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ACTIVATABLE CYTOKINE CONSTRUCTS
AND RELATED COMPOSITIONS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority benefit of U.S. provisional application numbers
63/008,542, filed April 10, 2020, 63/161,889, filed March 16, 2021, and 63/164,849, filed
March 23, 2021, the entire contents of which are incorporated herein by reference.

The present application includes a Sequence Listing filed in electronic format.
The Sequence Listing is entitled “CYTX-071-PCT_ST25 txt” created on April 7, 2021,
and is 379,000 bytes in size. The information in the electronic format of the Sequence
Listing is part of the present application and is incorporated herein by reference in its
entirety.

TECHNICAL FIELD
The present disclosure relates to the field of biotechnology, and more specifically,

M

to activatable cytokine constructs,

BACKGROUND

Cytokines are a family of naturally-occurring small proteins and glycoproteins
produced and secreted by most nucleated cells in response to viral infection and/or other
antigenic stimuli. Interferons are a subclass of cyiokines. Interferons are presently
grouped into three major classes: interferon type L interferon type H, and interferon type
I 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 immune svstem 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 bas been extensively used in cancer
and antiviral therapy, including for the treatment of hepatitis, Kaposi sarcoma, hairy cell

feukemia, chronic myeloid leukemia (CML), follicular fymphora, renal cell cancer
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(RCC), melanoma, and other disease states. However, systemic administration of
interferons is accompanied by dose-dependent toxicities, including strong flu-like
symitpoms, neurological symptoms, hepatotoxicity, bone marrow suppression, and
arrythmia, among others. In a Melanoma patient study, the combination of
Pembrolizumab and Pegylated TFNa fed to an ORR of 60.5%. The combination treatment
was alse associated with 49% of G3/G4 adverse events which required dose reduction of
Pegylated TFNa (Bavar et al, J. Clin. Oncol, 2018). These undesired side-effects have
limited the dosage of interferon therapies and sometimes leads to discontinuation or delay
of interferon treatwent.

Interteukins are another subclass of cytokines. Interleukins regulate cell growth,
differentiation, and motility. They are particularly important in stimulating immune
responses, such as inflammation. Interleuking have been used for treatment of cancer,
autoimmune disorders, and other disorders. For example, interfeukin-2 (IL2) is indicated
for treatment of melamona, graft~versus~-host disease (GVHD), neuroblastoma, renal cell
cancer (RCC), and is also considered useful for conditions including acute coronary
syndrome, acute myeloid syndrome, atopic dermatitis, avtoimmune liver diseases, basal
cell carcinoma, bladder cancer, breast cancer, candidiasis, colorectal cancer, cutaneous T-
cell lymphoma, endometriomas, BIV invention, ischemic heart disease, rheumatoid
arthsitis, nasopharyngeal adenocarcimos, non~-small celi lung cancer (NSCLC}, ovarian
cancer, pancreatic cancer, systemic tupus erythematosus, tuberculosis, and other
disorders. Other interleuking, such as IL-6, IL-7, 1L-12, and IL.-21, among others, are
potential treatments for cancers and other disorders. Interleukin therapy is often
accompanied by undesired side effects, including flu-like symptorns, 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

tead to broader therapeutic utility.
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SUMBMARY

The present disclosure provides activatable cytokine constructs (ACCs) that
include: (a) a first monomer comprising a first mature cytokine protein ({CP1), a first
cleavable motety (CM1), and a first dimerization domain (D), wherein the CMI1 is
positioned between the CPT and the DD, and (b) a second monorer comprising &
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
DD2, where: the CM1 and the CM2 funciion as a substrate for a protease; the DD1 and
the DD2 bind 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 and CM2 may be
over-expressed in diseased tissue {e.g., tumor tissue) relative to healthy tissue. The ACC
may be activated upon cleavage of the CM1 and/or CM2 so that the cytokine may exert
its activity in the diseased tissue (e.g., in a tursor microenvironment) while the cytokine
activity 1s attenuated in the context of healthy tissue. Thus, the ACCs provided herein
may provide reduced toxicity relative to traditional cytokine therapeutics, enable higher
effective 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 mature cytokine protein {CP1), a first cleavable moiety
(CM1), and a first dimerization domain (BD1), wherein the CM1 is positioned between
the CP1 and the BD1; 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 CMZ is positioned between the CP2 and the DDZ; wherein
the DD and the DD2 bind each other thereby forming a dimer of the first monomer
construct and the second monomer construct; and whergin the ACC is characterized by
having a reduced level of at least one CP1 and/or CP2 activity as compared {o a control
tevel of the at ieast one CP1 and/or CP2 activity.

