAGPATQOSPMELMALOQLLLWHSALWTVQEATPLGPAS
SLPQSFLLKCLEQOVRKIQGDGAALOEKLVSECATYKLCH
PEELVLLGHSLGIPWAPLSSCPSQALQLAGCLSQLHSGLF
LYQGLLOALEGISPELGPTLDTLOLDVADFATTIWQQOME
ELGMAPALQPTQGAMPAFASAFQRRAGGVLVASHLQSF
LEVSYRVLRHLAQP

142

Mouse G-CSF

MAQLSAQRRMKLMALOLLLWQSALWSGREAVPLYTVS
ALPPSLPLPRSFLLKSLEQVRKIQASGSVLLEQLCATYKL
CHPEELVLLGHSLGIPKASLSGCSSQALQQOTQCLSQLHSG
LCLYQGLLOALSGISPALAPTLDLLOLDVANFATTIWQQ
MENLGVAPTVQPTQSAMPAFTSAFQRRAGGVLAISYLQ
GFLETARLALHHLA

143

Human [L-12 alpha

MCPARSLELVATLVLLDHLSLARNLPVATPDPGMEPCLH
HSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDNC
TSTVEACLPLELTENESCLNSRETSFITNGSCLASRKTSE

MMALCLSSIYEDEKMYQVEFKTMNAKLELMDPKRQIFLD

161
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ONMUAVIDELMQALNENSETVPOKSSLEEPDFYKTKIKL
CILLHAFRIRAVTIDRVMSYLNAS

144

Human [L.-12 beta

MCHQOLVISWHFSLVFLASPLVAIWELKKDVYVVELDWY
PDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTLTE

QVKEFGDAGQYTCHKGGEVESHSLLLLHEKEDGIWSTD
HKDOKEPKNKTFLRCEAKNYSGRFICWWLTTISTDLTF

SVKSSRGSSDPOGVTCGAATLSAERVRGDNKEYEYSVE

CQEDSACPAAEESE PIEVMVYDAVHKLKYENYTSSFFIRDE
IKPDPPKNLOLKPLENSROVEVSWEYPDTWSTPHSYFSL
TFCVOVOGKSKRERKKDRVETDKTSATVICRKNASISVRA
ODRYYSSSWSEWASVPCS

145

Mouse IL-12 beta

MCPQKLTISWFAIVLLVSPLMAMWELEKDVYVVEVDW
TPDAPGETVNLTCDTPEEDDITWTSDORHGVIGSGK TLTI
TVKEFLDAGQY TCHKGGETLSHSHLLLHKKENGIWSTEL
LKNFKNKTFLKCEAPNYSGRFTCSWLVQRNMDLKFNIK
SSSSSPDSRAVTCGMASLSAEKVTLDGRDYEKYSVSCQR
DVTCPTAEETLPIELALEARQQNK YENYSTSFFIRDIKPD
PPEKNLOMKPLKNSQVEVSWEYPDSWSTPHSYFSLKFFV
RIQRKKEKMKETEEGCNQKGAFLVEKTSTEVQCKGGNY
CYQAQDRYYNSSCSKWACVPCRVRS

146

Mouse IL~12 alpha

MCQSRYLLFLATLALLNHLSLARVIPVSGPARCLSQSRN
LEKTTDDMVKTAREKEKHYSCTAEDIDHEDITRDOTSTL
KTCLPLELHENESCLATRETSSTTRGSCLPPOKTSLMMT
LCLGSIYEDLEKMYQTEFQAINAALQNHNHQCILDKGML
VAIDELMQSLNHNGETLROKPPVGEADPYRVKMKLCIL
LHAFSTRVVTINRVMGYLSSA

147

Human LIF

MKVLAAGYVPLLLYLHWKHGAGSPLPITPVNATCAIRH
PCHNNLMNQIRSQLAQLNGSANALFILY YTAQGEPFPNN
LDKLCGPNVTDFPPFHANGTEKAKLVELYRIVVYLGTSL
GNITRDQKIENPSALSLHSKLNATADILRGLLSNVLCRLC

162
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SKYHVGHVDVTYGPDTSGEKDVFOQKEKLGCQLLGEYK(O
HAVLAQAF

MKVLAAGIVPLLLLVLHWKHGAGSPLPITPVNATCAIRH
PCHGNLMNGQIKNOLAQLNGSANALFISYYTAQGEPFPNN
VEKLCAPNMTDFPSFHGNGTEKTKLVELYRMVAYLSAS
LTNITRDOKVLNPTAVSLOQVKLNATIDVMRGLLSNVLCR
LCNKYRVGHVDVPPVPDHSDKEAFORKKLGCOLLGTY
KQVISVVVQAF

MGVLLTORTLLSLVLALLFPSMASMAAIGSCSKEYRVLL
GOLOKQTDLMODTSRLLDPYIRIQGLDVPKLREHCRERP
GAFPSEETLRGLGRRGFLOTLNATLGCVLHRLADLEQRL
PKAQDLERSGLNIEDLEKLOMARPNILGLRNNIYCMAQL
LDNSDTAEPTKAGRGASQPPTPTPASDAFORKLEGCRFL
HGYHRFMHSVGRVFSKWGESPNRSRRHSPFHQALRKGY
RRTRPSRKGKRLMTRGOLPR

MOTRLLRTLLSLTLSLLILSMALANRGCSNSSSQLLSOLQ
NQANLTGNTESLLEPYIRLONLNTPDLRAACTOHSVAFP
SEDTLRQLSKPHFLSTVYTTLDRVLYQLDALROQKFLKTP
AFPKLDSARHNILGIRNNVFCMARLLNHSLEIPEPTQTDS
GASRSTTTPDVFNTKIGSCGFLWGYHRFMGSVGRVFRE
WDDGSTRSRROSPLRARRKGTRRIR VRHKGTRRIRVRRK
GTRRIWVRRKGSRKIRPSRSTQSPTTRA

MHSSALECCLVLLTGVRASPGQGTQSENSCTHFPGNLPN
MLRDLRDAFSRVETFFOMKDOLDNLLLKESLLEDFKGY
LGCQALSEMIGFYLEEVMPOQAENQDPDIKAHYNSLGEN
LKTLRLRURRCHRFLPCENKSKAVEQVKNAFNKLQEKGI
YRAMSEFDIFINYIEAYMTMEKIRN

WO 2022/197764

148 Mouse LIF
149 Human OSM
150 Mouse OSM
i51 Human IL-10
152 Mouse 1L-10

MPGSALLCCLLLLTGMRISRGQY SREDNNCTHFPVGQSH
MLLELRTAFSQVKIFFQTKDOLDNILETDSEMOQDFKGYL
GCOALSEMIQFYLVEVMPOQAEKHGPEIKEHLNSLGEKLK
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TERMRLRRCHRFLPCENKSKAVEQVKSDENKLODOGVY
KAMNEFDIFINCIEAYMMIKMKS

153 Human [L-20 MEKASSLAFSLLSAAFYLLWTPSTGLKTENLGSCVIATNL

QEIRNGFSEIRGSVOAKDONIDIRILRRTESLODTKPANRC
CLLRHLLRLYLDRVFKNYQTPDHYTLRKISSLANSFLTIK
KDLRILCHAHMTCHCGEEAMKKYSQILSHFEKLEPQAAY
VKALGELDILLOWMEETE

154

Mouse [L-20

MKGFGLAFGLFSAVOPLLWTPLTGLKTLHLGSCVITANL
QAIQGKEFSEIRDSVOQAEDTNIDIRILRTTESLEDIKSLDRC
CFLRHLVRFYLDRVFKVYQTPDHHTLRKISSLANSFLIK
KDLSVCHSHMACHCGEEAMEKYNQILSHFIELELQAAY
VKALGELGILLRWMEEML

Human IL-14

MKNQDKKNGAAKQSNPKSSPGQPEAGPEGAGERPSQA
APAVEAEGPGSSQAPRKPEGAQARTAQSGALRDVSEELS
RQLEDILSTYCVDNNQGGPGEDGAQGEPAEPEDAEKSRT
YVARNGEPEPTPYVNGEKEPSKGDPNTEEIRQSDEVGDR
DHRRPOEKKKAKGLGKEITLLMOTLNTLSTPEEKLAALC
KKYAFLLEEHRNSQKQMKLLQKKGQSQLVQEKDHLRGE
HSKAVLARSKLESLCRELQRHNRSLKEEGVQRAREEEEK
RKEVTSHFQVTLNDIGLOMEQHNERNSKLRQENMELAE
RLKKLIEQYELREEHIDKVFKHKDLOQQQLVDAKLQOAQ
EMLKEAFERHOREKDFLLKEAVESQRMCELMKQQETH
LKQOLALYTEKFEEFQNTLSKSSEVFTTFKQEMEKMTKK
IKKLEKETTMYRSRWESSNKALLEMAEEK TVRDKELEG
LOVKIQRLEKLCRALQTERNDLNKRVODLSAGGQGSLT
DSGPERRPEGPGAQAPSSPRVTEAPCYPGAPSTEASGQT
GPQEPTSARA

136

Mouse IL-14

MENQDEKKNGPAKHSNSKGSPGOREAGPEGAHGRPROT
APGAEAEGSTSQAPGKTEGARAKAAQPGALCDVSEELS
RGLEDILSTYCVDNNQGGPAEEGAQGEPTEPEDTEKSRT
YAARNGEPEPGIPVVNGEKETSKGEPGTEEIRASDEVGD
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RDHRRPOEKKK AKGLGKEITLLMOTLNTLSTPEEKLAAL
CKKYAELLEEHRNSQKOMKLLOKKQSOLVOEKDHLRG
EHSKAVLARSKLESLCRELQRHNRSLKEEGVQRAREEEE
KRKEVTSHFQVTLNDIQLOMEQHNERNSKLRQENMELA
FRLKKLIEQYELREEHIDKVFKHKDLOQQLVDAKLQOA
OEMLKEAFERHOREKEFLLKEAVESQRMCELMKQOET
HLKQQLALYTEKFEEFQNTLSKSSEVFTTFKQEMEKMTK
KIKKLEKETTMYRSRWESSNKALLEMAEEKTVRDKELE
GLOVKIORLEKLCRALQTERNDLNKRVODLTAGGITDIG
SERRPEATTASKEQGVESPGAQPASSPRATDAPCCSGAPS
TGTAGQTGPGEPTPATA

=

Human [L-16

MESHSRAGKSRKSAKFRSISRSLMLONAKTSDDGSSPDE
KYPDPFEISLAQGKEGIFHSSVQLADTSEAGPSSVPDLAL
ASEAAQLOAAGNDRGKTCRRIFFMEESSTASSREKPGKL
EAQSSNFLFPKACHORARSNSTSVNPYCTREIDFPMTKE
SAAPTDROPYSLOSNREKSLSQQLDCPAGKAAGTSRPTRS
LSTAQLVOPSGGLOASVISNIVEMKGQAKGLGESIVGGK
DSIYGPIGIY VKTIFAGGAAAADGRLOQEGDEILELNGESM
AGLTHODALOKFKQAKKGLLTLTVRTRLTAPPSLCSHLS
PPLCRSLSSSTCITKDSSSFALESPSAPISTAKPNYRIMVEY
SLOKEAGVOLGIGLCSYPYFOQCISGIFVHTLSPGRVAHLD
GRLRCGDEIVEISDSPVHCLTLNEVYTILSHCDPGPVPITY
SRHPDPOVSEQOLKEAVAQAVENTEKFOGKERHOWSLEGY
KRLESSWHGRPTLEKEREKNSAPPHRRAQKVMIRSSSDS
SYMSGSPGGSPGRGSAEKPSSDVDISTHSPSLPLAREPVY
LEIASSRLPCQESPPLPESRDSHPPLRLKKSFEIVREKPMSSKP
KPPPREKYFKSDSDPOQRKSLEERENSSCSSGHTPPTCGOEAR
ELLPLLLPQEDTAGRSPSASAGCPGPGIGPOQTKSSTEGEP
OWRRASPVTQTSPIKHPLLKROGARMDYSFDTTAEDPWY
RISDCIKNLFSPIMSENHGHMPLOPNASLNEEEGTOGHPD
GTPPKLDTANGTPKVYKSADSSTVKKGPPVAPKPAWFR
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QSLKGLRNRASDPRGLPDPALSTQOPAPASREHLGSHIRAS
SSSSSIRORISSFETFGSSQLPDKGAQRLSLOPSSGEAAKP

LGKHEEGRFSGLLGRGAAPTLVPQQPEQVLSSGSPAASE

ARDPGVSESPPPGROPNOKTLPPGPDPLLRLLSTOAEESQ
GPVLKMPSQRARSFPLTRSQSCETKLLDEKTSKLYSISSQ
VSSAVMKSLLCLPSSISCAQTPCIPKEGASPTSSSNEDSAA
NGSAETSALDTGFSLNLSELREY TEGLTEAKEDDDGDHS
SLOSGOSVISLLSSEELKKLIEEVK VLDEATLKQLDGIHY

TILHKEEGAGLGFSLAGGADLENKVITVHRVFPNGLASQ
EGTIOKGNEVLSINGKSLEKGTTHHDALAILRQAREPRQA

VIVTRKLTPEAMPDLNSSTDSAASASAASDVSVESTAEA

TVCTVTLEKMSAGLGFSLEGGK GSLHGDKPLTINRIFKG

AASEQSETVOPGDEILOLGGTAMOGLTRFEAWNIKALP

DGPVTIVIRRKSLQSKETTAAGDS

158 Mouse IL-16

MEPHGHSGKSRKSTKFRSISRSLIECNAKTSDDGSSPDEK
YEDPFETSLCQGKEGFFHSSMQLADTFEAGLSNIPDLALA
SDSAQLAAAGSDROKHCRKMFFMEKESSSTSSKEKSGKP
EAQSSSFLFPKACHORTRSNSTSYVNPYSAGEIDFPMTKES
AAPTDROPYSLCSNREKSLSQOLDYPILGTARPTRSLETAQ
LGQLSGGLOASVISNIVLMEKGQAKGLGFSIVGGKDSIYG
PIGIVVKSIFAGGAAAADGRLOQEGDEILELNGESMAGLT
HODALQKFKQAKKGLLTLTVRTRLTTPPSLCSHLSPPLC
RSLAESSTCGAQDSSPFSLESPASPASTAKPNYRIMVEVSL
KKEAGVGLGIGLCSIPYFQCISGIFVHTLSPGSVAHE DGR
LRCGDEIVEINDSPVHCLTLNEVYTILSHCDPGPVPHVSR
HPDPOVSEQUQLKEAVAQAVEGVKFGRDRHOWSLEGYK
RLESSWHGRPTLEKEREKHSAPPHRRAQKIMVRSSSDSS
YMSGSPGGSPCSAGAEPQPSEREGSTHSPSLSPGEEQEPC
PGVPSRPOQOESPPLPESLERESHPPLRLKKSFEILVRKPTSS
KPKPPPRKYFENDSEPOKKLEEKEKVTDPSGHTLPTCSQ
ETRELIPLTILQEDTAGRAPCTAACCPGPAASTQTSSSTEG

166




WO 2022/197764

PCT/US2022/020492

ESRRSASPETPASPGKHPLLKRQARMDYSFDITAEDPWY
RISDCIKNLFSPIMSENHSHTPLOPNTSLGEEDGTQGCPEG
GLSKMDAANGAPRVYKSADGSTVKKGPPVAPKPAWFR
OSLKGLRNRAPDPRRPPEVASAIQPTPVSRDPPGPQPOAS
SSIRQRISSFENFGSSQLPDRGVORLSLOPSSGETTKFPGK
ODGGRFSGLLGOGATVTAKHROQTEVESMSTTFPNSSEV
RDPGLPESPPPGQRPSTKALSPDPLLRLLTTQSEDTOGPG
LKMPSQRARSFPLTRTQSCETKLLDEKASKLYSISSOQLSS
AVMEKSLLCLPSSVSCGOITCIPKERVSPK SPONNSSAAEG
FGEAMASDTGFSLNLSELREYSEGLTEPGETEDRNHCSS
OQAGOSVISLLSAEBLEKLIEEVRVLDEATLKOLDSIHVTIL
HKEEGAGLGFSLAGGADLENK VITVHRVFPNGLASQEG
TIQKGNEVLSINGKSLKGATHNDALAILRQARDPRQAVI
VTRRTTVEATHDLNSSTDSAASASAASDISVESKEATVC
TVTLEKTSAGLGFSLEGGK GSLHGDKPLTINRIFKGTEQG
EMVQPGDEILQLAGTAVQGLTRFEAWNVIKALPDGPVTI
VIRRTSLOCKOTTASADS

Human [L-17

MTPGKTSLVSLLLLLSLEAIVKAGITIPRNPGCPNSEDKNF
PREVMVNLNIHNRNTNTNPKRSSDY YNRSTSPWNLHRN
EDPERYPSVIWEAKCRHLGCINADGNVDYHMNSVPIOQ
EEVLRREPPHCPNSFRLEKUEVSVGCTCVTPIVHHVA

160

Mouse [1.-17

MSPGRASSVSLMLLLLLSLAATVKAAAIIPQSSACPNTEA
KDFLONVKVNLKVENSLGAK VSSRRPSDYLNRSTSPWT

LHRNEDPDRYPSVIWEAQCRHORCVNAEGKLDHHMNS

VLIQQEIL VLKREPESCPFTFRVEKMLVGVGCTCVASIVR
QAA

161

Human CD154

MIETYNQTSPRSAATGLPISMKIFMYLLTVFLITOMIGSA
LFAVYLHRRLPEIEDERNLHEDFVEMETIQRCNTGERSL
SLINCEEIKSQFEGFVKDIMINKEETKKENSFEMOQKGDO
NPOQIAAHVISEASSKTTSVLOWAEKGYYTMSNNLVTLEN
OKOLTVKRQGLYYIYAQVTFCSNREASSQAPFIASLCLK

167
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SPGRFERILLRAANTHSSAKPCGOQOQSHLGGVEELQPGAS
VEVNVTDPSQVSHGTGFTSFGLLKL

162

Mouse CD154

MIETYSQPSPRSVATGLPASMKIFMYLLTVFLITOMIGSY
LEFAVYLHRRLDKVEEEVNLHEDFVFIKKLKRCNKGEGSL
SLINCEEMRROFEDLVEKDITENKEEKKENSFEMORGDE
DPOIAAHVVSEANSNAASVLOWAKKGY YTMKSNLVML
ENGROLTVKREGLYYVYTQVTFCSNREPSSQRPFIVGLW
LKPSSGSERILEKAANTHSSSQLCEQQSVHLGGVEELQA
GASVEFVNVTEASQVIHRVGFSSFGLLKL

Human LT-beta

MGALGLEGRGGRLOQGRGSLLLAVAGATSLYTLLLAVPI
TVLAVLALVPODOGGLVTETADPGAQAQQGLGFQKLPE
EEPETDLSPGLPAAHLIGAPLKGQGLGWETTKEQAFLTS
GTQFSDAEGLALPODGLYYLYCLVGYRGRAPPGGGDPO
GRSVTLRSSLYRAGGAYGPGTPELLLEGAETVTPVLDPA
RROGYGPLWYTSVGFGGLVOLRRGER VY VNISHPDMY
DFARGKTFFGAVMVG

164

Mouse L T-beta

MGTRGLOGLGGRPOGRGCLLLAVAGATSLYTLLLAVEI
TVLAVLALVPQDQGRRVEKIIGSGAGQAQKRLDDSKPSCI
LPSPSSLEETPDPRLHPORSNASRNLASTSQGPVAQSSRE
ASAWMTILSPAADSTPDPGVOQLPKGEPETDLNPELPAA
HLIGAWMSGQGLSWEASQEEAFLRSGAQFSPTHGLALP
ODGVYYLYCHVGYRGRTPPAGRSRARSLTLRSALYRAG
GAYGRGSPELLLEGAETVTPVVDPIGYGSLWYTSVGFGG
LAQLRSGERVY VNISHPDMVDYRRGKTFFGAVMVYG

165

Human TNF-alpha

STESMIRDVELAEEALPRKKTGGPOQGSRRCLFLSLESFLIV
AGATTLFCLLHFGVIGPOREEFPRDLSLISPLAQAVRSSSR
TPSDEKPVAHVVANPOQAEGQLOWLNRRANALLANGVEL
RDNQLVVPSEGLYLIYSQVLFKGQGCPSTHVELTHTISRI
AVIYQTKVNLLSAIKSPCORETPEGAEAKPWYEPIYLGG
VFQLEKGDRLSAEINRPDYI DFAESGQVYFGHAL

163
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166

Mouse TNF-alpha

NHOVEEQLEWLSQRANALLANGMDLKDNGLVVPADGL
YLVYSQVLFKGQGCPRYVLLTHTVSRFAISYQEKVNLLS
AVKSPCPKDTPEGAELKPWYEPIYLGGVFQLEKGDQLSA
EVNLPKYLDFAESGOVYFGVIAL

167

Human TNF-beta

MTPPERLFLPRVCGTTLHLLLLGLLLVLLPGAQGLPGVYG
LTPSAAGTARQHPKMHLAHSTEKPAAHLIGDPSKQNSLL
WRANTDRAFLOQDGFSLENNSLLVPTSGIYFVYSQVVESG
KAYSPKATSSPLYLAHEVQLFSSQYPFHVPLLSSQKMVY
PGLOQEPWLHSMYHGAAFQLTQGDOLSTHTDGIPHLVLS
PSTVFFGAFAL

Human 4-18BBL

MEYASDASLDPEAPWPPAPRARACRVLPWALVAGLLLL
LELAAACAVFLACPWAVSGARASPGSAASPRLREGPELS
PRDPAGLLDLROGMFAQLVAQNVLLIDGPLSWYSDPGL
AGVSLTGGLSYKEDTKELVVAKAGVYYVFFOLELRRYY
AGEGSGSVSLALHLOPLRSAAGAAALALTVDLPPASSEA
RNSAFGFQGRLLHLSAGORLGVHLHTEARARHAWOLT
QGATVLGLFRVTPEIPAGLPSPRSE

169

Mouse 4-1BBL

MDOHTLDVEDTADARHPAGTSCPSDAALLRDTGLLADA
ALLSDTVRPTNAALPTDAAYPAVNYVRDREAAWPPALNF
CSRHPKLYGLVALVLLLLIAACVPIFTRTEPRPALTITTSP
NLGTRENNADQVTPVSHIGCPNTTQOQGSPVFAKLLAKN
QASLCNTTLNWHSODGAGSSYLSQGLRYEEDKKELVVYD
SPGLYYVFLELKLSPTFTNTGHKVQGW VELVLQAKPOY
DDFDNLALTVELFPCSMENKLYDRSWSOQLLLLKAGHRL
SVGLRAYLHGAQDAYRDWELSYPNTTSFGLFLVKPDNP
WE