The present disclosure provides activatable cytokine constructs (ACCs) that
inchude: (a) a first monomer comprising a first ruature cytoldne protetn (CP1), a first

dimerization domain (DD1); and (b} a second monomer comprising a second mature
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cytokine protein (CP2), a cleavable motety (CM), and a second dimerization domain
(DD2), wherein the CM is positioned between the CP2 and the DD2, where: the CM
functions as a substrate for a protease; the D1 and the DD2 bind 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 present disclosure provides activatable cytokine constructs (ACCs) that
include: (a) a first monomer comprising a first mature cytokine protein {(CP1), a cleavable
moiety (CM), and a first dimerization domain (DD1), wherein the CM is positioned
between the CP1 and the DD, and (b) a second movomer corprising a second mature
cytokine protein ((P2), and a second dimerization domain (3D2), where: the CM
functions as a substrate for a protease; the DD1 and the DD2 bind 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 present disclosure provides activatable cytokine constructs (ACCs) that
include: {a) a first monomer comprising a first mature cytokine protein {CP1), and a first
dimerization domain (DD 1}; and (b} a second monomer comprising a second mature
cytokine protein {CP2), and a second dimerization domain (DD2), wherein the CP1, the
CP2, or both CP1 and CP2 include(s) an amino acid sequence that functions as a
substrate for a protease; the DD and the DDZ bind 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 ACCs of the present disclosure are characterized in that CP1 and CP2 are not
connecied to peptide masks, for example, affivity rvasking moieties.

In some embodiments, the first monomer construct comprises a first polypeptide
that comprises the CP1, the CM]1, and the DDB1. In some embodiments, the second
monomer construct comprises a second polypeptide that comprises the CP2, the CM2,
and the DD2. In some embodiments, the DD and the DD2 are a pair selected from the
group consisting of’ a pair of Fc domains, a sushi domain from an alpha chain of human
IL-15 receptor (IL15Rw) and a soluble IL-15; barnase and barnstar; a protein kinase A
{(PKA} and an A-kinase anchoring protein {AKAP); adapter/docking tag modules based

on mutated RMase I fragments; an epitope and single domain antibody (sdAb); an epitope
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and single chain variable fragment (scFv); and soluble N-ethyl-maleimide sensitive factor
attachment protein receptors {(SNARE) modules based on interactions of the proteins
syntaxin, synaptotagmin, synaptobrevin, and SNAP2S, an antigen-binding domain and an
epitope.

In some embodiments, the DT and the DD2 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 Fe domains are buman IgG1 Fe domains, buman IgG2 Fe
domains, human 1gG3 Fo domains, or human IgG4 Fe domains. In some embodiments,
the human Fe domains are human 1gG4 Fo domatns. In some embodiments, the human Fe
domains comprise a sequence that is at feast 80% identical to SEQ 1D NO: 3. In some
embodiments, the human Fe domains each comprise a sequence that is at least 90%, 95%,
06%, 97%, 98%, or 99% identical to SEQ 1D NO: 3. In some embodiments, the human
Fo domains each comprise SEQ ID NG: 3. In some embodiments, the DD1 and the DD2
are the same. For example, DDB1 and the BD2 may be a pair of identical human 1gG4 Fe
domains. In some embodiments, the dimerization domains have amino acid sequences of
SEQ 1D NOs: 315 and 316, respectively. 1o somwe embodiments, the human Fo domains
include mutations to eliminate glycosylation and/or to reduce Fe-gamma receptor
binding. In some embodiments, the human Fe domains comprise the mutation N297Q,
N297 4, or N297G; in some embodiments the human Fc domains comprise a mutation at
postion 234 and/or 235, for example L235E, or L234A and L235A (in IgGl), or F234A
and L235A (in IgG4); in some embodiments the human Fe domains are 1gG2 Fo domains
that comprise the mutations V234A, G237A, P238S, H2680Q/A, V309L, A330S, or
P3318, or a combination thereof {ali according to EU numbering).