Human APRIL

AVLTQRKOGKKOHSVLHLVPINATSKDBDSDVTEVMWQPA
LRRGRGLQAQGYGVRIODAGYYLLYSQVLFODVTFTM
GOVVIREGOGROQETLFRCIRSMPSHPDRAYNSCYSAGVF
HLHQGDILSVIIPRARAKI NLSPHGTFLGFVKL

169
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MPASSPGHMGGSVREPALSVALWLSWGAVLGAVTCAV
ALLIQQTELQSLRREVSRLORSGGPSQKQGERPWQSLWE
QSPDVLEAWKDGAKSRRRRAVLTQKHKKKHSVLHLVP
VNITSKADSDVTEVMWOPVLRRGRGLEAQGDIVRVWD
TGIYLLYSQVLFHDVTFTMGQVVSREGOGRRETLFRCIR
SMPSDPDRAYNSCYSAGVFHLHOGDIITVKIPRANAKLS
LSPHGTFLGFVKL

MPEEGSGCSVRRRPYGCVLRAALVPLYAGLVICLVVCIQ
RFAQAQQOLPLESLGWDVAELOLNHTGPQODPRLYWQ

GGPALGRSFLHGPELDKGQLRIHRDGIYMVHIQVTLAICS
STTASRHHPTTLAVGICSPASRSISLLRLSFHOGCTIASOR
LTPLARGDTLCTNLTGTLLPSRNTDETFFGVOWVRP

MPEEGRPCPWVRWRGTAFQROWPWLLLVVFITVFCCW
FHCSGLLSKQQQRLLEHPEPHTAELQENLTVPRKDPTLR
WEAGPALGRSFTHGPELEEGHLRIHODGLYRLHIQVTLA
NCSSPGSTLOHRATLAVGICSPAAHGISLLRGRFGODCTY
ALQRLTYLVHGDVLCTINLTLPLLPSRNADETFFGYQWIC
p

MBPPGLOQALNGMAPPGDTAMHVPAGSVASHLGTTSRS
YEYLTTATLALCLVFTVATIMVLVYQRTDSIPNSPDNVPL
KGONCSEDLLCILKRAPFKESWAYLOVAKHLNKTRLSW
NKDGHLHGVRYQDOGNLVIGFPGLYFIICQLOFLVQUPNNS
VDLELELLINKHIKKQALVTVCESGMOQTRHVYQNLSQF
LEDYLOVNTTISVNVETFQYIDTSTFPLENVLSIFLYSNSD

WO 2022/197764

171 Mouse APRIL
172 Human CD70
173 Mouse CD70
174 Human CDB153
175 Mouse CI153

MEPGLOQAGSCGAPSPDPAMOQVOPGSVASPWRSTRPWR
STSRSYFYLSTTALVCLVVAVAHLVLVVQKKDSTPNTTE
KAPLKGGNCSEDLFCTLKSTPSKKSWAYLQVSKHLNNT
KLSWNEDGTIHGLIYQDGNLIVQFPGLYFIVCQLGFLVQ
CSNHSVDLTLOLLINSKIKKQTLVTVCESGVOSKNIYQNL
SOFLLHYLQVNSTISVRVDNFQYVDTNTFPLDNVLSVFL
YSSSD

170
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MOOPINYPYPOIYWVDSSASSPWAPPGTVLPCPTSVPRR
PGORRPPPPPPPPPLPPPPPPPPLPPLPLPPLKKROGNHSTGL
CLLVMFFMVLVALVGLOLGMFOQLFHLOKELAFLRESTS
OMHTASSLEKQIGHPSPPPEKKELRKVAHLTGKENSRSM
PLEWEDTYGIVLLSGVKYKKGGLVINETGLYFVYSKVYF
RGOSCNNLPLSHKVYMRNSKYPODLVMMEGKMMSYC
TTGOMWARSSYLGAVENLTSADHEYVNVSELSLVNFEE
SQTFFGLYKL

MOOPMNYPCPQIFWVDSSATSSWAPPGSVEPCPSCGPRG
PDORRPPPPPPEVSPLPPRSOPLPLPPLTPLKKEDHNTNLW
LPVVFFMVLVALVOGMGLOMYQLFHLOKELAELREFTN
QSLEVSSFEKQIANPSTPSEKKEPRSVAHLTGNPHSRSIPL
EWEDTYGTALISGVKYKKGGLVINETGLYFVYSKVYEFR
GOSCNNQPLNHKVYMRNSKYPEDLVLMEEKRLNYCTT
GOIWAHSSYLGAVENLTSADHLYVNISQLSLINFEESKTE
FGLYKL

MTLHPSPITCEFLFSTALISPKMCLSHLENMPLSHSRTOG

AQRSSWKLWLFCSIVMLLFLOCSFSWELIFIFLOQLETAKEPC
MAKFGPLPSKWOMASSEPPCYNKVSDWKLEILONGLYL
IYGOVAPNANYNDVAPFEVRLYKNKDMIQTLTNKSKIQ

NYGGTYELHVGDTIDLIFNSEHQVLEKNNTYWGIILLANP

QFIS

MEEMPLRESSPORAERCKKSWLLCIVALLLMLLCSLGTL
YTSLKPTAIESCMVKFELSSSKWHMTSPRKPHCYNTTSD
GKLKILGSGTYLIYGQVIPVDKKYIKDNAPFVVQIYKKN
DVLOTEMNDFOQILPIGGVYELHAGDNIYLKFNSKDHIQK
TNTYWGHLMPDLPFIS

WO 2022/197764

176 Human CB178
177 Mouse CI3178
178 Houman GITRL
179 Mouse GITRL
180 Human LIGHT

MEESVVRPSVEVVDGOQTDIPFTRLGRSHRRQSCSVARVG
LGLLLELMGAGLAVQGWELLQLHWRLGEMVTRLPDGP
AGSWEQGLIQERRSHEVNPAAHL TGANSSLTGSGGPLLW

ETOLGLAFLRGLSYHDGALVVTRKAGYYYIYSKVOLGGY

171
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GUPLGLASTITHGLYKRTPRYPEELELLVSQOSPCGRATS
SSRVWWDSSFLGOVVHLEAGEKVVVRVLDERLVRLRD
GTRSYFGAFMY

181

Mouse LIGHT

MESVVQPSVEVVDGOQTDIPFRRLEQNHRRRRCGTVQVS
LALVLLLGAGLATQGWEFLLRLHORLGDIVAHLPDGGKG
SWEKLIGDORSHOANPAAHEL TGANASLIGIGGPLEWETR
LGLAFLRGLTYHDGALVTMEPGYYYVYSKVQLSGVGCP
QGLANGLPITHGLYKRTSRYPKELELLVSRRSPCGRANS
SRVWWDSSFLGOVVHLEAGEEVVVRVPONRLVRPRDG
TRSYFGAFMV

Human OGX40L

MERVOPLEENVGNAARPRFERNKLLLVASVIQGLGLLLL
FTYICLHFSALQVSHRYPRIQSIKVOFTEYKKEKGFILTS(
KEDEIMKVONNSVINCDGFYLISLEGYFSQEVNISLEYQ
KDEEPLFOLKKVRSVNSLMVASLTYKDKVYLNVTTDNT
SLDBDFHVNGGELILIHONPGEFCVL

183

Mouse OX40L

MEGEGYQPLDENLENGSRPRFKWEKTLRLVVSGIKGAG
MLLCFIYVCLQLSSSPAKDPPIQRLRGAVTIRCEDGQOLFIS
SYKNEYQTMEVONNSVVIKCDGLYHYLKGSFFQEVKID
LHFREDHNPISIPMLNDGRRIVFIVVASLAFKDKVYLTV
NAPDTLCEHLQINDGELIVVQLTPGYCAPEGSYHSTVNQ
v

184

Human TALL-1

MDDSTEREQSRLTSCLKEREEMELKECVSILPRKESPSY
RSSKDGKLLAATLLEALLSCCLTVVSEFYQVAALQGDLAS
LRAELOQGHHAEKLPAGAGAPKAGLEEAPAVTAGLKIFEP
PAPGEGNSSONSRNEKRAVOQGPEETVTQDCLOLIADSETP
TIQKGSYTFVPWLLSFKRGSALEEKENKILVKETGYFFIY
GOVLYTDKTY AMOGHLIQRKEVHVEGDELSLVTLFRCIG
NMPETLPNNSCYSAGIAKEEEGDELQLAIPRENAQISLDG
DVTFFGALKLL
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185

Mouse TALL-1

MAMAFCPKDQYWDSSRESCVSCALTCSQRSQRTCTDFC
KFINCRKEQGRY YDHLLGACVSCDSTCTQHPQQCAHEC
EKRPRSQANLQPELGRPQAGEVEVRSDNSGRHQGSEHG
PGLRLSSDOLTLYCTLGYCLCAIFCCFLVALASFLRRRGE
PLPSQPAGPRGSQANSPHAHRPVTEACDEVTASPQPVET
CSFCFPERSSPTQESAPRSLGIHGFAGTAAPQPCMRATVG
GLGVLRASTGDARPAT

186

Human TRAIL

MAMMEVOQGGPSLGQTCVLIVIFTVLLOGSLCVAVTYVYF
TNELKOMODKYSKSGIACFLKEDDSYWDPNDEESMNSP
CWOVEKWOLROLVRKMILRTSEETISTYQEKQONISPLYR
ERGPORVAAHITGTRGRSNTLSSPNSKNEKALGRKINSW
ESSRSGHSFLSNLHLRNGELVIHEKGEFYYIYVSQTYFRFQE
EIKENTKNDKOMVOYIYKYTSYPDPILLMEKSARNSCWS
KDAEYGLYSIYOQGGIFELKENDRIFVSVINEHLIDMDHE
ASFFGAFLVG

(e]
~3

Mouse TRAIL

MPSSCGALKDLSFSQHFRMMVICIVELOVELQAVEVAVTY
MYFINEMKQGLOQDNYSKIGLACFSKTDEDFWDSTDGEIL
NRPCLOVKROLYQLIEEVTLRTFQDTISTVPEKQLSTPPL
PRGGRPOKVAAHITGITRRSNSALIPISKDGKTLGOKIES
WESSRKGHSFLNHVLFRNGELVIEQEGLYYIYSQTYFRF
QEAEDASKMVSKDKVRTKOEVOYIYKYTSYPDPIVEMK
SARNSCWSRDAEYGLYSIYOGGLFELKKNDRIFVSVTINE
HIMDLDQEASFFGAFLIN

188

Human TWEAK

MAARRSQRRRGRRGEPGTALLVPLALGLGLALACLGLL
LAVVSLGSRASLSAQEPAQEELVAEEDQDPSELNPOTEE
SODPAPFLNRLVRPRRSAPKGRKTRARRAIAAHYEVHPR
PGODGAQAGVDGTVSGWEEARINSSSPLRYNRQIGEFIV
TRAGLYYLYCQVHFDEGKAVYLKLDLLVDGVLALRCL
EEFSATAASSLGPQLRLCQVSGLLALRPGSSLRIRTLPWA
HLKAAPFLTYFGLFQVH

173
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189 Mouse TWEHAK MASAWPRSLPQILVLGFGLVLMRAAAGEQAPGTSPCSS
GSSWSADLDKCMDCASCPARPHSDFCLGCAAAPPAHFR
LEWPILGGALSLYVLVLALVSSFLVWRRCRRREKFTTPIEE
TGGEGCPGVALIY

190 Human TRANCE | MRRASRDYTKYLRGSEEMGGGPGAPHEGPLHAPPPPAP

HQPPAASRSMEFVALLGLGLGOVVCSVALFFYFRAQMDYP
NRISEDGTHCIYRILRLHENADFQDTTLESQDTKLIPDSCR
RIKQAFQGAVOKELQRIVGSQHIRAEKAMYDGSWLDLA
KRSKLEAQPFAHLTINATDIPSGSHKVSLSSWYHDRGWA
KISNMTFSNGKLIVNQDGEFYYLYANICFRHHETSGBLAT
EYLOLMVYVTKTSIKIPSSHTLMEKGGSTKYWSGNSEFHF
YSINVGGFFKLRSGEEISIEVSNPSLLDPRBODATYFGAFK
VRDID

191

Mouse TRANCE

MRRASRDYGKYLRSSEEMGSGPGVPHEGPLHPAPSAPA
PAPPPAASRSMFLALLGLGLGOVVCSIALFLYFRAQMDP
NRISEDSTHCFYRILRLHENADLQODSTLESEDTLPDSCRR
MEQAFQGAVQKELQHIVGPORFSGAPAMMEGSWLDVA
QROKPEAQPFAHLTINAASIPSGSHKVTLSSWYHBRGWA
KISNMTLSNGKLRVNQDGFYYLYANICFRHHETSGSVPT
DYLOLMVYVVKTSIKIPSSHNLMEGGSTKNWSGNSEFH
FYSINVGGFFKLRAGEEISIQVSNPSLLDPDQDATYFGAF
KVODID

192

Human TGEF-betal

MPPSGLRLLLLLLPLLWLLVLTPGRPAAGLSTCKTIDME
LVKRKRIEAIRGQILSKLRLASPPSQGEVPPGPLPEAVEAL
YNSTRDRVAGESAEPEPEPEADYYAKEVTRVLMVETHN
EIYDKFKQOSTHSIYMEFFNTSELREAVPEPVLLSRAELRLL
REKLKVEQHVELYOQKYSNNSWRYLSNRLLAPSDSPEWL
SFDVTGVVROWLSRGGEIEGFRLSAHCSCDSRDNTLGY
DINGFTTGRRGDLATIHGMNRPFLLLMATPLERAQHLQS
SRHRRALDTNYCFSSTEKNCCVROLYIDFREKDLOGWKWI
HEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNGHNPG

174
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ASAAPCCVPOQALEPLPIVYYVGREKPKVEQLSNMIVRSCK
CSs

Mouse TGF-betal

MPPSGLRLLPLLLPLPWLLVLTPGRPAAGLSTCKTIDMEL
VERKRIEAIRGQILSKLERLASPPSQGEVPPGPLPEAVLAL
YNSTRDRVAGESADPEPEPEADYYAKEVTRVLMVDRNN
AIYEKTKDISHSIYMEFNTSDIREAVPEPPLLSRAEL RIOQR
LESSVEQHVELYQKYSNNSWRYLGOGNRLLTPTDTPEWLS
FDVTGVVROWLNQGDGIQGFRFSAHCSCDSKDNKLHVE
INGISPKRRGDLGTIHDMNRPFLLLMATPLERAGHLHSSR
HRRALDTNYCEFSSTEKNCCVROQLYIDFRKDLGWKWIHE
PKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGAS
ASPCCVPOALEPLPIVYYVORKPRKVEQLSNMIVRSCKCS

194

Human TGEF-beia?

MHYCVLSAFLILHEVTVALSLSTCSTLDMBDQFMREKRIEA
IRGOILSKLKLTSPPEDYPEPEEVPPEVISIYNSTRDLLQEK
ASRRAAACERERSDEEYYAKEVYKIDMPPFFPSENAIPPT
FYRPYFRIVRFDVSAMEKNASNLVKAEFRVFRLONPKAR
VPEQRIELYQILKSKDLTSPTGRYIDSKVVKTRAEGEWLS
FDVTDAVHEWLHHKDRNLGFKISLHCPCCTFVPSNNYIL
PNKSEELEARFAGIDGTSTYTSGDOKTIKSTRKKNSGKTP
HLLLMLEPSYRLESQOTNRRKKRALDAAYCFRNVQDNC
CLRPLYIDFKRDLOWKWIHEPKGYNANFCAGACPYL WS
SDTOHSRVLSLYNTINPEASASPCOVSQDLEPLTILYYIGK
TPKIEQLSNMIVKSCKCS

[
O
A

Mouse TGF-betaZ

MHYCVLSTFLLLHEVPVALSLSTCSTLDMDQFMRKRIEA
IRGOILSKLKLTSPPEDYPEPDEVPPEVISIYNSTRDLEQEK
ASRRAAACERERSDEEYYAKEVYKIDMPSHLPSENAIPP
TFYRPYFRIVRFDVSTMEKNASNLVKAEFRVFRLONPKA
RVAEQRIELYQILKSKDLTSPTORYIDSKVVKTRAEGEW
LSFDVTDAVOEWLHHKDRNLGFKISLHCPCCTFVPSNNY
HPNKSEELEARFAGIDOTSTYASGDOKTIKSTREKTSGKT
PHLLIMILLPSYRLESQOSSRRKKRALDAAYCFRNVQDN

175




WO 2022/197764 PCT/US2022/020492
CCLRPLYIDFKRDLGWEKWIHEPKGYNANFCAGACPYLW
SSDTQHTKVLSLYNTINPEASASPCCYVSQDLEPLTILYYIG
NTPKIEQLSNMIVKSCKCS

196 Human TGF-betad | MKMHLQRALVVLALLNFATVSLSLSTCTTLDFGHIKKK

RVEAIRGQILSKLRLTSPPEPTYVMTHVPYOQVLALYNSTRE
LEEEMHGEREEGCTOQENTESEY YAKEIHKFDMIQGLAEH
NELAVCPKGITSKVFRFNVSSVEKNRTNLFRAEFRVLRY
PNPSSKRNEQRIELFQULRPDEHIAKQRYIGGKNLPTRGT
AEWLSFDVTDTVREWLLRRESNLGLEISIHCPCHTFOPN
GDILENIHEVMEIKFKGVDNEDDHGRGDLGRLKKQKDH
BNPHLIEMMIPPHRLDNPGQGGORKKRALDTNYCFRNL
EENCCVRPLYIDFRODLGWKWVHEPKGYYANFCSGPRCP
YLRSADTTHSTVLGLYNTLNPEASASPCCVPODLEPLTIL
YYVGRTPKVEQLSNMVVESCKCS

197

Mouse TGEF-beta3

MHLOQRALVVLALLNLATISLSLSTCTTLDFGHIKKERVE
AIRGOILSKLRUTSPPEPSVMTHVPYQVLALYNSTRELLE
EMHGEREEGCTQETSESEYYAKEIHKFDMIQGLAEHNEL
AVCPRGITSKVERFNVSSVEKNGTNLFRAEFRVLRVPNP
SSKRTEQRIELFOILRPDEHIAKQRYIGGKNLPTRGTAEW
LSFBVTDTVREWLLRRESNLGLEISIHCPCHTFOPNGDIL
ENVHEVMEIKFKGVDNEDDHGRGDLGREKKQKDHHNP
HLILMMIPPHRLDSPGOGSQREKKRALDTNYCFRNLEENC
CVRPLYIDFROQBLGWKWVHEPKGY YANFCSGPCPYLRS
ADTTHSTVLGLYNTLNPEASASPCCVPODLEPLTILYYY
GRTPKVEQGLSNMVVKSCKCS

Human EPO

MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVL
ERYLLEAKEAENITTGCAEHCSLNENITVPDTKVNFYAW
KRMEVGQOQAVEVWOGLALLSEAVLRGQALLVNSSQPW
EPLGLHVDKAVSGLRSLTTLLRALGAQKEAISPPDAASA
APLRTITADTIFRELFRVYSNFLRGKLKLYTGEACRTGDR

176
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199

Mouse BEPO

MGVPERPTLLLLLSLLLIPLGLPVLCAPPRLICDSRVLERY
ILEAKEAENVTMGCAEGPRLSENITVPDTK VNFY AWKR
MEVEEQAIEVWQGLSLLSEAILQAQALLANSSQPPETL(
LHIDK AISGLRSLTSLLRVLGAQKELMSPPDTTPPAPLRT
LTVDTFCKLFRVYANFLRGKLKLYTGEVCRRGDR

200

Human TPO

MELTELLLYVMLLLTARLTLSSPAPPACDLRVLSKLLRD
SHVLHSRLSQCPEVHPLPTPVLLPAVDFSLGEWKTQMEE
TKAQDILGAVTLLLEGVMAARGQLGPTCLSSLLGOLSG
QVRLLLGALOSLLGTOLPPQGRTTAHKDPNAIFLSFOHL
LRGKVRFLMLVGGSTLCVRRAPPTTAVPSRTSLVLTLNE
LPNRTSGLLETNFTASARTTGSGLLKWQOGFRAKIPGLL
NOTSRSLDQIPGYLNRIHELLNGTRGLEPGPSRRTLGAPD
1SSGTSDTGSLPPNLQPGYSPSPTHPPTGQYTLFPLPPTLPT
PVVQLHPLLPDPSAPTPTPTSPLLNTSY THSONLSQEG

Mouse TPO

MELTDLLLAAMLLAVARLTLSSPVAPACDPRLINKLLR
DSHLLHSRLSQCPDVDPLSIPVLLPAVDFSLGEWKTQTE
QSKAQDILGAVSLLLEGVMAARGQLEPSCLSSLLGQLSG
OQVRLLLGALQGLLGTQLPLOGRTTAHKDPNALFLSLQG
LERGKVRFLLLVEGPTLCYRRTLPTTAVPSSTSQLLTLNK
FPNRTSGLLETNFSVTARTAGPGLLSRLOQGFRVKITPGOL
NOQTSRSPVOISGYLNRTHGPYVNGTHGLFAGTSLOTLEAS
DISPGAFNKGSLAFNLOQGGLPPSPSLAPDGHTPFPPSPALP
TTHGSPPOLHPLFPDPSTTMPNSTAPHPVTMYPHPRNLSQ
ET

b
)
N

Human FLT-3L

MTVLAPAWSPTTYLLLLLLLSSGLSGTQDCSFOHSPISSD
FAVKIRELSDYLLODYPYTVASNLODEELCGGLWRLVL
AQRWMERLKTVAGSKMOQGLLERVNTEIHFVTKCAFQPP
PSCLREVOTNISRLLOETSEQLVALKPWITRONFSRCLEL
QCQOPDSSTLPPPWSPRPLEATAPTAPOQPPLLLLLLEPVGL
LELAAAWCLHWORTRRRTPRPOGEQVPEVPSPODLLLVE
H

177




WO 2022/197764

PCT/US2022/020492

Mouse FLT-3L

MIVLAPAWSPNSSLLLLLLLLSPCLRGTPDCYFSHSPISS
NFKVEKFRELTDHLLKDYPVIVAVNLODEKHCKALWSLF
LAQRWIEQLKTVAGSKMOQTLLEDVNTEIHFVTISCTFQPL
PECLRFVQTNISHLLKDTCTOQLLALKPCIGKACONESRCL
EVQCOPDSSTLLPPRSPIALEATEL PEPRPROELELLLILL
PLTLVLLAAAWGLRWORARRRGHLHPGVPLPSHP

204

Human SCF

MEKKTQTWILTCIYLOLLLFNPLYVETEGICRNRVTNNVKD
VTKLEVANLPKDYMITLKYVPGMDVLPSHCWISEMYVQL
SDSLTDLLDKFSNISEGLSNYSHDKLVNIVDDLVECVKE
NSSKDLEKSFRSPEPRLFTPEEFFRIFNRSIDAFKDEVVAS
ETSDCVVSSTLSPEKDSRVSVTKPFMLPPVAASSLRNDSS
SSNRKAKNPPODSSLHWAAMALPALFSLUGFAFGALYW
KKROPSLTRAVENIQINEEDNEISMLOEKEREFQEY

205

Mouse SCF

MEKTOTWHTCIYLQLLEFNPLVKTKEICGNPVTDNVEDE
TKLVANLPNDYMITLNYVAGMDVLPSHCWLRDMVIQL
SLSLTTLLDKFSNISEGLSNY SHDKLGKIVDDLVLCMEEN
APKNIKESPKRPETRSFTPEEFFSIFNRSIDAFKDFMVASD
TSDCVLSSTLGPEKDSRVSVTEPFMLPPYVAASSLRNIDSSS
SNREKAAKAPEDSGLOWTAMAUPALISLVIGFAFGALYW
KEKKQOSSLTRAVENIQINEEDNEISMLOQOKEREFQEVY

Human M-CSF

MTAPGAAGRCPPTTWLGSLLLLVCLLASRSITEEVSEYC
SHMIGSGHLQSLORLIDSQMETSCOITFEFVDOEQLKDPV
CYLKKAFLLVODIMEDTMRFRDNTPNATATVQLOQELSLR
LKSCFTKDYEEHDKACVRTFYETPLOLLEK VKNVENET
KNLLDEKDWNIFSKNCNNSFAECSSQDVVTKPDCNCLYP
KAIPSSDPASVSPHOPLAPSMAPYVAGLTWEDSEGTEGSSL
LPGEQPLHTVDPGSAKQRPPRSTCQSFEPPETPVVKDSTI
GGSPOPRPSVGAFNPGMEDILDSAMGTNWVPEEASGEA
SEIPVPQGTELSPSRPGGGSMQTEPARPSNFLSASSPLPAS
AKGOQPADVTGTALPRVGPVRPTGODWNHTPQKTDHP
SALLRDPPEPGSPRISSLRPQGLSNPSTLSAQPOLSRSHSS
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GSVLPLGELEGRRSTRDRRSPAEPEGGPASEGAARPLPRE
NSVPLTDTGHERQSEGSFSPQLOESVFHLLVPSVILVLLA
VGGLLFYRWRRRSHOEPQRADSPLEQPEGSPLTODDRQ
VELPV

MTARGAAGRCPSSTWLGSRLLLVCLLMSRSIAKEVSEHC
SHMIGNGHLKVLQOQLIDSOQMETSCQIAFEFVDQEQLDDP
VCYLEKKAFFLVODIDETMRFKDNTPNANATERLOQELSN
NLNSCFTKDYEEQONKACVRTFHETPLOLLEKIKNFENET
KNLLEKDWNIFTENCNNSFAKCSSRDVVTKPDCONCLYP
KATPSSDPASASPHOPPAPSMAPLAGLAWDDSOQRTEGSS
LEPSELPLRIEDPGSAKQRPPRSTCOTLESTEQPNHGDRL
TEDSQPHPSAGGPVPGVEDILESSLGTNWVLEEASGEAS
EGFLTQEAKFSPSTPVGGSIGAETDRPRALSASPFPKSTED
QEPVDITDRPLTEVNPMRPIGOTONNTPEKTDGTSTLRE
DHOEPGSPHIATPNPQRVSNSATPVAQLLLPKSHSWGIVL
PLGELEGKRSTRDRRSPAELEGGSASEGAARPYV ARFNSIP
LTDTGHVEQHEGSSDPQIPESVFHLLVPGIILVLLTYVGGL
LEYKWEKWRSHRDPQTLDSSVGRPEDSSLTGDEDRQVEL
PV

WO 2022/197764
207 Mouse M-CSF
208 Human MSP

MGWLPLLLLLTQCLGVYPGORSPLNDFQVLRGTELQHLL
BAVVPGPWQEDVADAEECAGRCGPLMDCRAFHYNVSS
HGCQLLPWTQHSPHTRLRRSGRCDLFQEKDYVRTCIMN
NGVOYRGTMATTVGGLPCQAWSHKFPNDHKYTPTLRN
GLEENFCRNPDGDPGGPWCYTTDPAVREQSCGIKSCREA
ACVWCNGEEYRGAVDRTESGRECQRWDLQHPHQHPFE
PGKFLDQGLDDNYCRNPDGSERPWCYTTDPOQIEREFCDL
PRCOGSEAQPRQEATTVSCFROKGEGYRGTANTTTAGVE
CORWDAQIPHOHRFTPEKYACKDLRENFCRNPDGSEAP
WCFTLRPGMRAAFCYQIRRCTDDVRPODCYHGAGEQY
RGTVSKTRKGVQCQRWSAETPHKPQFTHFTSEPHAQLEE
NFCRNPDGDSHGPWCYTMBPRTPFDYCALRRCADDQPP
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SILDPPDOVQFEKCGKRVDRLDORRSKLRVVGGHPGNSP
WITVSLRNRQGOHFCGOGSLVKEQWILTARQUESSCHMPL
TGYEVWLGTLFONPQHGEPSLORVPVAKMVCGPSGSQL
YVLLKLERSVTLENGRVALICLPPEWYVVPPGTKCEIAGWG
ETKGTGNDTVLNVALLNVISNQECNIKHRGRVRESEMC
TEGLLAPVGACEGDYGGPLACFTHNCWVLEGHIPNRVC
ARSRWPAVFTRVSVEVDWIHKVMRLG

WO 2022/197764
209 Mouse MSP

MGLPLPLLOSSLILMLLELRLSAASTNLNWOQCPRIPYAAS
ROFSVEKYVVPSFSAGORVOATAAYEDSTNSAVEVATRN
HLHVLGPDLOFIENLTTGPIGNPGCQTCASCGPGPHGPPK
DTDTLVLVMEPGLPALVSCGSTLOQGRCFLHELEPRGKAL
HLAAPACLFSANNNKPEACTDCVASPLGTRVTVVEQGH
ASYFYVASSLDPELAASFSPRSVSIRRLKSDTSGFQPGEPS
LSVLPKYLASYLIKYVYSFHSGDFVYFLTVQPISVTSPRS
ALHTRLVRENAVEPEIGDYRELVLDCHFAPKRRRRGAPE
GTOPYPVLOAAHSAPYDAKLAVELSISEGOEVLFGVEVT
VEKDGGSGMGPNSVVCAFPIYHENILIEEGVEYCCHSSENSS
SLLSRGLDFFQTPSFCPNPPGGEASGPSSRCHYFPLMVHA
SFIRVDLFNGLLGSVEVTALHVTRLGNVIVAHMGTVD
GRVLOVEIARSLNYLLYVSNFSLGSSGQPVHRDYSRLGN
DLLFASGDOVFKVPIQGPGCRHFLTCWRCLRAQRIMGC
GWCGDRCDROKECPGSWQODHCPPEISEFYPHSGPLRG
TTRLTLCGSNFYLRPDDVVPEGTHOITVGOSPCRLLPKDS
SSPRPGSLKEFIQELECELEPLVTOQAVGTTINISLVITNMPA
GKHFRVEGISVOQEGEFSFVEPVLTSIKPODFGPRAGGTYLTL
EGOSLSVGTSRAVLVNGTQCRLEQVNEEQILOVTPPGAG
TARVPLHLOQIGGAEVPGSWTFHYKEDPIVLDISPKCGYS
GSHIMIHGOHLTSAWHFTLSFHDGOSTVESRCAGQFVEQ
QQRRCRLPEYVVRNPQGWATGONLSVWGDGAAGEFTLPG
FRELPPPSPLRAGLVELKPEEHSVKVEYVGLGAVADCVT
VNMTVGGEVCOHELRGDVVICPLPPSLOLGKDGVPLOY
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CVDGGCHILSQVVRESPGRASQRILUIALLVLILLVAVLA
VALIFNSRRREKQLGAHSLSPTTLSDINDTASGAPNHEES
SESRDGTSVPLLRTESIRLODLDRMELAEVKDVLIPHEQVY
VIHTDOVIGKGHFOVVYHGEYTDGAQNQTHCAIKSLSRI
TEVOEVEAFLREGLLMRGLHHPNILALIGIMI PPEGLPRV
LLPYMRHGDLLUHFIRSPORNPTVEDLVSFGLOQVACGME
YLAEQKFVHRBLAARNCMLDESFTVKVADFGLARGVL
DKEYYSVROQHRHARLPVEWMALESLOTYRFTTKSDYVW
SEFGVLLWELLTRGAPPYPHIDPFDLSHFLAQGRRLPQPEY
CPDSLYHVMLRCWEADPAARPTFRALVLEVKQVVASLL
GDHYVOQLTAAYVNVGPRAVDDGSVPPEQVQPSPQHCRS
TSKPRPLSEPPLPT

210 | Linker GSSGGSGGSGG
211 | Linker GGGSGGGS

212 | Linker GGGSGGGSGGGS

213 | Linker GGGGSGGGGSGGGGS

214 | Linker GGGGSGGGGSGGGGSGGGGSGGGHS
215 | Linker GGGGSGGGGS

216 | Linker (GGGGS)n

217 | Linker GGGGSGS

218 | Linker GGGGSGGGGSGGGGSGS

219 | Linker GGSLDPKGGGGS

220 | Linker PKSCDKTHTCPPCPAPELLG

221 | Linker SKYGPPCPPCPAPEFLG

222 | Linker GKSSGSGSESKS

223 | Linker GSTSGSGKSSEGKG

224 | Linker GSTSGSGKSSEGSGSTKG

235 | Linker GSTSGSGKPGSGEGSTKG

226 | Linker GSTSGSGKPGSSEGST

227 | Linker (GSGGS)n
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228 Linker {GGGS)n

229 Linker GGG

230 Linker GGSGG

231 Linker GSGSG

232 Linker GSGGE

233 Linker GGGSG

234 Linker GSS88G

245 Linker GPOGTAGO

250 Linker YGAGLGW

264 CM AQNLLGMY

265 CM LSGRSDNHGGAVGLLAPP

260 CM VHMPLGFLGPGGLISGRSDNH
267 CM LSGRSDNHGGYVHMPLGFLGP
268 CM LSGRSDNHGGSGGSISSGLLSS
269 CM ISSGLLSSGGSGGSLSGRSGNH
270 CM LSGRSDNHGGSGGSQNQALRMA
271 CM QONQALRMAGGSGGSLSGRSDNH
272 CM LSGRSGNHGGSGGSOQNQALRMA
273 CM QONQALRMAGGSGGSLSGRSGNHE
274 CM ISSGLELSGRSGNH

275 M AVGLLAPPGGTSTSGREANPRG
276 M TSTSGRSANPRGGGAVGLLAPE
277 CM VHMPLGFLGPGGTSTSGRSANPRG
278 CM TSTSGRSANPRGGGVHMPLGFLGP
279 M LSGRSGNHGGSGGSISSGLLSS
280 Cleavable Sequence | PRFKHGG

281 Cleavable Sequence | PRFRUHGG

282 Cleavable Sequence | SSRHRRALD

283 Cleavable Sequence | RKSSIHRMRDYVVL

284 Cleavable Seguence | SSSFDKGKYKKGDDA
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285 {Cleavable Sequence | SSSFDKGKYKRGDDA
286 Cleavable Sequence | IEGR

287 Cleavable Sequence | IDGR

288 Cleavable Sequence | GGSIDGR
289 Cleavable Sequence | PLGLWA
260 Cleavable Sequence | GPOGIAGQ
291 Cleavable Sequence | GPOQGLLGA
292 Cleavable Sequence | GIAGQ

203 Cleavable Sequence | GPLGIAG]
294 Cleavable Sequence | GPEGLRVG
295 Cleavable Sequence | YGAGLGVVY
296 Cleavable Sequence | AGLGVVER
297 Cleavable Sequence | AGLGISST
298 Cleavable Sequence | EPQALAMS
299 Cleavable Sequence | QALAMSAIL
300 Cleavable Sequence | AAYHLVSQ
301 Cleavable Sequence | MDAFLESS
302 Cleavable Sequence | ESLPVYVAY
303 Cleavable Sequence | SAPAVESE
304 Cleavable Sequence | DVAQFVLT
305 Cleavable Sequence | VAQFVLT
306 Cleavable Sequence | VAQFVLTE
307 Cleavable Sequence | AQFVLTEG
308 Cleavable Sequence | PYQPIGPQ
309 IEN-a2b-1204dL- | METDILLLWVELLWVPGSTGCDLPOQTHSLGSRRTLMLLA

hlgG4, with signal

sequence

OMRRISLFSCLEKDRHDFGFPOEEFONQFQKAETIPVEHE
MIQGIFNLFSTKDSSAAWDETLLDKFYTELYQOLNDLEA
CVIQOVOVTETPLMKEDSILAVREKYFQRITLYLEKEKKYS
PCAWEVVRAEIMRSFSLSTNLOESLRSKESGRSDNIGGGS
ESKYGPPCPPCPAPEFLGGPSVELFPPRPRDTLMISRTPEY
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TCVVVDVSQEDPEVOFNWYVDGVEVHNAKTEKPREEQF

NSTYRVVSVLTVLHODWLNGEKEYKCKVSNKGLPSSIEK
TISKAKGOPREPQVYTLPPSOQEEMTKNQVSLTCLVKGEY
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTY

DKSRWOQOGNVESCSVMHEALHNHYTQKSLSLS

3i0

IFN-g-1204dL-
hlgG4

{polynuciectide}

ATGGAAACCGACACACTGCTGCTGTGGOTGCTGETTT
TOTCGOGTGCCAGGATCCACAGGUTGTGATCTGCCTCA
AACGCATTCATTGGGGTCCAGGCGCACGCTTATGTTG
CTTGCACAGATCGAGGAGAATATCACTTITICTCTTGCTY
GAAGOGACCGUCACGATTTTGGUTTTCCGCAGGAAGAG
TTCGGTAACCAGTTCCAAAAGGCAGAGACAATCCCCG
TTTTGCATGAGATGATCCAACAGATCTTTAACCTGTTT
TCAACCAAGGATAGCAGCGCAGCGTGGGATGAGACA
CTGCTTCGACAAGTTTITACACCGAGCTCTATCAGCAALCT
TAATGATCTCGAAGCCTGCGTAATTCAAGGAGTAGGE
GITACAGAGACACCTTTGATGAAGGAGGATTCCATEC
TTGCAGTAAGAAAATACTTCCAGAGGATCACCCTICTA
CCTCAAAGAAAAGAAATACTCCCCATGCGCGTGGGAA
GTAGTGCGAGCTGAAATAATGCGOAGCTTTTICTTTGTC
AACTAATCTCCAAGAATCTICTGAGAAGCAAGGAGTCA
GOTAGGTCTGATAATATCGGGGGAGGTTCTGAATCTA
AGTACGGUCCTCCTTGTCCTCCATGTCCTGCTCCAGAG
TTTCTCGGAGGCCCCTCCOGTGTTCCTGTTTCCTCCAAA
GCCTAAGGACACCCTGATCGATCAGCAGAACCCCTGAA
GTGACCTGCOTOOTGOTCGACGTTTCACAAGAGGACC
CCCAGGTGCAGTTCAATTGGTACGTGOACGGCGTGGA
AGTGCACAACGCCAAGACCAAGUCTAGAGAGGAACA
GTTCAACAGCACCTACAGAGTGGTGTCCGTGCTGALCC
OGTGCTGCACCAGGATTGGCTGAACGGCAAAGAGTACA
AGTGCAAGGTGTCCAACAAGGGCCTGUCTAGCAGCAT
COAGAAAACCATCAGCAAGGCCAAGGGCCAGCCAAG
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GGAACCCCAGGTTTACACACTGCCACCTAGCCAAGAG
GAAATGACCAAGAACCAGGTGTCCCTGACCTGLCTGE
TCAAGGGCTTTTACCCCTCCGATATCGCCGTGGAATG
GCGAGAGCAATOGCCAGCCTGAGAACAACTACAAGALC
CACACCTCCTGTGCTGGACAGCGACGGCTCATTICTTCC
TGTACAGCAGACTGACCGTGGACAAGAGCAGATGGC
AGCAGGGCAACGTGTTICAGCTGCAGCGTGATGCACGA
GGUCCTGCACAACCACTACACCCAGAAGTCTCTGAGT
CTGAGCTGA

IFN-02b-1490DN1-
higG4, with signal

sequence

METDTLLLWVLLLWVPGSTGCDLPQTHSLGSRRTLMLLA
QMRRISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVLHE
MIQQIFNLFSTKDSSAAWDETLLDKFYTELYQQLNDLEA
CVIQGVGVTETPLMKEDSILAVRK YFQRITLYLKEKKYS
PCAWEVVRAEIMRSFSLSTNLQESLRSKEISSGLLSGRSD
NIGGGSESK Y GPPCPPCPAPEFLGGPSVELFPPKPKDTLMI
SRTPEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAKTK
PREEQFNSTYRVVSVLTVLHODWLNGKEYKCK VSNKGL
PSSIEKTISKAKGQPREPQVYTLPPSGEEMTKNQVSLTCL
VKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY
SRLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLS

TFN-02b- [450DNI-
higG4

{polynuclectide)

ATGGAAACCGACACACTGCTGCTGTGGOTGCTGCTTT
TOTGOGTGCCAGGATCCACAGGUTGTGATCTGCCTCA
AACGCATTCATTGGOGTCCAGGCGCACGCTTATGTTG
CTTGCACAGATCGAGGAGAATATCACTITTICTCTTGCTT
GAAGGACCGCCACGATITTGGCTTTCCGCAGGAAGAG
TTCGGTAACCAGTTCCAAAAGGCAGAGACAATCCCCG
TTTTGCATGAGATGATCCAACAGATCTTTAACCTOTTT
TCAACCAAGGATAGCAGCGCAGCGTGGGATGAGACA
CTGCTTGACAAGTTTITACACCGAGCTCTATCAGCAACT
TAATGATCTCGAAGCCTGCGTAATTCAAGGAGTAGGE
GITACAGAGACACCTTTGATGAAGGAGGATTCCATEC
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TTGCAGTAAGAAAATACTTCCAGAGGATCACCCTCTA
CCTCAAAGAAAAGAAATACTCCCCATGOGCGTOGGAA
GTAGTGCGAGCTGAAATAATGCGGAGCTTTTICTTIGTIC
AACTAATCTCCAAGAATCTCTGAGAAGCAAGGAGATT
AGTTCTGGCCTGCTGTCAGGTAGGTCTGATAATATCG
GOGGAGGTTCTGAATCTAAGTACGGCCCTCCTTGTCCT
CCATGTCCTGCTCCAGAGTTTICTCGGAGGCCCCTCCGT
GTTCCTOTTTCCTCCAAAGCCTAAGGACACCCTGATGA
TCAGCAGAACCCCTGAAGTGACCTGCGTGGTGGTCGA
CGTITTCACAAGAGGACCCCGAGGTGCAGTTCAATTIGG
TACOGTGGACGGCOTGGAAGTGCACAACGUCAAGACC
AAGCCTAGAGAGGAACAGTTCAACAGCACCTACAGA
GTGGTOTCCGTOCTGACCOGTGUTGCACCAGGATTGGE
TCGAACGGCAAAGAGTACAAGTGCAAGGTGTCCAACA
AGGGCCTGCCTAGCAGCATCGAGAAAACCATCAGCAA
GOCCAAGGGCCAGCCAAGGGAACCCCAGGTTTACAC
ACTGCCACCTAGCCAAGAGGAAATGACCAAGAACCA
GGTGTCCCTGACCTGUCTGGTCAAGGGUTTTITACCCCT
CCGATATCGCCGTGGAATGGGAGAGCAATGGCCAGCC
TGAGAACAACTACAAGACCACACCTCCTGTGCTGGAC
AGCQACGGCTCATTCTTCCTGTACAGCAGACTGACCG
TGGACAAGAGCAGATGOCAGCAGGGCAACGTGTTCA
GCTGCAGCGTGATGUACGAGGCCCTGCACAACCACTA
CACCCAGAAGTCTCTGAGCCTGAGCTGA

316

ProC440

CDUPOQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP
QEEFONQFOKAETIPVLHEMIQQIFNLFSTKDSSAAWDET
LEDKFYTELYQQLNDLEACVIQGVGVIETPLMEKEDSILA
YRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLETNL
QESLRSKESGRSDNICPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVTCVVVDVSOQEDPEVOINWYVDGVEVHNAK
TKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
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GLPSSIEKTISK AKGOPREPOVYTLPPSQEEMTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSEF
LYSRLTYDKSRWQOGNVFSCSVMHEAL HNHYTOKSLSL
S

318

human IgG Fe with

a knob mutation

CPPCPAPEFEGGPSVELFPPRKPKDTLMISRTPEVICYVVVD
VSQEDPEVOFNWY VDGVEVHNAKTKPREEQENSTYRY
VSVLTVLHODWENGKEYKCKVSNKGLPSSIEKTISKAKG
QPREPOVYTLPPCQEEMTKNOQVSLWCLVKGFYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWO
EGNVFSCSVMHEALHNHYTOQKSLSLSLG

19

(98]

human 1gG Fe with

a hole mutation

CPPCPAPEFEGGPSVELFPPKPKDTLMISRTPEVICVYVD
VSQEDPEVOFNWY VDGVEVHENAKTKPREEQENSTYRY
VSVLTVLHODWLNGREYKCKVSNKGLPSSIEKTISKAKG
QPREPOVCTLPPSQEEMTKNQVSLSCAVKGFYPSDIAVE
WESNGOPENNYKTTPPVLDSDGSFFLVSRLTVDKSRWO
EGNVFSCSVMHEALHNRFTQKSLSLSLG

stub moiety

SDNI

ProC732

QSGOTDVDYYREWSWTOVSGISGOGSLSGRSBNIGSGEGS
CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFP
QEEFONQFOKAETIPVLHEMIQQIFNLFSTKDSSAAWDET
LLDKFYTELYQOQLNDLEACVIQGVGYTETPLMKEDSILA
VRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKELSGRSDNICPPCPAPEFLGGPSVELFPPKPKDT
LMISRTPEVTCVVVDVSQEDPEVOINWYVDGVEVHNA
KTKPREEQFNSTYRVVSVLTVLHODWLNGREYKCKVSN
KGLPSSIEKTISKAKGOPREPOQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSF
FLYSRLTYDKSRWQOQGNVFSCSVMHEAT HNHYTOKSLS
L

951

~3
2

ProC7

.