Additional examples of engineered human Fc domains are known to those skilled
inthe art.  Examples of Ig heavy chain constant region amino acids in which mutations
in at least one amino acid leads to reduced F¢ function include, but are not limited to,
mutations in amine acid 228, 233, 234, 235, 236, 237, 239, 252, 254, 256, 265, 270, 297,
318,320,322, 327, 329, 330, and 331 of the heavy constant region (according to EU
numbering). Exarples of combinations of mutated amino acids are also known in the

art, such as, but not Himited to a combination of mutations in amino acids 234, 235, and
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331, such as L234F, L235E, and P331S 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/V30S/P396 Ig(G1; S239D/1332E IgG1; S239D/1332E/A330L
12G1; 8298A/HE333A/K334A, in one heavy chain,
L234Y/1.2350Q/G236W/S239M/H268D/D2T0E/S298A 1gGl, and in the opposing heavy
chain, D270E/K326D, A330M/K334E 1gG; G236A/S230DVI332E 1pGT; K326W/E333S8
IgGl; S267E/H208F/8324T g1, E345R/E4A30G/S440Y 1gGl; N297A or N297Q or
N297G 1gGl; L235E 1gG1; L234A/L235A 1gG 1, F234A/1.235A 1gG4;
H208Q/V309L/A3308/P3318 1g(G2;
V234A/G23TA/PLIRS/H268A/VI0OL/AZ308/P3318 TgG2; M2S2Y/S254T/T256E 1gGl;
M42BL/N434S 1gG1; 8267E/L328F IgG1; N3258/L.328F 1g(1, and the like. In some
embodiments, the engineered Fo domain corprises one or more substitutions selected
frors the group consisting of N297A 1gG1, N297Q [g(G1, and S228P IgG4.

In some embodiments, DD comprises an antigen-binding domain and DD2
comprises a corresponding epitope. In some embodiments, the antigen-binding domain is
an anti-His tag antigen-binding domain and wherein the D2 comprises a His tag. In
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 DD1T and DD2 comprises a dimerization
domain substituent sefected from the group consisting of a non-polypeptide polymer and
a small molecule. In some embodiments, DD and DD2 comprise non-polypeptide
polymers covalently bound to each other. In some embodiments, the non-polypeptide
polymer is a sulfur-containing polyethylene glycol, and wherein BD1 and BD2 are
covalently bound to each other via one or more disulfide bonds. In some embodiments, at
least one of DD1 and DD2 comprises a small molecule. In some embodiments, the small
molecule is biotin. In some embodiments, DD1 comprises biotin and 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 (also referred to herein as a “signal sequence”™). In
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some embodiments, the CP1 and/or the CP2 1s/are each individually selected from the
group consisting of' an interferon, an interleukin, GM-CSF, G-CSF, LIF, OSM, CD154,
LT-B, TNF-o, TNF-B, 4-1BBL, APRIL, CD70, CD153, CD178, GITRL, LIGHT,
OX40L, TALL-1, TRAIL, TWEAK, TRANCE, TGF-81, TGF-B1, TGF-33, Epo, Tpo,
Flt-3L, SCF, M-CSF, and MSP. The CP1 and/or CP2 may be a wild-type human or non-
human animal sequence, a mutant sequence, a truncated sequence, a hybrid sequence, or
sequence comprising insertions. In some embodiments, the CP1 and the CP2 are the
same. In some embodiments, the CP1 and the CP2 are different and this disclosure
includes selection and combination of any two of the cytokine proteins listed herein. In
some embodiments, the CP1 and/or the CP2 1s/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 embodiments, the CP1 and the CP2 are the same
interferon. In some embodiments, the CP1 or the CP2 is an interferon. In some
embodiments, one of the CP1 and the CP2 is an interferon, and the other of CP1 or CP2
is a cytokine other than an interferon. In some aspects, one or both cytokines are
monomeric cytokines. In some aspects, one or both interferons are monomeric
inteferons. In some aspects, either CP1 or CP2 is a monomeric interferon and the other
CP1 or CPZ is 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 CP2 include a truncated sequence
that retains cytokine activity.

In some embodinents, 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 including, but not limited to interferon-alpha, interferon-beta, iuterferon-
omega, interferon-gamma, and interferon-tau. In some embodiments, the interferons
is/are an interferon-alpha. In some embodiments, the interferon(s) 1s/are selected from the
group consisting of: interferon alpha-2a, interferon alpha-2b, and interferon alpha-n3. In
some embodiments, the tnterferon(s) 1s/are interferon alpha-2b. In 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 aming acids. In some
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embodiments, the interferon{s} is/are a universal cytokine 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) is/are a universal interferon
molecule. In some embodiments, the interferon(s) is/are a universal interferon alpha,
e.g., a hybrid of interferon alpha 1 and interferon alpha 2b. In some embodiments, the
CP1 and/or CP2 comprises a sequence that is at least 80% identical to SEQ D NG: 1. In
some embodiments, the CP1 and/or CP2 comprises a sequence that is at least 90%, 95%,
06%, 97%, 98%, or 99% identical to SEQ ID NO: 1. In some embodiments, the CP1
and/or CP2 comprises a sequence of SEQ 1D NQG: 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-la, and interferon beta-1h. In some embodiments, the CP1
and/or the CP2 comprises an [Fab domain. In some embodiments, the CP1 and/or the
CP2 comprises an interfeukin. In some embodiments, the interleukin is selected from the
group consisting of Io-1a, IL-1f, [L-1RA, 1L-18, 1L-2, IL-4, IL-7, 1L-9, IL-13, IL-15,
1L-3, B.-5, 1L-6, 1L-11, 1L-12, 1L-10, [1-20, 1.-14, 1L-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 ditferent proteases. In some embediments, the CM1 and the CM2
are of the same length and comprise the same amino acid sequence. In some
embodiments, wherein the CM1 and the CM2 comprise substrates for the same protease.
In some embodiments, the protease(s) is/are selected from the group consisting of:
ADAMS, ADAMSY, ADAMIO, ADAMIZ, ADAMIS, ADAMIUT/TACE, ABAMDECH,
ADAMTS, ADAMTS4, ADAMTSS, BACE, Renin, Cathepsin I3, Cathepsin E, Caspase
1, Caspase 2, Caspase 3, Caspase 4, Caspase 5, Caspase 6, Caspase 7, Caspase 8§, Caspase
O, Caspase 10, Caspase 14, Cathepsin B, Cathepsin C, Cathepsin K, Cathespin L,
Cathepsin S, Cathepsin V/L.2, Cathepsin X/Z/P, Cruzipain, Legumain, Otubain-2, KLK4,
KLKS, KLK6, KEK7, KLKS, KEKI0, KLK11, KLK13, KEK 14, Meprn, Neprilysin,
PSMA, BMP-1, matrix metalloproteinases {e.g., MMP-1, MMP-Z, 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, FVa, FiXa, FXa, FXla, FXIla, Elasiase, Granzyme
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B, Guanidinobenzoatase, HirAl, human neutrophil lyase, lactoferrin, marapsin, NS3/4A,
PACES4, Plasmin, PSA {PA, thrombin, tryptase, uPA, DESCI, DPP-4, FAP, Hepsin,
Matriptase-2, MT-8P1/Matripase, TMPRSSZ, TMPRSS3, and TMPRSES4. In some
embodiments, the protease(s) 19/are selected trom the group consisting oft uPA,
legumain, MT-8P1, ADAMI7, BMP-1, TMPRSS3, TMPRSS4, MMP-2, MMP-9, MMP-
12, MMP-13, and MMP-14.

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

In some embodiments, the CM1 and/or the CM2 comprise a sequence selected
from the group consisting oft LSGRSDNH (SEQ ID NO: 5}, TGRGPSWYV (SEQ 1D NO:
6), PLTGRSGG (SEQ ID NO: 7), TARGPSFK (SEQ ID NGO 8), NTLSGRSENHSG
(SEQ ID NO: 9), NTLSGRSGNHGS (SEQ ID NO: 10), TSTSGRSANPRG (SEQ ID
NG 11), TSGRSANP (SEQ 1D NO: 12), VHMPLGFLGP (SEQ ID NO: 13),
AVGLLAPP (SEQ 1D NG: 14), AQNLLGMY (SEG ID NO: 15), QNGALRMA (SEQ
ID NO: 163, LAAPLGLL (SEQ 1D NO: 17), STFPFGMF (SEQ 1D NO: 18), ISSGLLSS
(SEQ ID NO: 19), PAGLWLDP (SEQ 1D NG: 20), VAGRSMRP (SEQ ID NO: 213,
VVPEGRRS (SEQ ID NO: 22), ILPRSPAF (SEQ ID NO: 23), MVLGRSLL (SEQ ID
NG 24), QGRAITFE(SEQ 1D NQ: 25), SPRSIMLA (SEQ ID NO: 263, SMLRSMPL
(SEQ ID NO: 27), ISSGLLSGRSDNH (SEQ ID NO: 28), AVGLLAPPGGLSGRSDNH
{(SEQ 1D NO: 29), ISSGLLSSGGSGGSLSGRSDNH (SEQ 1D NO: 30), LSGRSGNH
(SEQ ID NO: 31), SGRSANPRG (SEQ 1D NG: 32), LSGRSDDH (SEQ ID NO: 33),
LSGRSDIH (SEQ ID NO: 34), LSGRSDOH (SEQ ID NO: 35), LSGRSDTH (SEQ 1D
NG 36), LSGRSDYH (SEQ D NO: 37), LSGRSDNE (SEQ 1D NG: 38), LSGRSANP
{SEQ 1D NO: 39), LSGRSANI (SEQ ID NO: 40), LSGRSDNI(SEQ 1D NQ: 41),
MIAPVAYR (SEQ D NO: 42), RPSPMWAY (SEQ 1D NO: 43), WATPRPMR (SEQ
1D NO: 44), FRLLDWOQW (SEQ ID NO: 45), ISSGL (SEQ ID NO- 46), ISSGLLS (SEQ
D NG 47), ISSGLL (SEQ 1D NO: 48), ISSGLLSGRSANPRG (SEQ 1D NO: 49,
AVGLLAPPTSGRSANPRG (SEQ ID NO: 50), AVGLLAPPSGRSANPRG (SEQ ID
NG: 513, [SSGLLSGRSDDH (SEQ 1D NG: 52), ISSGLLSGRSDIH (SEQ 1D NO: 53),
ISSGLLSGRSDOH (SEQ ID NO: 54), ISSGLLSGRSDTH (SEQ 1D NO: 55),