2

QSGOTDVDYYREWSWTQVSGSSGGSLSGRIDNIGSGGS
CDLPQTHSLGSRRTEMLLAQMRRISLFSCLKDRHDFGFP
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QEEFONQFOKAETIPVLHEMIQOIFNLFSTKDSSAAWDET
LLDKFYTELYQOLNDLEACVIQGVGYTETPLMKEDSILA
VRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKEESKYGPPCPPCPAPEFLGGPSVYELFPPKPKDTL
MISRTPEVTICVVYDVSQEDPEVOFNWYVDGVEVHNAK
TEPREEQFNSTYRVVEVLTVLHODWILINGKEYKCKVSNE
GLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTKNGQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSEDGSFR
LYSRLTVDKSRWOQQGNVFSCSVMHEALHNHYTQKSLSE
S

%)
.
5]

IFNa-2b masking
peptide

TDVDYYREWSWTQVS

324

Linker

GSSGGS

325

Linker

ESKY

326

ProCC286

ESKYGPPCPPCPAPEFLGGPSVELFPPEPEDTLMISRTPEY
TCVVYVDVSQEDPEVOFNWYVDGVEVHNAKTKPREEQF
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNEKGLPSSIEK
TISKAKGQOPREPQVYTLPPSQEEMTKNQVSLTCLVKGEY
PSDIAVEWESNGGPENNYKTTPPVLDSDGSFFLYSRLTV
DKSRWOQQONVESCSVMHEALHNHYTQKSLSLSSGGGEGS
GREDNIGGGSCDLPQTHSLGSRRTLIMLL AQMRRISLESC
LKDRHDFGFPQEEFGNQFOKAETIPVEHEMIQOQIFNLFST
KDSSAAWDETLLDKFYTELYQQLNDLEACVIQGVGVTE
TPLMEEDSILAVRKYFORITLYLKEKKYSPCAWEVVRAE
IMRSFSLSTNLOESLRSKE

Linker

SGGG

Truncated IFNa-2b

{amino acid 1-150)

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP
QEEFGNQFOKAETIPVLEHEMIQGIFNLFSTKDSSAAWDET
LEDKFYTELYQOQLNDLEACVIQGVGVTETPLMEEDSIL A
VYREKYFQRITLYLKEKKYSPCAWEVVRAEIMRS
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g2
[3)
w5

IFNa-2b L130P

mutant

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRIDFGFP

QEEPGNOFORABTIPVLHEMIQQIFNLFSTKDSSAAWDET
LLDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILA
VRKYFORITLYPKEKKYSPCAWE YV VRAEIMRSFSLSTNL

QESLRSKE

PM sequences

{See Table 12 below for sequences)

ProC859 sequence

CDLPOTHSLGSRRTLMLLAQMRKISLESCLKDRHDFGEP
QEEFGNQFOKAETIPVLHEMIQQIFNLFTTKDSSAAWDE
DLLDKFCTELYQOLNDLEACVMOQEERVGETPLMNVDSI
LAVKKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLST
NLQERLRRKELSGRSDNICPPCPAPEFLGGPSVFLFPPKPK
DTLMISRTPEVICVVVDVSQEDPEVQFNWY VDGVEVHN
AKTKPREEQFNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKGLPSSIEK TISKAKGQPREPOVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGS
FFLYSRLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
SLS

481

Universal IFN-

alpha A/D sequence

CDLPQTHSLGSRRTLMLLAQMRKISLFSCLKDRHDFGFP
QEEFGNQFOKAETIPVLHEMIQOQIFNLFTTKIDSSAAWDE
DLLDKFCTELYQQLNDLEACVMOQEERVGETPLMNVDSI
LAVEKYFRRITLYLTERKKYSPCAWEVVRAEIMRSLSLST
NLOERLRRKE

Interferon beta,
Chain A, human

(1AU1)

MSYNLLGFLORSSNFQUQKLLWQLNGRLEYCLKDRMN
FDIPEEIKQLOQOFOKEDAALTIYEMLONIFAIF
RODSSSTGWNETIVENLLANVYHOQINHLKTVLEEKLEKE
DFTRGKLMSSLHUKRYYGRILHYLKAKEYSH
CAWTIVRVEILRNFYFINRLTGYLRN

483

IFNB_CHICK
Q908731

MTANHQSPGMHSILLLLLLPALTTTFSCNHLRHQDANFS
WKSLOLLONTAPPPPQPCPQODVTFPFPETL
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LESEDEKOAAITTLRILOHLENMLSSPHTPKHWIDRTRH
SLINQIQHYIHHLEQCFVNQGTRSQRRGPRN
AHUSINKYFRSIHNFLOHNNYSACTWDHVRLOARDCFR
HVDTLIOWMEKSRAPLTASSKRLNTQ

484

JFNA3 CANLF
097945.1

MALPCSFSVALVLLSCHSLCCLACHLPOTHSLRNWRVLT
LEGOMRRLSASSCDHYTTDFAFPKELFDGQOR
LOEAQALSVVREVMTOQRVFHEFCTNTSSAPWNMTLLEEL
CSGLSEQLDDL DACPLQEAGLAETPLMHEDST
LRTYFQRISLYLODRNHSPCAWEMVRAEIGRSFFSLTILO
ERVRRRK

IFN ANAPL
P51526.1

MPGPSAPPPPAIYSALALLLLLTPPANAFSCSPLRLHDSAF
AWDSLOLLRNMAPSPTQPCPOQQHAPCSEP
DTLLDTNDTOOAAHTALHLLOHLFDTLSSPSTPAHWLH
TARHDLINQLOHHIEHI ERCFPADAAREHRRG
PRNLHLSINKYFGCIQHFLONHTYSPCAWDHVRLEAHAC
FORIHRLTRTMR

486

IFNAH BOVIN
P40878.1

MAPAWSFLLALLLLSCNAICSLGCHLPHTHSLPNRRVLT
LLRQLRRVSPSSCLODRNDFAFPQEALGGSQ
LOKAQAISVLHEVTOHTFQLFSTEGSAAAWDESLLDKLR
AALDQQLTDLOACLROEEGLRGAPLLKEDAS
LAVRKYFHRLTLYLREKRHNPCAWEVVRAEVMRAFSSS
TNLOERFRRKD

IFNA1 CHICK
P42165.1

MAVPASPQHPRGYGILLLTLLLKALATTASACNHLRPQD
ATFSHDSLOLLRDMAPTLPOLCPQHNASCSF
NDTILDTSNTRQADKTTHDILOQHEFKILSSPSTPAHWNDS
QROSLLNRIHRYTQHUEQCLDSSDTRSRTR
WPRNLHLTIKKHFSCLHIFLODNDYSACAWEHVRLQAR
AWFLHIHNLTGNTRT

488

IFNA FELCA
P35849.1

MALPSSFLVALVALGONSVCSLGCDLPQTHGLLNRRALT
LLGOMRRLPASSCOKDRNDFAFPQDVEGGDO
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SHEKAQALSVVHVTINOKIFHFFCTEASSSAAWNTTLLEEFR
CTGLDROLTRLEACVLOEVEEGEAPLTNED]
HPEDSILRNYFORLSLYLOQEKKYSPCAWEIVRAEIMRSLY
YSSTALGKRLRSEK

489

interferon-beta-~1
[Sus scrofa]

AAA31056.1

MANKCHOQIALLMCESTTALSMSYDVLRYQORSSNLAC
OKLLGQLPGTPOYCLEDRMNFEVPEEIMOPPQ
FOKEDAVLIHHEMLOQOIFGILRRNFSSTOWNETVIKTILVE
LDGOMDDLETH EEIMEEENFPRGDMTIL
HLEKYYLSILOYLESKEYRSCAWTVVQVEILRNFSFLNR
LTDYLRN

490 IFNB2 BOVIN MTHRCLLOMVLLLCFSTTALSRSYSLLRFQQRRSLALCO
PO1576.1 KLERQLPSTPOHCLEARMDFOMPEEMKQAQO
FORKEDAILVIVEMLOQOIFNILTRDFSSTGWSETHEDLLEEL
YEQMNHLEPIQKEIMGKONSTMGDTTVL
HLRKYYFNLVQYLEKSKEYNRCAWTVVRVQILRNFSFLY
RETGYLRE
491 A Chain A, CDLPOQTHSLGSRRTEMLLAGQMRRISLEFSCLKDRHDFGHP
INTERFERON- QEEFGNQFOQKAETIPVLHEMIGOIFNLFSTK
ALPHA 2B 1RH2 | DSSAAWDETLLDKFYTELYQQLNDLEACVIQGVGVTET
PLMNEDSILAVREKYFOQRITLYLKEKKYSPCAW
EVVRAEIMRSFSLSTNLQESLRSKE
492 Linker SGGGG
493 ProC288 CDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFEGFP

QEEFGNQFOKAETIPVLHEMIGQIFNLFSTKDSSAAWDET
LLDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILA
VREYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
KPKDTLMISRTPEVTCVYVVVDVSQEDPEVOFNWYVDBGVE
/HNAKTKPREEQFNSTYRVVSVLTVLHODWINGKEYKC
KVINKGLPSSIEKTISKAKGQPREPOQVYTLPPSOQEEMTEN
QVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDS
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DGSFFLYSRUTVDESRWOOQONVESCSVMHEALHNHYTQ
KSLSLS

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFP
QEEFGNOFQKAETIPVLHEMIQQIFNLFSTKDSSAAWDET
LLDKFYTELYOQLNDLEACVIQGVGVTETPLMKEDSILA
VRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
FPPKPKDTLMISRTPEVTCVYVDVSQEDPEVQFNWY VD
GVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKGLPSSIEKTISK AKGQPREPQVYTLPPSQEE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSRLTVDK SRWOQGNVFSCSVMHEALH
NHYTOQKSLSLS

CDLPQTHSLGSRRTEMLLAQMRRISLFSCLKDRHDFGFP
QEEFGNQFOKAETIPVLHEMIQOQIFNLFSTKDSSAAWDET
LEDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILA
YREYFOQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKESGGGGSGRSDNIESKYGPPCPPCPAPEFLGGE
SVFLFPPKPKDTLMISRTPEVTCVVVDVSQGEDPEVQEFNW
YVDGVEVHNAKTKPREEQGENSTYRYVSVLTVLHODWL
NGKEYKCKVSNEKGLPSSIEKTISKAKGOQPREPOQVYTLPPS
QEEMTRKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLY SRLTVDKSRWQOQGNVESCSVMHE
ALHNHYTOKSLALS

WO 2022/197764

494 Pro(C289
495 ProCZ90
496 ProC291

CDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP
QEEFGNQFOKAETIPVLHEMIQUIFNLFSTEDSSAAWDET
LEDKFYTELYQOLNDLEACVIQGVGVTETPLMKEDSILA
VREYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKESGGGGSGRSDNIGGGSESK Y GPPCPPCPAPEF
LOGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSQEDPEY
OFNWYVDOVEVHNAKTKPREEQFNSTYRVVSVLTVLH
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QDWILNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPOQVY
TLPPSQEEMTKNOVSLTCLVKGEFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLY SRLTVDKSRWOQQGNVESCS
YMHEALHNHYTGKSLSLS

CDLPOTHSLGSRRTEMLLAQMRRISLESCLKDRHDFGEP
QEEFGNQFOKAETIPVLHEMIGQIFNLFSTKDSSAAWDET
LLDKFYTELYQOUNDLEACVIQGVGVTETPLMKEDSILA
VREKYFOQRITLYLKEKKYSPCAWEVVRAFEIMRSFSLSTNL
QESLRSKESGRSDNIGPPCPPCPAPEFLGOPSVELFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVOFNWYVDGVEVHN
A

CDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFP
QEEFGNOQFQKAEBTIPVLHEMIQOIFNLFSTKDSSAAWDET
LLDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSILA
VRKYFOQRITLYLKEKKYSPCAWEVVRARIMRSFSLSTNL
QESLRSKESGRSDNIESK YGPPCPPCPAPEFLGGPSVFLEP
PKPKDTLMISRTPEVICVVVDVSQEDPEVQFNWYVDGY
EVHNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKGLPSSIEKTISKAKGOQPREPGVYTLPPSQEEMT
KNQVSLTCLYKGFYPSDIAVEWESNGQPENNYKTTPPVL
DSDGSFFLYSRLTYDKSRWOQGNVFSCSVMHEALHNHY
TOKSLSLS

WO 2022/197764

497 | ProC44]
498 | ProC442
495 | ProC443

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGEP
QEEFONQFQKAETIPVLHEMIQQGIFNLFSTKDSSAAWDET
LEDKFYTELYQGQLNDLEACVIOQGVGVIETPLMEKEDSILA
VRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKESGRSDNIGGGSESKYGPPCPPCPAPEFLGGPS
VFLFPPKPKDTLMISRTPEVICVVVDVSQEDPEVQINWY
VDGVEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLN
GREYRKCKVSNKGLPSSIER TISKAKGOPREPOVYTLPPSO
EEMTKNOQVSLTCLVKGFYPSDIAVEWESNGQOPENNYKT
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TPPVLDSDGSFILYSRLTVDKSRWQOGNVESCESVMHEA
LHNHYTOQKSLSLS

235 ProC1023 QSGOTDVDYYREWSWTOQVSGSSGGSLSGRIDNIGRGGS
CDLPQTHSLGSRRTLMLLAOMRKISL FSCLKDRHDFGFP
QEEFGNOQFOKAETIPVLHEMIQOQIFNLFTTKDSSAAWDE
DLLDKFCTELYQQLNDLEACVMQEERVGETPLMNVYDSE
LAVKKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLSTN
LOQERLRRKELSGRSDNICPPCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEVHNA
KTRPREEQFNSTYRVVSVLTVLHODWLNGKEYKCK VSN
KGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTENGYSL
TCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSE
FLYSRLTVDKSRWOQOQGNVFSCSVMHEALHNHYTOKSLS
LS

ProC1549 QSGOTDVDYYREWSWTOVSGSSGOGRGGGSGGGRGRGE
SCDLPOTHSLGSRRTLMELL AQMRKISLEFSCLKDRHDFGE
PQEEFGNQFOKAETIPVEHEMIQOQIFNLFTTKDSSAAWDE
DLLBKFCTELYQQLNDLEACVMQEERVGETPLMNVDS!
LAVKKYFRRITLYLTEKKYSPCAWEVVRAEIMRSLSLST
NLOQERRREKEGOGRGGGGSCPPCPAPEFLGGPSVELFPPKPK
DTEMISRTPEVTCYVVDVSQEDPEVOFNWYVDGVEVHN
AKTEPREEQFNSTYRVVSVLTVLHQDWILNGKEYKCEVS
NKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNGVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGS
FFLYSRLTVDKSRWOQQGNVFSCSVMHEALHNHYTQKSL
SLS

o
L
[} A}

k2
%)
~J

ProCo65% (non- CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFP
cleavable steric QEEFONQFOKAETIPVLHEMIQQIFNLFSTKDSSAAWDET
masked IFN-a2b) LLDKFYTELYQOQLNDLEACVIQGVGYTETPLMKEDSILA
VRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLSTNL
QESLRSKEGGGSGOGSCPPCPAPERFLGGPSVELFPPKPKDT
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LMISRTPEVTCVVVDVSOQEDPEVOFNWYVDGVEVHNA
KTKPREEQFNSTYRVVSVLTVLHODWLNGREYKCKVSN
KGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTKNQVSL
TCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFE
FLYSRLTYDKSRWQOQGNVFSCSVMHEAT HNHYTOKSLS
LS

ProCi239 A §

OSGOTDVDYYREWSWTQVSGSSGGSLSGRSDNIGSGGS
CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRADFGEP
QEEFGNOFOK AETIPVLHEMIQOQIFNLFSTKDSSAAWDET
LLDKPYTELYQOLNDLEACVIOGVGVTETPLMKEDSILA
VREKYFQRITLYLKEKK YSPCAWEVVRAEIMRSFSLSTNL
QESLRSKELSGRSDNICPPCPAPEFEGGPSVELEPPKPKDT
LMISRTPEVTCVYVVDVSQEDPEVOFNWYVDGVEVHNA
K TKPREEQFNSTYRVVSVLTVEHODWLNGKEYKCK VSN
KGLPSSIEKTISKAKGOPREPOVY TLPPCQEEMTKNQVSL
WCLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLYSRLTVDKSRWOEGNVFSCSVMHEALHNHYTQKSL
SLSLGK

ProC1230 Arm 2

SDNICPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTICY
YVDVSQEDPEVOFNWYVDOVEVHNAKTKPREEQFNST
YRVVSVLTVLHOQDWLNGKEYKCKVSNKGLPSSIEKTISK
AKGOQPREPOVCTLPPSQEEMTENOQVSLSCAVEGFYPSDI
AVEWESNGOQPENNYKTTPPVLDSDGSFFLVSRLTVDKSR
WOQEGNVESCSVMHEALHNRFTOKSLSLSLG

ProC1301

QSGQTDVDYYREWSWTOQVSGSSGGSGGGSGGGSGSGG
SCDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGF
PQEEFGNQFOK AETIPVLHEMIQQIFNLFSTKDSSAAWDE
TLLDKFYTELYQQLNDLEACVIQGVGVTETPLMKEDSIL
AVRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLSTN
LOESRSKEGGSGGGGSCPPCPAPEFLGGPSVFLFPPKPKD
TLMISRTPEVICVVVDVSQEDPEVQFNWY VDGVEVHNA
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KTKPREEQFNSTYRVVSVLTVLHODWLNGKEYRCKVSN
KGLPSSIEKTISKAKGQPREPOVYTLPPSQGEEMTKNOQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF
FLYSRLTYDKSRWOQOONVFSCSVMHEALHNHYTOKSLS
Ls

241 CM GLSGRSDNHG

242 Signal sequence MRAWIFFLLCLAGRALA

243 Signal sequence MALTFALLVALEVLSCKSSCSVG

244 Signal sequence METDTLLLWYLLLWVYPGSTG

246 spacer QGOSGS

247 spacer GQOSGS

248 spacer QSGS

249 spacer QGOSGOG

251 spacer GOSGRG

252 spacer QSGOG

253 spacer SGQG

254 spacer QGQSGO

255 spacer GOSGQ

256 spacer Q8GO

257 spacer QGOSG

258 spacer QGGS

259 Pro(C1640 DNIGSGGSCRLPOTHSLGSRRTLIMLLAQMRRISLFSCLK
DRHDFGFPOQEEFGNGQFOQKAETIPVLHEMIGQQIFNLFSTKD
SSAAWDETLLDKFYTELYQOQLNDLEACVIQGVGVTETP
LMKEDSH AVRKYFOQRITLYLKEKKYSPCAWEYVRAEIM
RSFSLSTNLQESLRSKELSGRS

260 ProC1822 KNLESPQEVEVDIDDNFILRWNRSDESVGNVTEFSFDYO

KTGMDNWIKLSGCONITSTKONFSSLKLNVYEEIKLRIRA
EKENTSSWYEVDSFTPFRKAQIGPPEVHLEAEDKAIVIHL
SPOGTEKDSVMWALDGLSFTYSLVIWKNSSGVEERIENIYS
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RHEIVELSPETTYCLKVKAALLTSWKIGVYSPVHCIKTT
VENELPPPENIEVSVONONYVLKWDYTYANMTEQVQW
LHAFLKRNPGNHLYKWKQIPDCENVETTQCVFPONVEQ
KGIYLLRVOQASDONNTSFWSEEIKFDTEIQAFLLPPVENIR
SLSDSFHIVIGAPKQSGNTPVIQDYPLIYEHFWENTSNAE
RKHEKKTDVTIVPENLEKPLTVYCVKARAHTMDEKLNESS
VESDAVCEKTKPGNTSKPKSCRKTHTCPPCPAPELLGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENW
YVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPP
SREEMTENQVSLTCLYVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLY SKLTVBKSRWQOGNVESCSVMH
EALHNHYTORSLSLSPG

DD
=3

ProC1IR823

ISYDSPDYTDESCTFKISLRNFRSILSWELEKNHSIVPTHYT
LEYTIMSKPEDLKVVKNCANTTRSFCDLTDEWRSTHEA
YVIVLEGFSGNTTLFSCSHNFWLAIDMSFEPPEFEIVGET
NHINVMVKFPSIVEEELQFDLSLVIEEQSEGIVKKHKPEHC
GNMSGNFTYIDKLIPNTNYCVSVYLEHSDEQAVIKSPLK
CTLLPPGQESESAESAKPKSCDKTHTCPPCPAPELLGGPS
VFLFPPKPKDTLMISRTPEVTICVYVVDVSHEDPEVKENWY
VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSR
EEMTEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLY SKLTVDKSRWQOQGNVESCSVMHEA
LHNHYTOKSLSLSPG

262

ProC1824

KNLKSPOKVEVDVIDDNFILRWNRSEESVGNVTIFSFDY()
KPEMDNWIKLPGUONMTSTRKONFSSLEKLNIYDEIKLRIR

AEKENTSSWCEVDSFTPFRKAQIGPPEVHLEAEDKAIVIY
ISPPGTEDSVMWALDRSSFTYSLVIWENSSSVEERIENIYS
RHKISKLSPETTYCLKVKAALLTSRKIGVYGPVHCIKTTY
ENELPPPENIEVIVONONY VLKWDYTYANMTFQVQWLH
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AFLERKPGNHLYKWEQIPDCENVTTTOQCVFPPNTFOKGE
YLLRVQASDGNNTSFWSEEIKFDTEIQASLEPPVENIRSLS
DSLHISIGAPKWSENKPVIQDYPLIYEILFWENTSKAERKI
IKKKTDVTIPNLKPLTVYCVEKARAHSMDEKLNKSSVESD
VVCEETKSGNTSKPKSCDKTHTCPPCPAPELLGGPSVELF
PPKPKDTLMISRTPEVICVYVDVSHEDPEVKENWYVDG
VEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YRCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTP
PVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEALH
NHYTOKSLSLEPG

263

Pro(C1825

ISHDLPDYTSESCTFKISLRNFRSILSWELKNHSIVATHYK
LEYTIMSKPEDLKIVEKNCANTTRSFCDLTDEWRSTHEAY
VTSLEGFSONTTLENCSHNFWLDIDMSFEPPEFEIVGETN
HINVIVKFPSIVEEELQFDLSLVIEEQSEGIVEKKHKPTIKG
NMSGNFTYHDKLIPNINYCVSVYFDHNDEQAVIKSPLEC
TLLOPGOESESAESAKPKSCDKTHTCPPCPAPELLGGPSY
FLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYY
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNG
KEYKCKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRE
EMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYRTT
PPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEAL
HNHYTQRSLSLSPG