9
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ISSGLLSGRSDYH (SEQ ID NO: 56), ISSGLLSGRSDNP (SEQ 1D NO: 57,
ISSGLLSGRSANP (SEQ ID NO: 58), ISSGLLSGRSANI (SEQ 1D NO: 59},
AVGLLAPPGGLSGRESDDH (SEQ ID NO: 60), AVGLLAPPGGLSGRSDIH (SEQ ID
NO: 61), AVGLLAPPGGLSGRSDQH (SEQ ID NG: 62), AVGLLAPPGGLSGRSDTH
(SEQ ID NO: 63}, AVGLLAPPGGLSGRSDYH (SEQ 1D NGO 64),
AVGLLAPPGGLSGRSDNP (SEQ 1D NG: 65), AVGLLAPPGGLSGRSANP (SEQ ID
NG: 66), AVGLLAPPGGLSGRSANI (REQ ID NG: 67), ISSGLLSGRSDNI (SEQ ID
NO: 68), AVGLLAPPGGLSGRSDNI (SEG D NO: 69}, GLSGRSDNHGGAVGLLAPP
(SEQ ID NO: 703, GLSGRSDNHGGVHMPLGFLGP (SEQ ID NG: 71,
LSGRSDNHGGVHMPLGFLGP (SEQ 1D NG 72), ISSGLSS (SEQ ID NG 73),
PVGYTSSL (SEQ ID NO: 74), DWLYWPGI (SEQ ID NO: 75), LKAAPRWA (SEQ ID
NG: 76}, GPSHLVLT (8EQ ID NO: 77, LPGGLSPW (SEQ 1D NO: 78), MGLFSEAG
(SEQ ID NO: 79), SPLPLRVP (SEQ ID NO: 80), RMHLRSLG (SEQ ID NO: 81),
LEAPSHRA (SEQ ID NO: 82), GPRSFGL (SEQ 1D NO: 83), GPRSFG (SEQ ID NO:
84}, SARGPSRW (SEQ ID NO: 85), GGWHTGRN (SEG ID NO: 86), HTGRSGAL
{(SEQ 1D NO: 87), AARGPAIH (SEQ ID NG: 88), RGPAFNPM (SEQ 1D NO: 39),
SSRGPAYL (SEG ID NO: 903, RGPATPIM (SEQ ID NO: 91), RGPA (SEQ 1D NG
923, GGQPSGMWGW (SEQ ID NO: 93), FPRPLGITGL (SEQ ID NO: 94), SPLTGRSG
(SEG ID NO: 953, SAGFSLPA (SEQ 1D NO: 96), LAPLGLORR (SEQ D NO: 973,
SGGPLGVR (SEQ ID NO: 98), PLGL (SEQ ID NO: 99), and SGRSDNI (SEQ ID NO:
100}, In some embodiments, the UM comprises a sequence selected from the group
consisting of: ISSGLLSGRSDNH (SEQ ID NO: 28), LSGRSDDH (SEQ 1D NO: 33),
ISSGLLSGRSDOH (SEQ ID NO: 54), SGRSDNI(SEQ ID NO: 100), and
ISSGLLSGRSDNI (SEQ 1D 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
monomer 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 (M2

directly abut each other in the second monomer construct. In some embodiments, the

10



10

15

20

25

30

WO 2021/207669 PCT/US2021/026675

CM2 and the DD?2 directly abut each other in the second monomer construct. In some
embodiments, the first monomer contruct comprises the CP1 directly abutting the CMI,
and the CM1 directly abutting the DD1, 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 P2 directly abutting the CM2, and the UM2
directly abutting the DD2, wherein the CMZ2 comprises a sequence that is selected from
the group consisting of SEQ 1D Nos 5-100. Tn sorve 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 no more than 13, 12, 11, 10,9, 8, 7,
6, S or 4 amino acids in length. In some embodiments, the second monomer contruct
comprises the CP2 directly abutting the CM2, and the CM2 directly abutting the BD2,
wherein the CM2 comprises a sequence that is no more than 13, 12, 11, 10,9, 8,7, 6, S or
4 amino acids in length. In some embodiments, the first and second monomer construct
each are configured such that the cytokine (CM1 and CM2, respectively) directly abuis a
cleavable motety (CM1 and CMZ2, respectively) that is no more than 10,9, 8,7, 6, 5, or 4
amino acids in length, and the cleavable moiety directly abuis a dimerization doruain
{(DD1 and DD2, respectively) that is the Fc region of a human IgG, wherein the N-
terminus of the Fe region is the first cysteine residue in the hinge region reading in the N-
to C~ direction {e.g., Cysteine 226 of human IgGl, using EU sumbering). In some
aspects, the dimerization domain is an 1gG Fe region wherein the upper hinge residues
have been deleted. For example, the Fc is a variant wherein N-terminal sequences
EPKSCDKTHT (SEQ ID NO: 516), ERK, ELKTPLGDTTHT (SEQ ID NO: 517), or
ESKYGPP (SEGQ D NO: S18) have been deleted.

In some embodiments, the first monomer construct comprises at least one linker.
In some embodiments, the at least one linker is a linker L1 disposed between the CP1 and
the CM1 and/or a linker L2 disposed between the CM1 and the DD1. 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 CP2 and the
CM?Z and/or a linker L4 disposed between the CMZ and the DD2 . In some embodiments,
the first monomer construct comprises a linker 1.1 and the second monomer construct

comprises a linker L3, In some embodiments, L1 and L3 are the same. In some
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embodiments, the first monomer construct comprises a linker 1.2 and the second
meonomer construct comprises a linker L4 Tn sore embodiments, L2 and L4 are the
same. 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 5 amino
acids. As used herein, the term “linker” refers to a peptide, the amino acid sequence of
which is not a substrate for a protease.

In some embodiments, the first monomer construct comprises at least one linker,
wherein each linker is independently selected from from the group consisting of
GSSGGSGGSGG (SEQ ID NO: 210);, GGGS (SEQ I NO: 2y, GGGSGGGS (SEQ D
NG 211);, GOGSGGGSGGGS (SEQ ID NO: 212y, GGGGSGGGGSGGEES (SEQID
NG: 213y, GGGGSGGOGSGEGGSGGHGSGGEES (SEQ D NG: 214y,
GGGGSGGGES (REQ 1D NO: 218); GGGGS (SEQ ID NO: 216); 68, GGGGSGS
(SEQ ID NO: 217y, GGGGSGGGGSGGGGSGS (SEQ ID NG 218);
GGSLDPKGGGGS (SEQ ID NG 219); PKSCDKTHTCPPCPAPELLG (SEQ ID NG:
220); SKYGPPCPPCPAPEFLG (SEQ ID NO: 221); GKSSGSGSESKS (SEQ 1D NO:
2223, GSTSGRGESSEGKG (SEQ D NO: 223), GSTSGSGKSSEGSGSTRG (SEQ ID
NG 224), GSTSGSGKPGSGEGSTKG (SEQ 1D NO: 225y, GRTSGSGKPGSSEGST
(SEQ ID NO: 226); {GS)n, (GGS)n, (GSGGS)n (SEQ ID NO: 227y, (GGGSn (SEQ ID
NG 228), (GGGHS)n (SEQ 3 NQO: 2106), wherein each n is an integer of at [east one;
GGSG (SEQ IDNO: 229y, GGSGG (SEQ ID NO: 230); GSGSG (SEG 1D NO: 231,
GSGGG (SEQ ID NO: 232), GGGSG (SEQ 1D NO: 233); GSSSG (SEQ ID NO: 234);
GGGGSGGGGSGGGES (SEQ ID NO: 213);, GGGGSGGGGSGGGGSGGGES (SEQ
1D NG: 214); and GSTSGSGKPGISEGST (SEQ 1D NO: 226). In some embodiments,
the linker comprises a sequence of GGGS (SEQ D NGO: 2).