ProCl1718

ISYDSPDYTDESCTFKISLRNFRSILSWELEKNHSIVPTHYT
LEYTIMSKPEDLKVVKNCANTTRSFCDLTDEWRSTHEA
YVIVLEGFSGNTTLFSCSHNFWLAIDMSFEPPEFEIVGET
NHINVMVKFPSIVEEELOQFDLSLVIEEQSEGIVKKHKPEIK
GNMSGNFTYIDKLIPNTNYCVSVYLEHSDEQAVIKSPLK
CTLLPPGQESESAESAKGGOGSHHHHHHHE

314

ProC1976

DNIGSGGSCDLPOTHSLGSRRTLMELLAQMRRISLFSCLK
DRHDFGFPQEEFGNQFQKAETIPVLHEMIQOQIFNLESTKD
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SSAAWDETLLDKFYTELYQOLNDLEACVIQGVGVTETP
LMKEDSIEAVREYFQRITLYLKEKKYSPCAWEVYRAEIM
RSFSLSTNLGESLRSKELSGRS

Tabie 12, Examples of Masking Peptides (PMs) Correlated with Appropriate Cytokines

Cytokine that PM Sequence SEQ ID NG
may be coupled

with the PM

IFN TAYLEYYEHLHMAYG 331
IFN TDVDYYREWCWTQVS 332
IFN FPLNTFDLVHELLSR 333
IFN FLNDIHRFLHWTDLM 334
IFN PYTFVEQVEYWLHAT 335
IFN ACVIHFLDRISNILE 336
FN FCYIAAFSAMORQSC 337
IFN PLYLPEIGWMFGLPT 333
IFN TVLVIPDLEHYLYVDR 339
FN FINNVETALDTIYNL 340
IFN SAKHLHPGRLPPMTK 341
IFN ATMYAYLERLEAILS 342
IFN IYPLDALERHENSLC 343
IFN CFPTVVWRELYNLYG 344
IFN NLDFYLNHLYNTLAG 345
IFN DFINSMRSHELOQSSDO 346
FN EPKCSFCSPLIVPSP 347
IFN PNCIESFLSSIHDSL 348
IEN TONALFLETVOHYLY 348
FN CYPSISWLFADAPRN 350
IFN ELTOLLNALVIXVRNC 351
IFN LESSFVETMSSILTC 352
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IEN YLLRLPSLEELWGPS 353
IFN ATCYHUNHWVERYIL 354
IFN IAYLEYYEHLHMAY 355
IFN RVTICBRYYYGFGCNKFGRPA 356
1N MLAVVGAAALVLVAGAPWVLPSAAGGENLKPP

ENIDVYHDDNYTLKWSSHGESMGSVTFSAEYRT
KDEAKWLKVPECOQHTTTTEKCEFSLLDTNVYIKT
QFRVRAEEGNSTSSWNEVDPFIPFYTAHMSPPEY
RLEAEDKAILVHISPPGODONMWALEKPSFSYT]
RIWQKSSSDKKTINSTYYVEKIPELLPETTYCLEVY
KAMPSLEKKHSNYSTVOQCISTTVANKMPYPONLQ
VYDAQGKSYVLEKWDYIASADVLFRAQWLPGYSK
SSSGSRSDEKWKPIPTCANVOQTITHCVESQDTVYTG
TFFLHVOQASEGNHTSFWSEEKFIDSQKHILPPPPVI
TVTAMSDTLLVYVNCQDSTCDGLNYEHFWENTS
NTRISMEKDGPEFTLKNLOPLTVYCVQARVLER
ALLNKTSNFSEKLCEKTRPGSEST 3

(¥4

NG

IFN MLLSGNAFIFRSENLYLMVYISLVFGISYDSPDYT
DESCTFKISLRNFRSILSWELKNHSIVPTHYTLLY
TIMSKPEDLKVVENCANTTRSFCDLTDEWRSTH
EAYVTVLEGFSGNTTLFSCSHNFWLAIDMSFEPP
SFEIVGFTNHINVMVKFPSIVEEELQFDLSLVIEEQ
SEGIVKKHKPEIKGNMSGNFTYHDKLIPNTNYCY
SVYLEHSDEQAVIKSPLKCTLLPPGOESESAESAK | 358

IFN MMVVLLGATTLVLVAVAPWVLSAAAGGKNLKS
POKVEVDUDDNFILRWNRSDESVGNVTESFDY
KTGMDNWIKLSGCONITSTKCNFSSLKINVYEEL
KLRIRAEKENTSSWYEVDSFTPFRKAQIGPPEVH
LEAEDKAIVIHISPGTKDSVMWALDGLSFTYSLVI

WRNSSGVEERIENTY SRHEKIYKLSPETTYCLKVK
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AALLTSWEKIGVYSPVHCIKTTVENELPPPENIEVS
VONONYVLEKWDYTYANMTFQVOWLHAFLKRN
PONHLYKWKOIPDCENVKTTQCVFPONVEQKGE
YLLRVQASDONNTSFWSEEIKFDTEIQAFLLPPVE
NIRSLSDSFHIYIGAPKQSGNTPVIQDYPLIYEUFW
ENTSNAERKHEKKTDVTVPNLKPLTVYCVKARA
HTMDEKENKSSVFSDAVCEKTKPGNTSK

IFN MRSRCTVSAVGLESLCLVVSASLETITPSAFDGY
PDEPCTINITIRNSRLILSWELENKSGPPANYTLW
YTVMSKDENLTKVENCSDTTKSSCDVTDKWLE
GMESYVVAIVIVHRGDLTVCRCSDYIVPANAPLE
PPEFEIVGFTDHINVTMEFPPVTSKIQEKMKTTPF
VIKEQIGDSVRKKHEPKVNNVTIGNFTFVLRDLLP
KINYCVSLYFDDDPAIKSPLECIVLOPGQESGLSE
SA 360

IFN-g TDVDYYREWXXXXXXXX (X may be any amino
acid) 361

[FN-g and IFN- | GSGTDVDYYREWSWTQV

B 362

IFN-g and IFN- | GSGTDVDYYREWSWTQVS

B8 363

[FN-g and IFN- | TDVDYYREWSWTQV

f 364

FN-aand IFN- | TDVDYYREWSWTOQVS

8 323

IFN-y ALTSTEDPEPPSVPVPTNVLIKSYNLNPYVUWEY
ONMSQTPIFTVOVEKVYSGSWTDSCTNISDHCCNI
YEQIMYPDVSAWARVKAKVGOKESDYARSKEF
LMCLKGKVGPPGLEIRRKKEEGLSVLVEHPEVY
VNGESQGTMFGBGSTCYTFDYTVYVEHNRSGEL | 366
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LHTKHTVEKEECNETLCELNISVETLDSRYCLSY
DOISSFWOQVRTEKSKDVCIPPFHDDRKDS

IFN-y ASSPDSFSQLAAPLNPRLHLYNDEQILTWEPSPSS
NDPRPVVYQVEYSFIDGSWHRLLEPNCTDITETK
CDLTGGGRLELFPHPFTVFLRVRAKRGNLTSKW

VGLEPFQHYENVTVGPPKNISVTPGK GSLVIHFSP
PFDVFHGATFQYLVHYWEKSETQOEQVEGPFKS
NSIVLGNLKPYRYYCLOTEAQLILKNKKIRPHGL

LSNVSCHETTANASARLQOVILIPLGIFALLLGLT

GACFTLFLKYQSRVKYWFQAPPNIPEQIEEYLKD
PDQFILEVLDKDGSPKEDSWDSVSHSSPEKERDD
VLQTP

)
[w)
3

IFN-y EMGTADLGPSSVPTPTNVTIESYNMNPIVYWEYQ
IMPOQVPVFTVEVKNYGVEKNSEWIDACINISHHYC
NISDHVGDPSNSLWVRVKARVGOKESAYAKSEE
FAVCRDGKIGPPKLDIRKEEKQIMIDIFHPSVFVN

GDEQEVDYDPETTCYIRVYNVYVRMNGSEIQYK
HWIGKEDDCDEIQCOLAIPVSSLNSQYCVSAEGVL
HVWGVTTEKSKEVCITIFNSSIKG 368

IEN-y SQLPAPQHPKIRLYNAEQVLSWEPVALSNSTRPY
VYQVOFKYTDSKWEFTADIMSIGVNCTQITATECD
FTAASPSAGFPMDFNVTLRLRAELGALHSAWYT
MPWEFOHYRNVTVGPPENIEVTPGEGSLHRFSSPF
MADTSTAFFCY Y VHYWEKGGIQQVKGPFRSNSI
SLDNLKPSRVYCLOVOAQLEWNKSNIFRVGHLS
NISCYETMADASTELQQ 309

-12 CRTSECCFGDPPYPDADSGSASGPRDLRCYRISSD
RYECSWQYEGPTAGYSHFLRCCLSSGRCCYFAA
GSATRLOFSDOAGVSVLYTVILWVESWARNOTE | 340
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KSPEVTLQLYNSVKYEPPLGDIK VSKLAGQLRME
WETPDNQVGAEVOFRHRTPSSPWKLGDCGPOD
DDTESCLCPLEMNVAQEFQLRRROLGSQGSSWS
KWSSPVCVPPENPPQPQVRISVEQLGODGRRRLT
LKEQPTQLELPEGCQGLAPGTEVTYRLGLHMLSC
PCKAKATRTLHLGKMPYLSGAAYNVAVISSNOF
GPGLNQTWHIPADTHTEPVALNISVGTNGTTMY
WPARAQSMTYCIEWQPVGODGGLATCSLTAPQ
DPFDPAGMATYSWSRESGAMGOQEKCY YITIFASA
HPEKLTLWSTVLSTYHFGGNASAAGTPHHVSVK
NHSLDSVSVDWAPSLLSTCPGVLKEY VVRCRDE
DSKQVSEHPVQPTETOVTLSGLRAGVAYTVOQVR
ADTAWLRGVWSQPQRFSIEVQVSDWLIFFASLGS
FLSILLVGVLGYLGLNRAARHLCPPLPTPC AS S
ATEFPGGKETW QWINP VDF OEEASLOEAL
VVEMS WDKGERTEPLEKTELPEGAP
FELALDTELSLEDGDRCKAKM

H-12 KIDACKRGDVTVKPSHVILLGSTVNITCSLKPRQ
GCFHYSRRNKLILYKFDRRINFHHGHSLNSQVTG
LPLGTTLEFVCKLACINSDEIGICGAEIFVGVAPEQP
ONLSCIQKGEQGTVACTWERGRDTHLYTEYTLQ
LSGPKNLTWQOKQCKDIYCDYLDFGINLTPESPES
NFTAKVTAVNSLGSSSSLESTFTFLDIVRPLPPWD
IRIKFOQKASVSRCTLYWRDEGLVLENRLRYRPSN
SREWNMVNVTEKAKGRHDLLDLKPFTEYEFQISS
KLHLYKGSWSDWSESLRAQTPEEEPTGMLDVW
YMEKRHIDYSROOISLFWKNLSVSEARGKILERYQ
VTLQELTGGKAMTONITGHTSWTTVIPRTGNWA
VAVSAANSKGSSLPTRINIMNLCEAGLLAPRQVS
ANSEGMDNILVTWOPPRKDPSAVOEYVVEWREL
HPGGDTOVPLNWLRSRPYNVSALISENIKSYICY
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BEIRVYALSGDOGGUSSILGNSKHKAPLSGPHINATL
TEEKGSILISWNSIPVOEQMGCLLHYRIYWRERD
SNSQPQLCEIPYRVSQNSHPINSLOPRVTYVLWM
TALTAAGESSHGNEREFCLOQGKANWMAFVAPS]
CIATMVGIFSTHYFOQQKVFVLLAALRPOWCSRE]
PDPANSTCAKKYPIAEEKTOLPLDRLLIDWPTPH
DPEPLVISEVLHQVTPVFRHPPCSNWPOREKGIQ
GHOASEEKDMMHSASSPPPPRALQAESRQLVDLY
KVLESRGSDPKPENPACPWTVLPAGDLPTHDGY
LPSNIDDLPSHEAPLADSLEEL FPQHISLSVEPSSS
LHPLTFSCGDKLTLDGLKMRCDSEML

-2 NIDVCKLGTVTVQPAPVIPLGSAANISCSLNPKQG
CSHYPSSNELILLKFVNDVLVENLHGKK VHDHT
GHSSTFQVTNLSLGMTLFVCKLNCSNSQKKPPVP
YCGVEISVGYAPEPPONISCVQEGENGTVACSWN
SGKVTYLKTNY TLOLSGPNNLTCOKQCFSDNRG
NCNRLDLGINLSPDLAESRFIVRVTAINDLGNSSS
LPHTFTFLDIVIPLPPWDIRINFLNASGSRGTLQWE
DEGQVVLNQLRYQPLNSTSWNMYNATNAKGKY
DLRDLRPFTEYEFQISSKLHLSGGSWSNWSESLR
TRTPEBEPVGILDIW YMKQDIDYDROQOISLFWEKS
LNPSEARGKILHYQVTLOEVTKKTTLONTTRHTS
WTRVIPRTGAWTASVSAANSKGASAPTHINIVDL
CGTGLLAPHOVSAKSENMDNILVTWOPPKKADS
AVREYIVEWRALQPGSITKFPPHWLRIPPDNMSA
LISENIKPYICYEIRVHALSESQGGCSSIRGDSKHK
APVSGPHITAITEKKERLFISW THIPFPEGQRGCILH
YRIYWKERDSTAQPELCEIQYRRSQONSHPISSLQP
RYTYVLWMTAVTAAGESPQGNEREFCPQGKAN
WKAFVISSICIATITVGTFSIRYFROK AFTLLSTLKP
QWYSRTIPDPANSTW VKK YPILEEKIQLPTDNLL | 37
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MAWPTPEEPEPLITHEVLYHMIPVVROPYYFKRG
QUFQGYSTSKQDAMYIANPOQATGTLTAETROLY
NLYKVLESRDPDSKLANLTSPLTVTIPYVNYLPSHE
GYLPSNIEDLSPHEADPTDSFDLEHOHISLSIFASS
SLRPLIFGGERLTLDRLKMGYDSLMSNEA

-1z QLGASGPODGCCVEKTSFPEGASGSPLGPRNLSC
YRVSKTDYECSWQYDGPEDNVSHVLWCCEFVPP
NHTHTGQERCRYFSSGPDRTVOQFWEQDGIPVLS
KYNFWVESRLOGNRTMESOQKISQYLYNWTKTTPP
LGHIKVSQSHROQLRMDWNVSEEAGAEVQFRRR
MPTTNWTLGDCGPOVNSGSGVLGDIRGSMSESC
LCPSENMAQEIQIRRRRRLSSGAPGGPWSDWSMP
VCVPPEVLPQALVPRGS
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-12 QLGASGPODGCCOVEKTSFPEGASGSPLGPRNLEC
YRYVSKTDYECSWQYDGPEDNVSHVLWCCEFVPP
NHTHTGQERCRYFSSGPDRTVOQFWEQDGIPVLS
KVNFWVESRLGNRTMESQKISOYLYNWTKTTIPP
LOHIKVSQSHROQLRMDWNVSEEAGAEVQFRRER
MPTTNWTLGDCGPOVNSGSGVLGDIRGSMSESC
LCPSENMAQEIQIRRRRRLSSGAPGGPWSDWSMP
VCVPPEVLPQAKIKFLVEPLNOQGGRRRLTMOQGQ
SPOLAVPEGCRGRPGAQVKKHLVLVRMLSCRCQ
AQTSKTVPLGKKLNLSGATYDLNVLAKTRFGRS
TIQOKWHLPAGELTETRALNYVSYGONMTSMQWA
AQAPGTTYCLEWOPWFQHRNHTHCTLIVPEEED
PAKMVTHSWSSKPTLEQEECYRITVFASKNPKNP
MLWATVLSSYYFGGNASRAGTPRHVSVRNQTG
DSVSVEWTASQLSTCPGVLTOQYVVRCEAEDGA
WESEWLVPPTKTOVTLDGLRSRVMYKVQVRAD
TARLPGAWSHPORFSFEVQISRLSHFASLGSFASY
LLVGSLOYIGLNRAAWHLCPPLPTPUGSTAVERPR
GSQGKGAWQWCNPEDFPEVLYPRDALVVEMPG
DRGDGTESPOQAAPECALDTRRPLETORQROVOA
LSEARRLGLAREDCPRGDLAHVTLPLLLGGVTQ

GASVLDDLWRTHKTAEPGPPTLGQEA 374
IL-15 AVNGTSQFTCFYNSRANISCVWERGDGALQDTSC
QVHAWPDRRRWNOTCELLPVSQASWACNLILG
APDSQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRUNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKOKOE
WICLETLTPDTOYEFQVRVKPLOGEFTTWSPWS(Q
PLAFRTKPAALGKDT 375
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L-15 ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKR
KAGTSSLTECVLNKATNVAHWTTPSLKCIRDPAL
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IL-15 ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKR
KAGTSSLTECVLNKATNVAHWTTPSLKCIRDP
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IL-15 ITCPPPMSVEHADIWVKSYSLYSRERYICNSGFKR
KAGTSSLTECVENKATNVAHWTTPSLKCIR 378

IL-13 ITCPPPMEVEHADIWVKSYSLYSRERYICNSGFKR
KAGTSSLTECVLNKATNVAHWTTPSLKCIRDPAL
VHORPAPPSTVITAGVTPOPESLSPSGKEPAASSP
SENNTAATTAAIVPGSOQLMPSKSPSTGTTEISSHE
SSHGTPSQTTAKNWELTASASHOPPGVYPQGHS
DT 379

IL-15 [TCPPPMSVEHADIWVKSYSLYSRERYICNSGFKR
KAGTSSLTECVINEATNVAHWTTPSLKCIRDPAL
VHORPAPPSTVTTAGVTPOPESLSPSGKEPAAS 380

H-15 ITCPPPMSVEHADIWVKSYSLYSRERYICNSGEFKR
KAGTSSLTECVLNKATNVAHWTTPSLKCIRDPAL
YVHORPAPPS 381

L-15 MAPRRARGCRTLGLPALLLLLLLRPPATRGITCRP

PMSVEHADIWVKSYSLYSRERYICNSGFKRKAG
TSSETECVLNKATNVAHWTTESLKCIRDPALVHQ
RPAPPSTVTITAGVTPOPESLSPSGKEPAASSPSSN
NTAATTAAIVPGSQLMPSKSPSTGTTEISSHESSH
GTPSQTTAKNWELTASASHOPPGVYPQGHSDTT
VAISTSTVLLCGLSAVSLLACYLKSROQTPPLASVE

MEAMEALPVTWGTSSRDEDLENCSHHL 382
-2 AVEKNCSHLECFYNSRANVSCMW SHEEALNVTT

CHYVHAKSNLRHWNKTCELTLVRQASWACNLIL

GSFPESQSLTSVDLLDINVVCWEEKGWRRVKTC 153
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DFHPFDNLRLVAPHSLOVLHIDTQRCONISWKVS(
VSHYIEPYLEFEARRRLLGHSWEDASVLSLEQRQ
QWLFLEMLIPSTSYEVQVRVKAQRNNTGTW
SPW SQPLTFRTRPADPMKE

-2 AVNGTSQFTCFYNSRANISCVWSOQDGALQDTSC
QVHAWPDRRRWNOTCELLPVSQASWACNLILG
APDSQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLREMAPISLOVVHVETHRCNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKOKOQE
WICL
ETLTPDTOYEFQVRVKPLOGEFTTWSPWSQPLAF
RTKPAALGKDT 384

-2 AVNGTSQFTCFYNSRANISCVWSQDGALQDTSC
QVHAWPDRRRWNQTCELLPVSOQASWACNLILG
APDRQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOQVVHVETHRCNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKQKQE
WICLETLTPDTQVYEF QVRVKPL(

%)
0]
W

-2 AVNGTSQFTCEFYNSRANISCVW SQDGALQDTSC
QVHAWPDRRRWNQTCELLPVSOQASWACNLILG
APDSQKLTTVDIVILRVLCREGVRWRVMAIQDE | 386

-2 AVNGTSQFTCFYNSRANISCVWSRGDGALQDTSC
QVHAWPDRRRWNOTCELLPVSQASWACNLILG
APDSQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRCONISWEISQAS
HYFERBLEFEARTLSPGHTWEEAPLLTLKOKOE
WICLETLTPDTOYEFQVRVKPLOGEFTTWSPWSO
PLAFRTKPAALGKD 387
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-2 AVNGTSQFTCFYNSRANISCVWSQDGALQDTSC
OVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSQKLTTYDIVILRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOQVVHVETHRSNISWEISQASH
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-2 AVNGTSQFTCFYNSRANISCVWSQDGALQDTSC
QVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSOQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRSNISWEISQASH
YFEDHLEFEARTLSPGHTWEEAPLLTLEWKQEW
ISLATLTPDTOYEFQVRVEPLQGEFTTWSPWS(P

LAFRTKPAALGKD 389
L2 CGGHOYERRGGC 390
L2 CGGHYFERHGGC 191
L2 COKLTTVDIC 392
IL-2 CSFHOYERHEGC 393
-2 CSGHQYERREGC 394
IL-2 CSGHYFERHEGC 395
L2 CSHYFERC 396
L2 DIVMTQSPLSLPYTPGEPASISCRSSQSLLHSNGY

NYLDWYLQKPGQSPOLLIYLGSNRASGVPDRYS
GSGSGTDFTLKLISRVEAEDVGVYYCMQALQTP
LTFGGOGTKVEIKR

L)
el
-3

-2 DIVMTQTPLSSPVTLGQOPASISCRSSOSLVHSDGN
TYLSWLOQRPGOPPRLLIYKISNREFSGVPDRFESGS
GAGTDFTLKISRVEAEDVOVYYCMOQATQFPTFG
QGTKVEIKR 398
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-2 DIVMTQTPLSSPVTLGQPASISCRESSQSLVHSDGN
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GAGTDFTLKISRVEAEDVGVYYCMQTSQFPTFG

QGTKVEIKR 399

-2 DIVMTOTPLSSPVTLGOPASISCRSSQSLVHSDGN
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GAGTDITLKISRVEAEDVOGVYYCMOTTOFPTFG

QGTKVEIKR 400

-2 DIVMTQTPLSSPVTLGQPASISCRSSQSLYVHSDGN
TYLSWLOQORPGOPPRLLIYKISNRFSGVPDRFSGS
GAGTDFTLKISRVEAEDVGVYYCMOQVTQFPTEG
QGTKVEIKR 401

-2 EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLA
WYQOKPGOAPRLLIVGASSRATGIPDRFSGSGSG
TDFTLTISRLEPEDFAVYYCQQYGSSPLTFGGGT