As used herein, 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 () residues. In some aspects, residues in the spacer
minimize aminopeptidase and/or exopeptidase action to prevent cleavage of N-terminal
amino acids. Hlustrative and non-limiting spacer amino acid sequences may comprise of
consist of any of the following exemplary amino acid sequences: QGQSGS (SEQ ID

12



10

20

25

30

WO 2021/207669 PCT/US2021/026675

NO: 5043, GOSGS (SEQ 1D NO: 505); QSGS (SEQ 1D NO: 506); 8GS; GS; §;
QGQSGOQG (SEG ID NO: 507), GGSGOQG (SEQ ID NO: 508); QSGQG (SEQ 1D NO:
509y, SGOG (SEQ ID NO: 510y, GOG, QG &; QGOSGO (SEQ 1D NG: 511, GOSGL
(SEQ ID NO: 5123 QSGQ (SEQ ID NO: 513); QGOSG (SEQ ID NO: 514); QGGS
(SEQ ID NO: 515); 8GQ; GO, and Q. In some embodiments, spacer sequences may be
omiited.

In some embodiments, the first monomer construct, comprises inn a N- to C-
terminal direction, 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 CP1, the CM1, and, linked directly or indirecily to the N-
terrainus of the CM1, the DD, In some embodiments, the second polypeptide comprises
in a N-to C-terminal direction, the CP2, CM2, and, linked direcily or indirectly to the C-
terminus of the CM2, the DD2. In some embodiments, the second polypeptide comprises
tny a C- to N-termnal direction, the CP2, CM2, and, linked directly or indirectly to the
CM2, the DD2.

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 DD1,
wherein DD1 is an Fc region of an IgG, wherein the N-terminus of the Fe region is the
first cysteine residug in the hinge region reading in the N- to C- direction {e.g., Cysteine
226 of human IgG1 or IgG4, using EU numbering), and wherein the CM1 and any
linker(s) interposed between the CP1 and the N-terminal cysteine of the DD have a
combined total length of no more than 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, or 4 amino
acids, preferably no more than 10 amivo acids, especially preferably no roore than 7
amino acids. In some embodiments, the second monomer construct comprises in an N- to
C- terminal direction, the CP2, an optional linker, the UM2, an optional linker, and the
DD2, wherein DD2 1s an Fe region of an IgG, wherein the N-terminus of the Fc region is
the first cysteine residue in the hinge region reading in the N- to C- direction {e.g,
Cysteine 226 of human IgG1 or IgG4, using EU numbering), and wherein the CM2 and
any linker{s) interposed between the CP2 and the N-terminal cysteine of the DD2 have a

combined total length of no more than 15, 14, 13,12, 11, 10, 9,8, 7, 6, 5, or 4 amino
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acids, preferably no more than 10 amino acids, especially preferably no more than 7
amino acids.

In some embodiments, the ACC is a homodimer in which the first monomer
construct and the second monomer construct are identical and comprise the amino acid
sequence of SHQ I3 NO: 313, In some embodiments, the first monomer construct and
the second monomer construct each comprise an amino acid sequence that is at least
90%, 95%, 96%, 97%, 98%, or 99% identical to SEQ D NO: 313, Insome
embodiments, the first monomer construct and the second monomer construct each
comprise, in an N- to C-~ terminal direction, SEQ D NO:1; a CM comprising an amino
acid sequence sefected from the group consisting of SEQ ID NO: 41, SEQ [D NO: 68,
and SEQ ID NO: 100; and a dimerization domain.