KVHEIKR 402

L2 ELCDDDPPEIPHATFK AMAYKEGTILNCECKRGF
RRIKSGSLYMLCTGNSSHSSWDNQUQCTSSATR

NTTKGQVTPQPEEQKERK TTEMOQSPMOPVDOASL
PGHCREPPPWENEATERIYHFVVGOMYYYQUVQ
GYRALHRGPAESVCKMTHGKTRWTQPQLICTGE
METSQFPGEEKPQASPEGRPESETSCLVTTTDFOI
QTEMAATMETSIFTTEYQ 403

-2 ELCDDDPPEIPHATFKAMAYKEGTH NCECKRGE
RRIKSGSLYMELCTGNSSHSSWDNQCQCTSSATR

NTTKQVTPOPEEQKERKTTEMQSPMGPVIDGQASL
POGHCREPPPWENEATERIYHFVVGOMVYYYQCVQ
OYRALHRGPAESYCKMTHOGKTRWTQPQLICTGE
METSQGFPGEEKPQASPEGRPESETSC 404
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-2 ELCDDDPPEIPHATFKAMAYKEGTILNCECKRGH
RRIKSGSLYMLCTGNSSHSSWDNQCQCTSSATR

NTTKQVTPQPEEQOKERK TTEMGQSPMOQPVDQASL
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GYRALHRGPAESVCKMTHGKTRWTQPQLICTGE
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-2 ELCDDDPPEIPHATFKAMAYKEGTILNCECKRGF
RRIKSGSVYMLCTGNSSHSSWDNQCQCTSSATR
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-2 ELCDDDPPEIPHATFRAMAYKEGTILNCECKRGF
RRIKSGSVYMLCTGNSSHSSWDNGCQCTSSATR
NTTKQVTPOPEEGKERKTTEMQSPMQPYVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
TYRALHRGPAESVOCKMTHGKTRWTQPOLICTGE
METSQFPGEEKPOASPEGRPESETSC 407

-2 ELCDDDPPEIPHATFKAMAYKEGTILNCECKRGF
RRIKSGSVYMLCTGNSSHESWDNQCQCUTSSATR

NTTKQVTPOPEEQKERKTTEMOQSPMOQPVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
GYRALHRGPAESVOKMTHGKTRWTQPQLICTGE
METSQFPGEEKP 408

L2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FRRIKELVYMLCTGNSSHSSWDNQCQCTSSATR
NTTKGQVIPQPEEQKERKTTEMOQSPMOPVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
GYRALHRGPAESVCKMTHGKTRWTQPQLICTGE | 409
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METSQFPGEEKPQASPEGRPESETSCLVTTTDRQI
QTEMAATMETSIFTTEYQ

L2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FRRIKELVYMLCTGNSSHSSWDNQCQCTSSATR

NTTKQVTPQPEEQKERK TTEMOQSPMOPVDOASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
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GYRALHRGPAESVOKMTHGK TRWTOPOLICTGE

METSQFPGEEKP 411
iL-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG

FRRIKSGSLYMLCTGNSSHSSWDNQCQCTS 412
-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG

FRRIKSGSLYMLCTGNSSHSSWDNQCQUTSSATR
NTTKGQVTPQPEEQKERK TTEMOQSPMOPVDOASL
PGHCREPPPWENEATERIYHFVVGOMYYYQUVQ
GYRALHRGPAESVCKMTHGK TRWTQPQLICTGE | 413

-2 ELCDPDPPEIPHATFRKAMAYKEGTMLNCECKRG
FRRIKSGSLYMLCTGNSSHSSWDNQCQOCTSSATR
NTTKQVTPOPEEQGKERKTTEMOQSPMQPVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
TYRALHRGPAESVCKMTHGKTRWTQPOLICTGE
METSQFPGEEKPOASPEGRPESETSCLYTTTDFQL

QTEMAATMETSIFTTEY(Q 414
-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG

FREIKSGSLYMECTGNSSHSSWDNQCQCUTSSATR | 415
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NTTKOQVTPOPEEQKERKTTEMOSPMQPVDQASL
POHUREPPPWENEATERIYHFVVGOMVYYYQUVQ
GYRALHRGPAESVCKMTHGKTRWTQPQLICTGE
METSQFPGEEKPQASPEGRPESETSC

L2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FRRIKSGSLYMLCTGNSSHSSWDNQCQCTSSATR
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QTEMAATMETSIFTTEYQ 417
-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FRRIKSGSLYMLUTONSSHSSWDNQCQCTSSATR

NTTKQVTPQPEEQKERK TTEMGQSPMQPVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYYQCVQ
GYRALHRGPAESVCKMTHGKTRWTQPQLICTG | 418

-2 ELCDDDPPEIPHATFKAMAYKEGTMENCECKRG
FRRIKSGSLYMLCUTONSSHSSWDNQCQCTSSATR
NTTKQVTPOPEEQKERKTTEMQSPMQOQPVDGQASL
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OYRALHRGPAESVCKMTHGKTRWTQPRPQLICT 419

IL-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FREIKSGSLYMLCTGNSSHSSWDNQCGQCTSSATR
NTTKOQVTPOPEEQKERKTTEMOSPMOPVDQASL
POGHCREPPPWENEATERIYHFVVGOMVYYYQCV() | 420
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GYRALHRGPAESVUKMTHGKTRWTOPQLICTGE
METSQFPGEEKPQASPEGRPESETSCLVITTDF(Q
QTEMAATMETS

L2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
FRRIKSGSLYMLCTGSSSHSSWDNQCQCTSSATR
STTKQVTPOPEEQKERK TTEMOSPMOPVDOASL

BGHCREPPPWENEATERIYHFVVGOMVYYQCVQ
GYRALHRGPAESVCKMTHGKTRWTQPQLICTGE | 421

-2 ELCDDDPPEIPHATFKAMAYKEGTMLNCECKRG
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NTTKQVTPQPEEQOKERK TTEMGQSPMOQPVDQASL
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RRIKSGSVYMLCTGNSSHSSWDNQCQCTSSATR
NTTKOVTPOPEEQKERK TTEMOSPMOPVDQASL
PGHCREPPPWENEATERIYHFVVGOMVYYQCVQ | 429
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GYRALHRGPAESVUKMTHGKTRWTOPOQLICTGE
METSQFPGEEKP

L2 ELCLYDPPEIPHATFKAMAYKEGTMLNCECKRG

FRRIKSGSLYMLCTGNSSHSSWDNQCQCTSSATR
NTTKOVTPOPEEQKERK TTEMOSPMOPVDQASL
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RRLKELVYMRCLGNSWSSNCQCTS 436
iL-2 ELCLYDPPEVPNATFKALSYKNGTILNCECKRGF

RRLEKELVYMRCLONSWSSNCOQCTSNSHDKSREQ
VTAQLEHOQKEQQTTTDMOKPTOSMHOQENLTGH
CREPPPWKHEDSKRIYHFVEGQSVHYECIPGYKA
LORGPAISICKMECGKTOGWTOPOLTCVDERERHH
RFLASEESQGSRNSSPESETSCPITTTDFPOPTETT
AMTETFVLTMEYK 43

-3

L2 ELCLYDPPEVPNATFKALSYKNGTILNCECKRGF
RRLKELVYMRCLGNSWSSNCQCTSNSHDKSRKQ
VTAQLEHOKEQQTTTDMOK PTQOSMHQENL TGH
CREPPPWKHEDSKRIYHFVEGOSVHYECIPGYKA
LORGPAISICKMKCGK TGWTQPOLTCVDEREHH
RFLASEESQGSRNS
SPESETSCPITTTDFPOPTETTAMTETFVLTMEYK | 438
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-2 ELCLYDPPEVPNATFKALSYKNGTILNCECKRGF
RRLKELVYMRCLGNSWSSNCOCTSSATRNTTKO
VTPQPEEQKERK TTEMQSPMOQPVDQASLPGHCR
EPPPWENEATERIYHFVVGOMVYYQCVOQGYRA

LHRGPAESVCKMTHGKTRWTOPOLICTGEMETS
OFPGEEKPQASPEGRPESETSCLVTTTDFRQIQTEM
AATMETSIFTTEYQ 439

-2 EVOLVOSGAEVKKPGESLKISCKGSGYSFTISYWI
OWVROMPGKGLEWMGHYPGDSDTRYSPSFQGO
VTISADKSISTAYLOQWSSLEASDTAMYYCARGQ
VAGMLDYWGQGTTVTIVSS 440

-2 OMLSLAVNGTSQFTCFYNSRANISCVWSQDGAL
QDTSCOVHAWPDRRRWNQTCELLPVSQASWAL
NEILGAPRSQKLTTVERIVTLRVLCREGYRWRVM
AIQDFKPFENLRLMAPISLOVVHVETHRCNISWE]
SOQOASHYFERHLEFEARTLSPGHTWEEAPLLTLKQ
KQEWICLETLTPDTOYEFQVRVKPLOAFRTLTGH | 441

L2 GMLSLELCDDDPPEIPHATFKAMAYRKEGTMLNC
BCKRGFRRIKSGSLYMLCTGSSSHSSWDNQCQCT
SSATRSTTKQVTPQPEEQKERK TTEMQSPMQPY

DOASLPGHCREPPPWENEATERIYHFVVGOMVY
YQUVQGYRALHRGPAES VCKMTHGK TRWTQPQ

LICTGE 442
-2 GMLSLELCDDDPPEIPHATFKAMAYRKEGTMLNC

BCKRGFRRIKSGSLYMLCTGSSSHSSWDNQCQCT
SSATRSTTKOQVTPOPEEQKERKTTEMOQSPMOPY

DOASLPGHCREPPPWENEATERIYHFVVGOMVY
YOQCVOGYRALHRGPAESVCKMTHGKTRWTQRO
LICTGEAS 443
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-2 GMLSLELCDDDPPEIPHATFKAMAYKEGTMLNC
BCKRGFRRIKSGSLYMLOTGSSSHSSWDNQCQCT
SSATRSTTKQVTPQPEEQKERKTTEMQSPMOPY

DOQASLPGHCREPPPWENEATERIYHFVVGOMVY
YQCVQGYRALHRGPAESVCKMTHGK TRWTQPQ
LICTGEASGGGGHHHHHH 444

-2 GMLSLELCDDDPPEIPHATFKAMA YKEGTMLNC
BCKRGFRRIKSGSLYMLCTGSSSHSSWDNQCQCT
SSATRSTTKOVTPOPEEQKERK TTEMOSPMOQPVY

DOQASLPGHCREPPPWENEATERIYHFVVGQMVY
YQCVQGYRALHRGPAESVCKMTHGK TRWTQPQ
LICTGEAS 445

-2 GMLSLELCDDDPPEIPHATFKAMAYRKEGTMLNC
ECKRGFRRIKSGSLYMLCTGSSSHSSWDNQCQCT

DOASLPGHCREPPPWENEATERIYHFVVGOMVY
YOCVOGYRALHRGPAESVCKMTHGKTRWTORQ
LICTGEASGGGGHHHHHH 446

-2 LNTTILTEPNGNEDTTADFFLTTMPTDSLSVSTLRL
PEVQCFVFNVEYMNCTWNSSSEPQPTNLTLHYW
YRKNSDNDKVQRKCSHYLFSEEITSGCQLOKKEIHL
YOTFVVQLQDPREPRROATOMLKLONLVIPWAP
ENLTLHKLSESQLELNWNNRFLNHCLEHLVOYR
TDWDHSWTEQSVDYRHKFSLPSVDGOQKRYTER

VRSRFNPLCGSAQHWSEW SHPIHWGSNTSKENP

FLFALEAV 447

L2 MDSYLLMWGLLTFIMVPGCQAELCDDDPPEIPH
ATFKAMAYKEGTMLNCECKRGFRRIKSGSLYML
CTGNSSHSSWDNQCOCTSSATRNTTKQVTPOPE
BQKERKTTEMQSPMOQPVDQASLPGHCREPPPWE
NEATERIVHFVVGOMVYYQCVOGYRALHRGPA | 448
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BESVCKMTHGKTRWTOPQLICTGEMETSQFPGEE
KPOASPEGRPESETSCLVTTTDFQIQTEMAATME
TSIFTTEYQVAVAGCVFLLISVELLSGLTWQRRO
RKSRRTI

IL-2 MLSLELCDDDPPEIPHATFKAMAYKEGTMLNCE
CKRGFRRIKSGSLYMLOTGSSSHSSWDNQCQCTS
SATRSTTKQVTPQPEEQKERK TTEMOSPMOPYD

QASLPGHCREPPPWENEATERIYHFVVGOMVYY
QCVQGYRALHRGPAESYCKMTHGK TRWTQPOL

ICTGE 449
-2 QKLTTVDE
450
IL-2 QVOLVESGGOGVVOPGRSLRLSCAASGHFTESIYGM

HWVRQAPGKGLEWVTVIWYDGSNEYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR

EDWLGEADYGMDVWGOQGTTVTVSS 451
-2 QVOLVESGGGVVQOPGRSLRLSCAASGETESIYGM

HWVROQAPGKGLEWVTVIWYDGSNEYYADSVK
ORETISRDNSENTLYLOMNSLRAEDTAVYYCAR
DGEQWRGFDYWGOQGTTVTVSS 4

%4
A9

3

OVOLVESGGGVVOQPGRSLRLSCAASGFTFSIYGM
HWVROAPGKGLEWVTVIWYDGSNEYYADSVE

GRETISRDNSKNTLYLOMNSLRAEDTAVYYCAR
DOEQWRLAFDYWGQOQGTTVTVSS 453

-2 QVOLVESGGOVVQPGRSLRLSCAASGFTFSIYOM
HWVROAPGKGLEWVTVIWYDGSNEYYADSVK
GRFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GAVAGTORDYYYYOGMBDVWGOGTTVIVSS 454

-2 OVOLVESGGGVVOPORSLRLSCAASGETFSIVGM
HWYRQAPGKGLEWVTVIWYDGSNEYYADSVK | 455
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GRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAR
GSYYDSSGYYYGEDFDYWGOQGTTVTVES

-2 QVOLVESGGGYVOPGRSLRLSCAASGETESIYGM
HWVROAPGKGLEWVTVIWYDGSNEYYADSVK
OGRETISRDNSENTLYLOMNSLRAEDTAVYYCAR
EEWELEDYGMDVWGQGTTVTIVSS 456

-2 OVOLVESGGGVVOQPGRSLRLSCAASGEFTFSIYGM
HWVROQAPGKGLEWVTVIWYDGSNEYYADSVK

GREFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
DNWOGSDAFDIWGOGTTVTVSS 457

-2 QVOLVESGGOVVQPGRSLRLSCAASGFTFSIYOM
HWVROAPGKGLEWVTVIWYDGSNEYYADSVK
GRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCAR
DDWFGEADYGMDVWGQGTTVTVSS 458

-2 QVOLVESGGGYVOPGRSLRLSCAASGETFSIYGM
HWVYRQAPGKGLEWVTIVIWYDGSNEYYADSVK
GRFTISRDNSENTLYLOMNSLRAEDTAVYYCAR

RISITPEDYWGOQGTTVTVSS 459
-2 OVOLVESGOGGVVQPGRSLRLSCAASGETESIYGM

HWVYRQAPGKGLEWVTVIWYDGSNEYYADSVK
FREFTISRONSKNTLYLQMNSLRAEDTAVYYCAR
DDFWSDYPFDYWGOGTTVTVSS 460

-2 QVQLVESGGGVVQPGRSLRLSCAASGETFSIYGM
HWVROAPGKGLEWVTVIWYDGSNEYYADSVK
GREFTISRDNSKNTLYLOMNSLRAEDTAVYYCAR
FEWFGEADYGMDVWGQGTTVTVES 461

-2 QVOLVESGGGVVOPGRSLRLSCAASGETFSIVGM
HWVROAPGKOGLEWVTVIWYDGSNEYYADSVK
GRETISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GSYYDSSGYYFGEDFDYWGOGTTYTVSS 462
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-2 QVOLVESGGGVVOPGRSLRLSCAASGETFSIVGM
HWVRQAPGKOLEWVTVIWYDGSNEYYADSVK
GRETISRDNSKNTLYLOMNSLRAEDTAVYYCAR
GTVAGTGRDYYYYOGMDVWGQOTTVTVSS 463

-2 QVQLVESGGGVVQPGRELRLSCAASGRFTISSYG
MHWVRQAPGKGLEWVAVIWYDGSNKYYADSY
KORFTISRDNSENTLYLOMNSLRAEDTAVYYCA

REDFDSHYGMDVWGQGTTVTVSS 464
-2 SHYFER ,
465
-2 TLPLPEVOCFVENVEYMNCTWNSSSEPQPTNLTL

HYWYKNSDNDEVOKCSHYLFSEEITSGCOLOKK
BIHLYQTFVVGLODPREPRRCATOMLKLONLVIP
WAPENLTLHKLSESQLELNWNNRFLNHCLEHLY
QYRTDWDHSWTEQSVDYRHEKFSLPSVDGORRY
TFRVRSRFNPLCGSAQHW SEWSHPIHWGSNT 466

-2 TLPLPEVQCFVENVEYMNCTWNSSSEPOPTNLTL
HYWYKNSDNDKVOKCSHYLFSEEITSGCQLOKK
FIHLYQTFVVQLODPREPRRQATOMLKLONLVE | 467

L2 WSSKVLMSSANEDIK ADLILTSTAPEHLSAPTLPL
PEVQCFVFNIEYMNCTWNSSSEPQATNLTLHYR
YKVSDNNTFQECSHYLFSKEITSGCQIQKEDIQLY
QTFVVQLQDPOKPQRRAVQKLNLONLVIPRAPE
NLTLSNLSESQLELRWKSRHIKERCLQYLVQYRS
NRDRSWTELIVNHEPRFSLPSVDELKRYTFRVRS
RYNPICGSSQOQOWSKWSOPYHWGSHTVEENPSLE
ALEA 468
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fL-2and IL-15 | AVNGTSQFTCFYNSRANISCVWSODGALODTSC
QVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRCNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKQKQE
WICLETLTPDTQYEFQVRVKPLOGEFTTWSPWSQ
PLAFRTKPAALGKDTGGGGSGGGGSGGGGSISS
GLLSSGGSGGSLSGRSDNHGGGGSGGGGSLNTTI
LTPNGNEDTTADFFLTTMPTDSLSVSTLPLPEVQ
CFVFNVEYMNCTWNSSSEPOPTNLTLHYWYKNS
DNDKVKCSHYLFSEEITSGCQLOKKEIHLYQTFV
VOLODPREPRRQATQMLKLONLVIPWAPENLTL
HKLSESQLELNWNNRFLNHCLEHLVOQYRTDWD
HSWTEQSVDYRHKFSLPSVDGOKRYTFRVRSRE
NPLCGSAQHWSEWSHPIHWGSNTSKENPFLFAL
BA 469

-2 and IL-15 | AVNGTSQFTCFYNSRANISCVWSQDGALQDTSRC
QVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSOKLTTVDIVTILRVLCREGVRWRVMAIQDF
KPFENLREMAPISLQVVHVETHRCONISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLRKQKQE
WICLETLTPRTQYEFQVRVKPLQGEFTTWSPWS(Q
PLAFRTEPAALGKDTGOGGGRGGGGSGGGEGRISS
GLLSSGGSGGSLSGRSDNHGGGGSGGGGSAVNG
TSOQFTCFYNSRANISCVWSQDGALQDTSCQVHA
WPDRRRWNQTCELLPVSQASWACNLILGAPDSQ
KLTTVDIVTLRVLCREGVRWRVMAIQDFKPFEN
LRIMAPISLOVVHVETHRCNISWEISQASHYFER
HUEFEARTLSPGHTWEEAPLLTLKOKOQEWICLET
LTPDTQYEFQVRVKPLOGEFTTWSPWERQPLAFRT
KPAALGKDT 470
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H~2 and 1S L AVNGTSQFTCEFYNSRANISCVW SODGALQODTSC
OVHAWPDRRRWNQTCELLPVSQASWACNLILG
APESOKLTTVDIVILRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRONISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLL TLKQKQE
WICLETUTPDTOYEFQVRVKPLOGEFTTWSPWSQ
PLAFRTKPAALGKDT 471

-2 and B-15 | AVNGTSQFTCFYNSRANISCVWSQDGALQDTSC
QVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDHORKLTTVDIVILRVLCREGYRWRVMAIQDF
KPFENLRLMAPISLOQVVHVETHRCNISWEIS(QAS
HYFERHLEFEARTLSPGHTWEEAPLLTLRKQKQE
WICLETLTPRTOQYEFQVRVKPLOGEFTTWSPWSE(G
PLAFRTEPAALGKDT 472

H-2 and H-15 | AVNGTSQFTCFYNSRANISCVWERQDGALQDTSC
QVHAWPDRRRWNOTCELLPVSQASWACNLILG
APDSQKLTTQDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRUONISWEISQAS
HYFERBLEFEARTLSPGHTWEEAPLLTLK(OKQE
WICLETLTPDTOYEFQVRVKPLOGEFTTWSPWS(Q
PLAFRTKPAALGKDT 473

IL-2and [L-15 | AVNGTSQFTCFYNSRANISCYWSOQODGALQDTSC
OVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSQKLTTFDIVILRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLQVVHVETHRCNISWEISQAS
HYFERHLEFEARTLSPGHTWEEAPLLTLKQKQE
WICLETLTPDTQYEFQVRVKPLOGEFTTWSPWSQ
PLAFRTKPAALGKDT 474
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H~2 and 1S L AVNGTSQFTCEFYNSRANISCVW SODGALQODTSC
OVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSQKLTTYDIVILRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRONISWEISQAS
HYFQRHLEFEARTLSPGHTWEEAPLLTLKOQKOQE
WICLETUTPDTOYEFQVRVKPLOGEFTTWSPWSQ
PLAFRTKPAALGKDT 475

-2 and B-15 | AVNGTSQFTCFYNSRANISCVWSQDGALQDTSC
QVHAWPDRRRWNQTCELLPVSQASWACNLILG
APDSOQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOQVVHVETHRCNISWEIS(QAS
HYFOQRRLEFEARTLSPGHTWEEAPLLTLKOKQE
WICLETLTPRTOQYEFQVRVKPLOGEFTTWSPWSE(G
PLAFRTEPAALGKDT 476

H-2and H-15 | AVNGTSQFTCEFYNSYANISCYVWSODGALQDTSC
QVHAWPDRRRWNOTCELLPVSQASWACNLILG
APDSOQKLTTVDIVTLRVLCREGVRWRVMAIQDF
KPFENLRLMAPISLOVVHVETHRUONISWEISQAS
HYFERBLEFEARTLSPGHTWEEAPLLTLK(OKQE
WICLETLTPDTOYEFQVRVKPLOGEFTTWSPWS(Q

PLAFRTKPAALGKDT 477
-2 11.-15, INTTILTENGNEDTTADFFLTTMPTDSLSVSTLPL
and H.-21 PEVOQCFVFNVEYMNCTWNSSSEPQPTNLTLHYW

YKNSDNDK VQKCSHYLFSEEITSGCQOLOKKEIHL
YOTFVVQLODPREPRRQATOMLKLONLVIPWAP
ENLTLHKLSESQLELNWNNRFLNHCLEHLVOQYR
TOWDHSWTEQSVDYRHKFSLPSVDGQKRYTFR

VRSRFNPLCGSAQHWSEWSHPIHWGSNTSKENP
FLFALEA 478
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121 CPDLVCYTDYLOQTVICILEMWNLHPSTLTLTWO
DOYEELKDEATSCSLHRSAHNATHATYTCHMDYV
FHFMADDIFSYNITDQSGNY SQECGSFLLAESIKE
APPENVTVTFSGQYNISWRSDYEDPAFYMLKGK
LOYELQYRNRGDPWAVSPRRKLISVDSRSVSLLP
LEFRKDSSYELQVRAGPMPGSSYOQGTWSEWSDP
VIFQTOQSEELKE 479

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to llustrate
and not lumit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WHAT IS CLAIMED I8:

1. An activatable cytokine construct (ACC) that includes a first monomer construct
and a second monomer construct, wherein:

{(a} the first monomer construct comprises a first peptide mask (PM1), a first

mature cyvtokine protein {CP1), a first and a third cleavable moieties (CM1 and

CM3), and a first direrization domain (DD1), wherein the CM1 is positioned

between the CP1 and the DD1 and the CM3 is positioned between the PM1 and

the CP1; and

(b) the second monomer construct comprises a second mature cytokine

protein (CP2), a second cleavable moiety {CM2), and a second dimerization

domain {DD2}, wherein the CM2 is positioned between the CP2 and the DDZ;
wherein the DD1 and the DD?2 bind to each other thereby forming a dimer of the
first monomer construct and the second monomer construct,

the ACC is characterized in that it has at least one of the following characteristics:

{1} a structural arrangement in an N- to C-terminal direction comprising;
PMI1-CM3-CPI-CM1-DD1 and CPR-CM2-DD2, wherein DD and DD2
are dimerized;

(ity  wherein the first monomer construct is characterized in that the CP1 and
the DD are linked by a linking region of no more than 18 amine acids
such that the linking region of no more than 18 amino acids includes the
CM3;

(iti)  wherein the second monomer construct is characterized in that the CP2
and the D2D2 are linked by a linking region of no more than 18 amino
acids such that the linking region of no more than 18 amino acids includes
the CM2;

(iv}  wherein each of PM1 and PM2 is less than 40 amino acids;

(v}  wherein each of PM1 and PMZ is between 13 and 49 amino acids; and/or

(vi}  wherein each of PM1 and PM2 is not a receptor for the CP1 and the CP2
and wherein each of PM1 and PMZ2 is not a fragment of receptor for the

Pl and the CP2.
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U

~3

The ACC of claim 1, wherein the second monomer construct further comprises a
second peptide mask (PM2} and a fourth cleavable moiety {Ch4), wherein the
CM4 is positioned between the PM2 and the CP2.

The ACC of claim 1 or 2, wherein the first monomer construct comprises a first

polypeptide that comprises the PM 1, the CM3, the CP1, the CM1, and the DD1L

The ACC of any one or combination of claims 1-3, wherein the second movomer
construct comprises a second polypeptide that comprises the CP2, the CM2, and

the DD2.

The ACC of claim 2, wherein the second monomer construct comprises a second

polypeptide that comprises the PM2, the CM4, the CP2, the UM2, and the DD2.

The ACC of any one or combination of claims 1-5, wherein the CP1 and/or the
CP2 is/are each individually selected from the group consisting oft an interferon
an interfeukin, GM-CSF, G-CSF, LIF, O8M, CD154, LT-B, TNF-a, TNF-j, 4~
IBBL, APRIL, CD70, CD153, CD178, GITRL, LIGHT, OX40L, TALL-1,
TRAIL, TWEAK, TRANCE, TGF-B1, TGF-1, TGF-B3, Epo, Tpo, Fit-3L, 8CF,

£l

M-CSF, and MSP, optionally wherein the CP1 and/or the CP2 is independently
selected from 1L-2, IL-7, 11-8, H.-10, lL-12, H.-15, 1L.-21, an IFN-alpha, an IFN
beta, an IFN gamma, GM-CSF, TGF-beta, LIGHT, GITR-L, CD40L, CD27L, 4-
IBB-L, OX40, and OX40L.

The ACC of any oue or combination of claims 1-6, wherein:

the PM1 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 328,329, 323, and 331-369, and the CP1 is an interferon;

the PM1 comprises a sequence selected from the group consisting of SEQ 1D

NQOs: 328, 329, 323, and 331-364, and the CP1 is an interferon alpha;

223



WO 2022/197764 PCT/US2022/020492

the PM1 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 331-360, 362-364, and the CP1 is an interferon beta;

the PM1 comprises a sequence selected from the group consisting of SEQ 1D
NQOs: 331-360, 366-369, and the CP1 is an imterferon gamma;

the PM1 comprises a sequence selected from the group consisting of SEQ ID
NOs: 370-374, and the CP1 is an HL-12;

the PM1 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 375-382, 469-477 478, and the CP1 is an [L-15;

the PM 1 comprises a sequence selected from the group consisting of SEQ ID
WNOs: 383-468, 469-478, and the CP1is an 1L-2; or

the PM1 comprises a sequence selected from the group consisting of SEQ ID
NOs: 478 and 479, and the CP1is an [L-21.

8. The ACC of any one or combination of claims 2-7, wherein:
the PM2 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 328,329, 323, and 331-369, and the CP2 1s an interferon;
the PM2 comprises a sequence selected from the group consisting of SEQ {D
NOs: 328, 329, 323, and 331-364, and the CP2 is an interferon alpha;
the PM2 comprises a sequence selected from the group counsisting of SEQ ID
NOs: 331-360, 362-364, and the CP2 is an interferon beta;
the PM2 comprises a sequence selected from the group consisting of SEQ 1D
NOs: 331-360, 366-369, and the CP2 is an interferon gamma;
the PM2 comprises a sequence selected from the group cousisting of SEQ ID
WNOs: 370-374, and the CP2 is an [L-12;
the PM2 comprises a sequence selected from the group consisting of SEG 1D
NOs: 375-382, 469-477 478, and the CP2 is an L.-15;
the PM2 comprises a sequence selected from the group consisting of SEQ ID
WNOs: 383-468, 469-478, and the CP2 is an 1L-2; or
the PM2 comprises a sequence selected from the group consisting of SEQ ID

NOs: 478 and 479, and the CP2 15 an IL-21.
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14.

15.

16.

17.

The ACC of any one or combination of claims 2-8, wherein PM1, PM2, or PM1
and PM2 comprises SEQ 1D NO: 323

The ACC of any one or combination of claims 2-9, wherein PM1, PM2, or PM1
and PM2 comprises SEQ ID NG: 331

The ACC of any one or combination of claims 2-10, wherein PM1, PM2, or PM1
and PM2 comprises SEQ [D NO: 332,

The ACC of any one or combination of claims 2-11, comprising a mask livking
region between PM1 and CP1 that comprises 15, 16, 17, 18, 19, 20, 21, or 22
amino acids.

The ACC of any one or combination of claims 2-12, comprising a mask linking
region between PM2 and CP2 that comprises 15, 16, 17, 18, 19, 20, 21, or 22
amino acids.

The ACC of any one or combination of claims 1 to 13, wherein the DD1 and the
DD2 are a pair selected fror the group consisting oft a pair of Fe domains; a
sushi domain from an alpha chain of human 1L-15 receptor (IL15Rg) and a
soluble IL-15; barnase and barnstar; a PKA and an AKAP; adapter/docking tag
modules based on mutated RNase I fragments; an epitope and sdAb; an epitope
and scFv; and SNARE modules based on interactions of the proteins syntaxin,
synaptotagmin, synaptobrevin, and SNAP2ZS; an antigen-binding domain and an

epitope.

The ACC of claim 14, wherein the DD1 and the DD?2 are a pair of Fo domains.

The ACC of claim 15, wherein the pair of Fc domains is a pair of human F¢

domains.
The ACC of claim 16, wherein the human Fc domains are human IgG1 Fe

domains, human 1gG2 Fe domains, human 1gG3 Fe domains, or human IgG4 Fe

domains.
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19.

20,
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26.

The ACC of claim 17, wherein the human Fc domains are human IgG4 Fc

domatns.

The ACC of claim 16, wherein the human Fc domains comprise a sequence that is

at least 80% identical to SEQ 1D NG: 3.

The ACC of claim 19, wherein the human Fo domains comprise a sequence that is

at least 90% identical to SEQ 1D NO: 3.

The ACC of claim 20, wherein the human Fc domains comprise SEQ 1D NG 3.

The ACC of claim 14, wherein the DD1 and the DD2 comprise SEQ 1D NOs: 318

and 319, respectively.

The ACC of any one or combination of claims 1-21, wherein the DD1 and the

D2 are the same.

The ACC of claim 14, wherein the DD1 comprises an antigen-binding domain

and DD?2 comprises a corresponding epitope.

The ACC of claim 24, wherein the antigen-binding domain is an anti-His tag

antigen-binding domain and wherein the DD2 comprises a His tag.

The ACC of claim 24, wherein the antigen-binding domain is a single chain

variable fragment (scFv).

The ACC of claim 24, wherein the antigen-binding domain is a single domain

antibody (sdAb).
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28.

29,

31

34.

s
A

The ACC of claim 14, wherein at least one of the DD and the DD2Z comprises a
dimerization domain substituent selected from the group consisting of a non-

polypeptide polymer and a small molecule.

The ACC of claim 28, wherein the D21 and the PD2 comprise non-polypeptide

polymers covalently bound to each other.
The ACC of claim 29, wherein the non-polypeptide polvmer is a sulfur-containing
polyethylene glycol, and wherein the BD1 and the BD2 are covalently bound to

each other via one or more disulfide bonds.

The ACC of claim 28, wherein at least one of the DD1 and the DD2 comprises a

small molecule.

The ACC of claim 31, wherein the small molecule is biotin.

The ACC of claim 32, wherein DD comprises bictin and DD2 comprises an

avidin,

The ACC of any one or combination of claims 1-33, wherein the CP1 and the CP2

are mature cytokines.

The ACC of any oue or combination of claims 1-33, wherein the CP1 and the CP2

comprise a signal peptide.

The ACC of any one or combination of claims 1-35, wherein the CP1 and the CP2

are the same.

The ACC of any one or combination of claims 1-35, wherein the CP1 and the CP2

are different.
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40.

41.

44.

49,

The ACC of any one or combination of claims 1-35, wherein the CP1 and/or the

CP2 is/are an interferon.

The ACC of claim 38, wherein the CP1 and the CP2 are an interferon.

The ACC of claim 38, wherein the CP1 and the CPZ are different interferons.

The ACC of claim 38, wherein the CP1 and the CP2 are the same interferon.

The ACC of any one one or combination of claims 38-41, wherein the

interferon(s) is/are a human wildtype mature interferon.

The ACC of any one one or combination of claims 38-42, wherein the
interferon{s) is/are selected from the group consisting of interferon-alpha,
interferon-beta, interferon-omega, and interferon-tau.

The ACC of claim 43, wherein the interferons is/are an interferon-alpha.

The ACC of claim 44, wherein the interferon{s} is/are selected from the group

consisting of interferon alpha-2a, interferon alpha-2b, and interferon alpha-n3.

The ACC of claim 45, wherein the interferon(s) 1s/are interferon alpha-2b.

The ACC of claim 46, wherein the CP1 and/or the CP2 comprises a sequence that

i3 af least 80% identical to SEQ 1D NO: 1.

The ACC of claim 47, wherein the CP1 and/or the CP2 comprises a sequence that

is at least 90% identical to SEQ ID NO: 1.

The ACC of claim 48, wherein the CP1 and/or the CP2 comprises the sequence of

SEQIDNO: 1
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50. The ACC of claim 43, wherein the interferon is an interferon beta.

51 The ACC of claim 50, wherein the interferon beta is selected from the group
consisting of interferon beta-1a, and interferon beta-1b,

52. The ACC of any one ot combination of clairos 1-51, wherein the CP1 and/or the
CP2 comprises an IFab domain.

53 The ACC of any one or combination of claims 1-38, wherein the CP1 and/or the
CP2 comprises an interleukin.

34. The ACC of claim 53, wherein the interleukin is selected from the group
consisting of IL-Tor, IL-18, IL-1RA, HL-18, 1.-2, 14, HL-7, 1L.-9, 1L.-13, 1L-15,
I3, 1L-5, -6, H-11, [L-12, H-10, 1220, 1L-21, §.-14, 116, and 1-17.

58, The ACC of any one or combination of claims 1-54, wherein each of the CM]1
and the CM?2 comprises a total of about 3 aminoe acids to about 15 amino acids.

56. The ACC of any one or combination of claims 1-55, wherein one or more of the

CM1, the CM2, the CM3, and the CM4 comprise substrates for different

proteases.

57. The ACC of any one or combination of claims 1-56, wherein the CM1, the CM2,

and the CM3 comprise substrates for the same protease.

(¥
o

The ACC of any one or combination of claims 1-57, wherein the protease(s) is/are
selected from the group consisting of. ADAMS, ADAMS, ADAMIO0, ADAMI2,
ADAMIS, ADAMIT/TACE, ADAMDECT, ADAMTSI, ADAMTS4,
ADAMTSS, BACE, Renin, Cathepsin D, Cathepsin E, Caspase 1, Caspase 2,
Caspase 3, Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8, Caspase 9,
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60.

Caspase 10, Caspase 14, Cathepsin B, Cathepsin C, Cathepsin K, Cathespin L,
Cathepsin 3, Cathepsin V/L2, Cathepsin X/Z/P, Cruzipain, Legumain, Otubain-2,
KIK4, KLKS, KLK6, KLK7, KLKS, KLK10, KLKI1, KLK13, KEK 14, Meprin,
Neprilysin, PSMA, BMP-1, MMP-1, MMP-2, MMB-3, MMP-7, MMP-9, MMP-
10, MMP-11, MMP-12, MMP-13, MMP-14, MMP-15, MMP-16, MMP-17,
MMP-19 MIMP-20, MMP-23, MMP-24, MMP-26, MMP-27, activated protein C,
cathepsin A, cathepsin G, Chymase, FVIla, FIXa, FXa, FXia, FXIia, Elastase,
Granzyme B, Guanidinobenzoatase, HtrAl, human neutrophil lyase, lactoferrin,
marapsin, NS83/44A, PACE4, Plasmin, PSA, tPA, thrombin, tryptase, uP4,
DESCL, DPP-4, FAP, Hepsin, Matriptase-2, MT-8P1/Matripase, TMPRSS2Z,
TMPRSS3, and TMPRSS4.

The ACC of claim 58, wherein the protease(s) is/are selected from the group
consisting oft uPA, legurnain, MT-5P1, ADAM17, BMP-1, TMPRSS3,
TMPRSS4, MMP-2 MMP-9, MMP-12, MMP-13, and MMP-14.

The ACC of any one or combination of claim 1-57, wherein the CM1, CMZ,
CM3, and/or the CM4 comprise a sequence selected from the group consisting of!
LSGRSDNH (SEQ D NG: 5), TGRGPSWYV (SEQ 1D NO: 6), PLTGRSGG
(SEQ IDNO: 7), TARGPSFK (SEQ ID NO: 8), NTLSGRSENHSG (SEGQ ID
NG 9), NTLSGRSGNHGS (SEQ 1D NO: 103, TSTSGRSANPRG (SEQ 1D NO:
11), TSGRSANP (SEQ ID NO: 12), VHMPLGFLGP (SEQ ID NO: 13),
AVGLLAPP (SEQ ID NO: 14), AQNLLGMYV (SEQ ID NO: 15), QNQALRMA
(SEQ ID NO: 16), LAAPLGLL (SEQ ID NO: 17}, STFPFGMF (SEQ 1D NO:
18), ISSGLLSS (SEQ ID NO: 19), PAGLWLDP (SEQ ID NO: 20), VAGRSMRP
(SEQ ID NO: 21), VVPEGRRS (SEQ ID NO: 22), ILPRSPAF (SEQ ID NO: 23),
MVLGRSLL (SEQ ID NO: 24), QGRAITFI (SEQ ID NO: 25), SPRSIMLA
(SEQ I3 NO: 26), SMLRSMPL (SEQ 1D NO: 27), ISSGLLSGRSDNH (SEQ 1D
NG: 28), AVGLLAPPGGLSGRSDNH (SEQ ID NO: 29),
ISSGLLSSGGSGOSLSGRSDNH (SEQ 1D NO: 303, LSGRSGNH (SEQ 1B NO:
31), SGRSANPRG (SEQ ID NO: 32), LSGRSDDH (SEQ ID NO: 33),
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LSGRSDIH (SEQ ID NO: 34), LSGRSDQH (SEQ ID NO: 35), LSGRSDTH
(SEQ ID NO: 36), LSGRSDYH (SEQ ID NO: 37), LSGRSDNP (SEQ ID NO:
38), LSGRSANP (SEQ ID NO: 39), LSGRSANI (SEQ ID NO: 40), LSGRSDNI
(SEQ ID NO: 41), MIAPVAYR (SEQ ID NO: 42), RPSPMWAY (SEQ ID NO:
433, WATPRPMR (SEQ ID NO: 44), FRLLDWOQW (SEQ ID NO: 45, ISSGL
(SEQ ID NO: 46), ISSGLLS (SEQ ID NO: 47), ISSGLL (SEQ ID NO: 48),
ISSGLLSGRSANPRG (S8EQ ID NO: 49). AVGLLAPPTSGRSANPRG (SEQ ID
NO: 50), AVGLLAPPSGRSANPRG (SEQ ID NO: 51), ISSGLLSGRSDDH
(SEQ ID NO: 52), ISSGLLSGRSDIH (SEQ ID NO: 53), ISSGLLSGRSDOH
(SEQ ID NO: 54), ISSGLLSGRSDTH (SEQ D NO: 55), ISSGLLSGRSDYH
(SEQ ID NO: 56), ISSGLLSGRSDNP (SEQ ID NO: 57), ISSGLLSGRSANP
(SEQ D NO: $8), ISSGLLSGRSANI (S8EQ ID NO: 59),
AVGLLAPPGGLSGRSDDH (SEQ ID NO: 60), AVGLLAPPGGLSGRSDIH
(SEQ ID NO: 61), AVGLLAPPGGLSGRSDOQH (SEQ D NO: 62),
AVGLLAPPGGLSGRSDTH (SEQ ID NO: 63), AVGLLAPPGGLSGRSDYH

AVGLLAPPGGLSGRSANP (SEQ ID NO: 66), AVGLLAPPGGLSGRSANI
(SEQ ID NO: 67), ISSGLLSGRSDNI (SEQ ID NO: 68),
AVGLLAPPGGLSGRSDNI (SEQ ID NO: 69), GLSGRSDNHGGA VGLLAPP
(SEQ ID NO: 70}, GLSGRSDNHGGVHMPLGFLGP (SEG ID NO: 71),
LSGRSDNHGGVHMPLGFLGP (SEQ 1D NO: 72), ISSGLSS (SEQ ID NO: 73),
PYGYTSSL (SEQ ID NO: 74), DWLYWPGI (SEQ ID NO: 75), LKAAPRWA
(SEQ ID NO: 76), GPSHLVLT (SEQ ID NO: 77), LPGGLSPW (SEQ ID NO:
78), MGLFSEAG (SEQ ID NO: 79), SPLPLRVP (SEQ ID NO: 80),

(SEQ ID NO: 83), GPRSFG (SEQ ID NO: 84), SARGPSRW (SEQ ID NO: 85),
GGWHTGRN (SEQ ID NO: 86), HTGRSGAL (SEQ ID NO: §7), AARGPATH
(SEQ ID NO: 88), RGPAFNPM (SEQ [D NO: 89), SSRGPAYL (SEQ ID NO:
90y, RGPATPIM (SEQ ID NO: 91), RGPA (SEQ ID NO: 92), GGQPSGMWGW
(SEQ ID NO: 93), FPRPLGITGL (SEQ ID NO: 94), SPBLTGRSG (SEQ 1D NO:
95), SAGFSLIPA (SEQ ID NO: 96), LAPLGLQRR (SEQ ID NO: 97),
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61.

64,

65,

66.

67,

63,

SGGPLGVR (SEQ 1D NO: 98), PLGL (SEQ ID NO: 99}, and SGRSDNI (SEQ
D NO: 100).

The ACC of claim 60, wherein the CM1, the CM2, the CM3 and/or the CM4
comprises a sequence selected from the group consisting oft ISSGLLSGRSDNH
(SEQ ID NO: 28), LSGRSDDH (SEQ ID NO: 33), ISSGLLSGRSDGH (SEQ ID
NO: 54), SGREDNI (SEQ 1D NQ: 100), and ISSGLLSGRSDNI (SEQ ID NG:
68).

The ACC of any one or combination of claims 1-61, wherein the protease(s) is/are

produced by a tumor in a subject.

The ACC of claim 62, wherein the subject has been diagnosed or identified as

having a cancer.

The ACC of any one or combination of claims 1-63, wherein the CP1 and the

CM1 directly abut each other in the first monomer construct.

The ACC of any one or combination of claims 1-64, wherein the CM1 and the

DD1 directly abut each other in the first monomer construct.

The ACC of any one or combination of claims 1-65, wherein the CP2 and the

M2 direcily abut each other in the second monomer construct.

The ACC of any one or combination of claims 1-66, wherein the CM2 and the

D02 directly abut each other in the second monomer construct.

The ACC of any one or combination of claims 1-63, wherein the first monomer

construct comprises at least one linker.

NI
3
~1
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69.

70.
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73.

The ACC of claim 68, wherein the at least one linker is a linker L1 disposed
between the PM1 and the CM3 and/or a linker L2 disposed between the CM3 and

the CPL.

The ACC of claim 68, wherein the second monomer construct comprises at least

one linker.

The ACC of claim 70, wherein the at least one linker is a linker 1.3 disposed
between the PM2 and the CM4 and/or a linker L4 disposed between the CM4 and

the CP2.

The ACC of claim 71, wherein the first monomer construct comprises a linker L1

and the second monomer construect comprises a linker L3

The ACC of claim 72, wherein L1 and L3 are the same.

The ACC of claim 71, wherein the first monomer construct comprises a linker 1.2

and the second monomer construct comprises a linker L4,

The ACC of claim 74, wherein L2 and L4 are the same.

The ACC of any one or combination of claims 68-75, wherein each linker has a

total length of 1 amino acid to about 15 amino acids.

The ACC of claim 76, wherein each linker has a total length of at least S amino

acids.

The ACC of claim 08, wherein the first monomer construct comprises at least one
finker, wherein each linker 18 independently selected from the group consisting of
GSSGGSGGRGG (SEQ 1 NO: 210), GGGS (SEQ ID NG 2), GGGSGGGS
(SEQ D NG: 211);, GGGSGGGSGGGS (SEQ 1D NO: 212y
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80.

&1.

GGGGSGGGGSGGGGS (SEQ ID NO: 213);
GGGGSGGGGSGGGGSGGGGSGGGES (SEQ D NO: 214); GGGGSGGGGS
(SEQ B3 NO: 215);, GGGES (SEQ ID NO: 216); GS; GGGGRGS (REQ ID NG
217y, GGGGSGGGGSGGGGSGS (SEQ ID NO: 218);, GGSLDPKGGGGS (SEQ
D NG 219); PKSCDKTHTCPPCPAPELLG (REQ 1D NG: 220);
SKYGPPCPPCPAPEFLG (SEQ ID NO: 221) GKSSGSGSESKS (SEQ 1D NO:
222); GSTSGSGRSSEGKG (SEQ ID NO: 223);, GETSGSGKSSEGSGSTKG
(SEQ ID NG: 224); GSTSGSGKPGSGEGSTKG {(SEQ ID NO: 225);
GSTSGSGKPGSSEGST (SEQ ID NG: 226), (GSn, (GGS)in, (GRGGSn (SEQ
NG 227), (GGGSH (SEQ D NO: 228), (GGGGS)n (SEQ 1D NG 216),
wherein each n is an integer of at least one; GGG (SEQ ID NO: 229);, GGSGG
(SEQ 13 NO: 230); GSGSG (SEQ ID NO: 231, GSGGG (SEQ ID NO: 2323
GGGSG (SEQ ID NO: 233); GSSSG (SEQ ID NO: 234);
GGGGSGGGGSGGGES (SEQ ID NO: 213y, GGGGSGGGGRGGGGSGGGES
{SEQ ID NO: 214); GSTSGSGKPGSSEGST (SEQ ID NO: 226); SGGG (SEQ
ID NO: 327), and SGGGG (SEQ 1D NO: 492),

The ACC of claim 78, wherein the linker comprises a sequence of GGGS (SEQ
D NG 2).

The ACC of any one or combination of claims 1-79, wherein the first monomer
construct comprises in a N- to C- terminal direction, the PM 1, the CM3, the CP1,

the CM1, and the DDI.

The ACC of any one or combination of claims 1-79, wherein the first polypeptide
comprises in a C- to N-terminal direction, the PM1, the CM3, the CP1, the CM1,
and the DD1.

The ACC of any one or combination of claims 1-81, wherein the second
polypeptide comprises in a N- to C-terminal direction, the CP2, CM?2, and the

D2
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84,
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86.

o0
-t

88.

The ACC of any one or combination of claims 1-82, wherein the second
polypeptide comprises in a C- to N-terminal direction, the CP2, CM2, and the

DD2.

The ACC of any one or combination of claims 1-36, 38, 39, or 41-83, wherein the
first monomer construct and the second monomer construct are the same, and
wherein each of the first monomer construct and the second monomer construct

has only one peptide mask.

The ACC of any one or combination of claims 1-79, wherein the first monomer
construct comprises in a N-to C- terminal direction, the PM1, an optional linker,
the CM3, an optional linker, the CP1, the CM1, and the DD1, wherein the CP1
and the CM1 directly abut each other, wherein the CM1 and the DD1 directly
abut each other, wherein the CM1 is a peptide of not more than 10 amino acids,
wherein the second monomer construct 18 the same as the first movorer
construct, and wherein the first and second monomer constructs are covalently

bound to each other via at least two disulfide bonds.

The ACC of claim 85, wherein the DB and the DD2 are each a human Fe
domain having an N-terminus at Cysteine 216, as numbered according to EU

numbering.

The ACC of claim 85 or 86, wherein the CM1 is a peptide of not more than 7

amino acids.
The ACC of any one or combination of claim 85-87, wherein the CP1 and the

CP2 comprise an amino acid sequence that is at least 90% identical to SEQ ID

NO: L

240
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39.

90,

o1,

94,

9s.

8o,

The ACC of any one or combination of claims 1-88, wherein the ACC is
characterized by having a reduced level of at least one CP1 and/or CP2 activity as

compared to a control level of at least one CP1 and/or CP2 activity.

The ACC of claim 89, wherein the at least one of the CP1 and the CP2 activity is

a level of proliferation of lymphoma cells.

The ACC of claim 89, wherein the at least one of the CPland the CP2 activity is

the level of JAK/STAT/ISGE3 pathway activation 1n a lymphoma cell.

The ACC of claim 89, wherein the at least one activity 18 a level of SEAP

production in a lymphoma cell.

The ACC of claira 89, wherein the ACC is characterized by at least a 2-fold
reduction in at least one of the CP1 and the CPZ activity as compared to the

control level.

The ACC of claim 93, wherein the ACC is characterized by at least a S-fold
reduction in at {east one CP1 and/or the CP2 activity as compared fo the control

fevel.

The ACC of claim 94, wherein the ACC is characterized by at least a 10-fold
reduction in at least one activity of the CP1 and/or the CP2 as compared to the

control level.
The ACC of claim 95, wherein the ACC is characterized by at least a 500-fold

reduction in at least one CP1 and/or the CP2 activity as compared to the control

fevel.
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97. The ACC of any one or combination of claims 89-95, wherein the control level of
the at least one activity of the CP1 and/or the CP2, is the activity of the CP1

and/or the CP2 in the ACC foliowing exposure of the ACC to the protease(s).

98.  The ACC of any one or combination of claims 89-97, wherein the control level of
the at least one CP1 and/or CP2, is the corresponding CP1 and/or the CP2 activity

of a corresponding wildtype mature cytokine.

99, The ACC of any one or combination of claims 88-98, wherein the ACC is
charactesized by generating a cleavage product foliowing exposure fo the
protease(s), wherein the cleavage product comprises the at least one activity of the

CP1 and/or the CP2.

100, The ACC of claim 99, wherein the at least one activity of the CP1 and/or the CP2

is anti-profiferation activity.

101, The ACC of claim 100, wherein the control level is an HCS0 value, and wherein
ratio of ECS0 {cleavage product) to EC50 (control level} is less than about 10, or
less than about 9, or less than about 8, or iess than about 7, or less than about 6, or
fess than about 5, or less than about 4, or less than about 3, or less than about 2, or

less than about 1.3, or less than about 1.0

102, The ACC of any oue or combination of claims 1-101, wherein the first movomer
construct is characterized in that the CP1 and the DD are linked by a linking
region of no more than 12 amino acids such that the linking region of no more

than 12 amino acids includes the CM3.

103, The ACC of any one or combination of claims 1-102, wherein the second
monomer construct 1s characterized in that the CP2 and the DD2 are linked by a
linking region of no more than 12 amino acids such that the linking region of no

more than 12 amino acids includes the CM2.
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104.

106.

107.

108.

109.

110,

{1L

113.

114

11s.

The ACC of any one or combination of claims 1-103, wherein the PM! comprises

{ess than 50 amino acids.

The ACC of any one or combination of clairns 2-104, wherein the PM2 comprises

less than 50 amino acids.

The ACC of claim 105, wherein each of PM1 and PM2 is less than 19 amino
acids.

The ACC of any one or combination of claims 1-103, wherein the PM 1 isnota

iatency associated peptide and the PM2 s not a latency associated peptide.

The ACC of any one or combination of claims 1-103, wherein the PMI tsnot a

cytokine and the PM2 is not a eytokine.

The ACC of any one or combination of claims 1-103, wherein the PM1 isnot a

receptor for a cytokine and is not a fragment of a receptor for a cytokine.

The ACC of any one or combination of claims 1-103 and 109, wherein the PM2 is

not a receptor for a cytokine and is not a fragment of a receptor for a cytokine.

The ACC of any one or combination of claims 1-103, wherein the PM1 is not an
albumin and the PMZ2 is vot an albumin.

A composition comprising an ACC of any one or a combination of claims 1-111.

The composition of claim 112, wherein the composition is a pharmaceutical

composition.

A container, vial, syringe, injector pen, or kit comprising at least one dose of the

composition of claim 112 or 113,

A method of treating a subject in need thereof comprising adminisiering to the
subject a therapeutically effective amount of the ACC of any one of claims 1-96or

the composition of claims 112 or 113,

243



WO 2022/197764 PCT/US2022/020492

116.  The method of claim 115, wherein the subject has been identified or diagnosed as

having a cancer.

117, The method of claim 116, wherein the cancer is a lymphoma.

118, The method of claim 117, wherein the lymphoma 1s Burkitt’s lymphoma.

119. A nucleic acid encoding a polypeptide that comprises the CP1 and the CM1 of the

ACC of any one or a combination of claims 1-111.

120, The nucleic acid of claim 109, wherein the polypeptide further comprises the

DD of any one or combination of claims 1-21 or claims 28-111.

121, A nucleic acid encoding a polypeptide that comprises the CP2 and the CM2 of the

ACC of any one or combination of claims 1-111.

122, The nucleic acid of claim 111, wherein the polypeptide further comprises the

DD2 of any one or combination of claims 1-21 or claims 28-111.

s
NS4
[FS]

A vector comprising the nucleic acid of any one or a combination of claims 119-

122.

124, The vector of claim 123, wherein the vector is an expression vector.

-
N2
R

A cell comprising the nucleic acid of any one or a combination of claims 119-122

or the vector of claim 123 or 124.

126. A pair of nucleic acids that together encode a polypeptide that comprises the CP1
and the CM1 of the first monomer construct and a polvpeptide that comprises the
CP2 and the CM2 of the second monomer construct of any one or combination of
claims 1-111.
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128,

129.

oy
[SM]

133.

A pair of vectors that together comprise the pair of nucleic acids of claim 126.

The pair of vectors of claim 127, wherein the pair of vectors is a pair of

expression vectors.

A cell comprising the pair of nucleic acids of claim 126 or the pair of vectors of

claims 127 or 128,

A method of producing an ACC comprising:

a. culturing a cell of claim 125 or 129 in a liquid culture medium under
conditions sufficient to produce the ACC; and

b. recovering the ACC from the cell or the liguid culture medium.

The method of claim 130, further comprising: isolating the ACC recovered from

the cell or the liguid culture medium.

The method of claim 131, further comprising: formulating tsolated ACC into a

pharmaceutical composition.

An ACC produced by the method of claim 130,

A composition coruprising an ACC of claim 133.

The composition of claim 134, wherein the composition is a pharaceutical

composition.

A container, vial, syringe, injector pen, or kit comprising at least one dose of the

composition of claim 134 or 135,
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137, The ACC of any one or combination of claims 89-101, wherein the at least one of
the CP1 and the CPZ activity is a binding affinity of the CP1 and/or the CP2 for

its cognate receptor as determined using surface plasmon resonance.

138.  An activatable cytokine construct (ACC) comprising a first monomer construct
and a second monomer construct, wherein:

(a) the first monomer construct is a polypeptide comprising a first peptide mwask
{(PM1), a first mature cytokine protein (CP1), a first and a third cleavable moieties (CM1
and CM3), and a first dimerization domain (DD1);

{br) the second monomer construct is a polypeptide comprising a second pepiide
mask {(PM2}, a second mature cytokine protein {CP2), a second and a fourth cleavable
moieties (CM2 and CM4), and a second dimerization domain (DD2);

(¢} the first monomer construct comprises, in an N- to C- terminal direction, the
PMI, the CM3, the CP1, the CM1, and the DD, further wherein:

(i} the PM1 comprises no more than 20 amino acids and binds to the CP1,

(i) the CM1 and the DD directly abut each other,

(i1t} the CP1 and the CM1 directly abut each cther,

(iv} the CM1 comprises no more than 12 amino acids,

{v) the CM1 and the CM3 each functions as a substrate for a protease, and

{vi) the CP1 is a mature interferon;

() further wherein:

(i} the second monomer construct is the same as the first monomer
construct,

(i1} the D1 and the DD2 are a pair of human IgG Fc domains;

(iii) the DD and the DD2 bind to each other via at least one disulfide
bond, thereby forming a homodimer of the first monomer construct and the
second monomer construct; and
{e) the ACC is characterized by having a reduced level of interferon activity as

compared to a corresponding wildtype 1nterferon or a corresponding pegylated interferon,
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130.

140

141.

142

144.

148.

The ACC of claim 138, wherein the CP1 is a mature interferon-alpha and the

PM1 comprises a sequence that is at least 853% identical to SEQ ID NO: 323,
The ACC of claimm 138 or 139, wherein the CM1 and the CM3 each independently
functions as a substrate of urokinase (uPa) and/or a matrix metalloproteinase

(MMP),

The ACC of claim 140, wherein the CM1 and the CM3 each independently

functions as a subsirate of urokinase (uPa) and/or MMP-14,

The ACC of any one or combination of claims 138-141, wherein the mature

interferon is a mature human interferon alpha.

The ACC of any one or combination of claims 138-142, wherein the mature

interferon aipha is mature interferon alpha-2b.

The ACC of any one or combination of claims 138-143, wherein the mature

interferon alpha is a truncated form of a wildtype mature interferon alpha-2b.

The ACC of any one or combination of claims 138-144, wherein the mature

interferon comprises a sequence that is at least 95% identical to SEQ 1D NG 1.

The ACC of any oue or combination of claims 138-145, wherein the mature

interferon comprises the sequence of SEQ D NG: 1

The ACC of any one or combination of claims 138-146, wherein the CM1 and the

CM3 each coraprises no more than 8 amino acids.

The ACC of any one or combination of claims 138-147, wherein the CM1 and the

CM3 are the same.
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149,
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151
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154.

156.

157.

158,

The ACC of any one or combination of claims 138-148, wherein the CM!1 and the

CM3 each comprises a sequence that is at least 85% identical to SEQ ID NO: 41

The ACC of any one or combination of claims 138-148, wherein the CM1 and the
CM3 each comprises a sequence selected from the group consisting of SEQ 1D

NO: 41, SEQ ID NO: 68, and SEQ D NO: 100.

The ACC of any one or combination of claims 138-150, wherein the DD1 and the

DD2 are a paur of human IgG4 Fe domains.

The ACC of claim 151, wherein the DD and the DD2 are a pair of human IgG4
Fe domains truncated at N-terminus to Cysteine 226 as numbered by EU

aumbering.

The ACC of claim 151 or 152, wherein the human Ig(G4 Fc domains comprise a

S228P mutation as numbered by EU nurbering.

The ACC of any one or combination of claims 138-153, wherein the DD1 and the

D2 each comprises a sequence that ts at least 95% tdentical to SEQ 1D NGO: 3.

The ACC of any one or combination of claims 138-154, wherein the DD1 and the
DD2 each comprises the sequence of SEQ ID NG: 3.

The ACC of any one or combination of claims 138-155, wherein the first and
second monomer constructs are covalently bound to each other via at least two

disulfide bonds.

The ACCT of claim 156, wherein the first and second monomer constructs are

covalently bound to each other via at least three disulfide bonds.

The ACC of any one or combination of claims 138-157, wherein:

243



WO 2022/197764 PCT/US2022/020492

the first monomer construct further comprises a first signal sequence at the N-terminus,

159,

160,

16l

163,

164.

165,

and the second monomer construct further comprises a second signal sequence at

the N-terminus.

The ACC of claim 158, wherein the first and second signal sequences each

comprises a sequence that is at least 95% identical to SEQ 1D NO: 244,

The ACC of claim 159, wherein the first and second signal sequences each

comprises the sequence of SEQ 1D NO: 244,

The ACC of any one or combination of claims 158-160, wherein:

the first monomer construct further comprises a first spacer positioned between
the first signal sequence and the PM1, and the second monomer construct further
comprises a second spacer positioned between the second signal sequence and the
PM2Z, and wherein each of the first monomer construct and the second monomer

construct has only one peptide mask.

The ACC of claim 161, wherein the first and second spacers each comprises a

sequence that is at least 80% identical to SEQ 1D NO: 256,

The ACC of claim 162, wherein the first and second spacers each comprises a

sequence of SEQ ID NG: 256.

The ACC of any one or combination of claims 138-163, further comprising a
finker L1 between the PM1 and the CM3, and/or a linker L2 between the CM3
and the CP1, wherein each of L1 and L2 independently comprises a sequence that
is at least 80% identical to SEQ ID NG: 27 (wherein n=1), a sequence that is at

feast 80% identical to SEQ 1D NO: 324, or is absent.

The ACC of claim 164, wherein the 1.1 comprises the sequence SEQ 113 NO: 27
(wherein n=1} and L2 comprises the sequence of SEQ 1D NO: 324,
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166.

167.

168,

169

170.

171

174,

The ACC of any one or combination of claims 138-165 comprising a linking

region comprising no more than 12 amino acids.

The ACC of claim 166, wherein the linking region comprises 7 to 12 amino acids.

The ACC of claim 166, wherein the Hinking region comprises 7 amino acids.

The ACC of any one or combination of claims 138-168, wherein the ACC s
charactesized by at least a 2000-foid reduction in interferon alpha activity as

compared to wildtype interferon alpha.

The ACC of claim 169, wherein the ACC is characterized by at least a 4000-fold

reduction wn interferon alpha activity as compared to wildtype interferon alpha.

The ACC of claim 170, wherein the ACC 1s characterized by at Jeast a 5000-fold

reduction in interferon alpha activity as compared to wildtype interferon alpha.

The ACC of any one or combination of claims 138-168, wherein the ACC is
characterized by at least a 2000-fold reduction in interferon alpha activity as

compared to pegylated interferon alpha.

The ACC of any one or combination of claims 138-172, wherein the reduction in
interferon activity is determined by comparing the EC50 of the ACC with the
HCSO of the wildtype interferon or the pegylated interferon in av anti-proliferation

assay in lymphoma cells.
The ACC of any one or combination of claims 138-173, wherein the reduction in
interferon activity is determined by comparing the ECS50 of the ACC with the

BCSO of the wildtype interferon or the pegylated interferon in an assay of
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175.

176.

177.

178,

induction of secreted embryonic alkaline phosphatase production in interferon-

responsive HEK293 cells.

The ACC of any of claims 138-174, wherein the ACC 1s further characterized by
generating a cleavage product following exposure to the protease(s) for which
CM1 and CM3 function as a substrate, wherein the ratio of the interferon activity
of the corresponding wildiype interferon to the cleavage product is less than about

2

The ACC of claim 175, wherein the ECS0 of the cleavage product is

approximately the same as the ECS50 of the corresponding wildtype interferon.

The ACC of claim 138, wherein the first and second monomer constructs each
comprises a sequence that 1s at least 95% identical to SEQ ID NGO: 321 or wherein
each of the first and second monomer constructs comprises the sequence of SEQ
ID NO: 321, wherein the ACC is characterized by at feast a 1000-fold reduction
in interferon activity as compared to wildtype interferon alpha-2b, and wherein
the ACC is further characterized by generating a cleavage product following
exposure to uPA, wherein the cleavage product has approximately the same
interferon activity as wildtype interferon alpha-2b, wherein interferon activity is
measured in an anti-proliferation assay in lymphoma cells or in an assay of
induction of secreted embryonic alkaline phosphatase production in interferon-

responsive HEK293 cells.

An activatable cytokine construct (ACC) comprising a first monomer construet

and a second monomer construct, wherein:

(a) the first monomer construct comprises a first peptide mask (PM1), a first
mature cytokine protein {CP1}, a first and a third cleavable moieties (CM1 and

CM3), and a first dimerization domain {(DD1);
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180.

{b) the second monomer construct is a polypeptide comprising a second peptide
mask (PM2), a second mature cytokine protein (CP2), a second and a fourth
cleavable moieties (CM2 and CM4}, and a second dimerization domain (DD2);
(c) the first monomer construct 18 a polypeptide comprising, in an N-t0 C-
terminal direction, the PM1, the CM3, the CP1, the CMI, and the DD, further
wherein:

(1) the PM1 comprises a sequence that is at least 85% identical to SEQ ID
NG 323,

(ii) the CM1 and the DD directly abut each other,

{iit) the CM1 comprises a sequence that is at least 85% identical to SEQ
IDNO: 41, and

(iv) the CP1 comprises a sequence that is at least 85% identical to SEQ ID
NO: 1
{d) further wherein:

{1) the second monomer construct is the same as the first monomer
consiruct,

(i1} the DD and DD2 are a pair of human {gG4 Fc domains;
(e} the DD1 and the DD2 covalently bind to each other via at least one disulfide
bond, thereby forming a homodimer of the first monomer construct and the
second monomer construct; and
(£} the ACC is characterized by having a reduced level of interferon alpha activity

as compared to the interferon alpha activity of PEGylated interferon alpha-2b.

The ACC of claim 178, wherein the PM2 comprises a sequence that is at least

85%, 90%, or 95% identical to one of SEQ 1D NOs: 323, 331, or 332

The ACC of claim 138, wherein the first and second monomer constructs each
comprises a sequence that is at least 95% identical to SEQ 1D NO: 321 or wherein
each of the first and second monomer constructs comprises the sequence of SEQ
I NO: 321, wherein the ACC exhibits lower toxicity in vive compared to either
wildtype interferon alpha-2b or PEGylated interferon alpha-2b.
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181.

183.

184,

186.

187,

183

189,

190.

191

A composition comprising the ACC of any one or combination of claims 138-

180.

The composition of claim 181, where the composition is a pharmaceutical

compaosition.

A container, vial, syringe, injector pen, or kit comprising at east one dose of the

composition of claim 181 or 182
A method of treating a subject in need thereof comprising administering to the
subject a therapeutically effective amount of the ACC of any one or combination

of claims 138-179 or the composition of claim 181 or 182.

The method of claim 184, wherein the subject has been identified or diagnosed as

having a cancer,

A nucleic acid encoding a polypeptide that comprises the first monomer of the

ACC of any one or combination of claims 138179,

A vector comprising the nuclete acid of claim 186

The vector of claim 187, wherein the vector 18 an expression vector.

A mammalian cell comprising the nucleic acid of claim 186 or the vector of claim

187 or 188.

The mammalian cell of claim 189, wherein the mammalian cell 15 an HEK293 celi

or a CHO cell.

A method of manufacturing an ACC, the method comprising:
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expressing the ACC in the mammalian cell of claim 189 or 190; and

purifying the expressed ACC.
192, The ACC of any one or combination of claims 138-180, wherein the CM1 and the

CM3 each functions as a substrate for a protease that is over-expressed in a tumor

tissue.
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