In some embodiments, the at least one CP1 and/or CP2 activity is a binding
atfinity (Kp) of the CP1 and/or the CP2 for its cognate receptor as determined using
surface plasmon resonance. For example, where the CP1 or CP2 s an interferon, the
cognate receptor may be the interferon-alpha/beta receptor (IFNAR). In some
embodiments, the at least one CP1 and/or CP2 activity is a level of proliferation of
lymphoma cells. In some embodiments, the at least one CPland/or CP2 activity is the
level of JAK/STAT/ISGF3 pathway activation in a lymphoma cell. In some
embodiments, the at least one activity is a level of secreted alkaline phosphatase (SEAP)
production in a lymphoma cell. In some embodiments, the ACC {(prior to exposure to
proteases) is characterized by at least a 2-fold reduction in at least one CP1 and/or CP2
activity as compared to the control level. In some embodiments, the ACC is characterized
by at least a S-fold reduction in at least one CP1 and/or CP2 activity as compared to the
control level. 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 control level.
In some embodiments, the ACC is characterized by at least a 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-fold, 1800-fold,
1900-fold, 2000-told reduction in at feast one CP1 and/or CP2 activity as compared to the
control level. In some embodiments, the control level of the at least one activity of the

CP1 and/or CP2, 15 the activity of the CP1 and/or CP2 in the ACC following exposure of
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the ACC to the protease(s). In some embodiments, the control level of the at least one
CP1 and/or CP2, is the corresponding CP 1 and/or CP2 activity of a corresponding
wildtype mature cytokine.

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 CP2. In some embodiments, the at least one activity of the
CP1 and/or CP2 is anti-proliferation activity. In some embodiments, the control level is
an ECS0 value of the wildtype mature cytokine, and wherein ratio of EC50 {cleavage
product) to ECSO (wildtype control level) is less than about 10, or less than about 9, or
tess than about 8, or less than about 7, or less than about 6, or less than about 5, or less
than about 4, or {ess than about 3, or less than about 2, or less than about 1.5, or equal to
about 1. In some embodiments, the ECSO 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 compositions described herein. In some embodiments,
the subject has been identified or diagnosed as having a cancer. In some non-limiting
embodiments, the cancer 1s Kaposi sarcoma, hairy cell leukemia, chronic wmyeloid
teukemia (CML), tollicular lymphoma, renal cell cancer (RCC), melanoma,
neuroblastoma, basal cell carcinoma, bladder cancer, breast cancer, colorectal cancer,
cutaneous T-cell lymphoma, nasopharyngeal adenocarcimoa, non-small cell lung cancer
(NSCLC), ovarian cancer, pancreatic cancer. In some non-limiting embodiments, 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 CM1 of any one of the ACCs described herein. In some embodiments, the

~
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polypeptide further comprises any one of the DD1 described herein. Also provided herein
are nucleic acids encoding a polypeptide that comprises the CP2 and CMZ 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 DD2
described herein. Also provided herein are vectors comprising any one of the nucleic
acids described herein. In some embodiments, the vector is an expression vector. Also
provided herein are cells comprising any one of the nucleic acids described herein or any
one of the vectors described herein.

Provided herein are pairs of nucleic acids that together encode a polypeptide that
comprises the CP1 and CM1 of the first monomer construct and a polypeptide that
comprises the CP2 and M2 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 sore ersbodiments, 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.

Provided herein are methods of producing an ACC comprising: culturing any ong
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 Higuid 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:
formulating 1solated 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 compositions 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.
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Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. 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 illustrative 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 entivety. In case of
conflict, 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 from the claims.

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

As used herein, the terms “abouwt” and “approximately,” when used to modify an
amount specified 1n 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%, 4 10%, or + 5%, are withio 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 ondy the
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
vumerical value and sub-range is explicitly recited. As an illustration, a numerical range
of “about 0.01 to 2.0” should be interpreted to include not only the explicitly recited
values of about 0.01 to about 2.0, but also include individual values and sub-ranges
within the indicated range. Thus, included in this numerical range are individual values
suchas 0.5, 0.7, and 1.5, and sub-ranges such as from 0.5t0 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 charactenistics being described. Additionally, it is noted that all
percentages are in weight, unless specified otherwise.

In understanding the scope of the present disclosure, the terms “inchuding” or
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“comprising” and their derivatives, as used herein, are intended to be open ended terms
that specify 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 “including”, “having” and their derivatives. The term
“consisting” and its derivatives, as used herein, are intended to be closed terms that
specify 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, is 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” to
“consisting essentially of” or “consisting of” would find direct support due to this
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
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 fiscto 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, steps, 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 1s understood that this s 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
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form the application and claimed invention at the filing date. For example, a list of
constructs, molecules, method steps, kits, or compositions described with respectio a
construct, composition, or method is 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 not re-listed in the context or section of that embodiment or aspect.

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

The term “N-terminally positioned” when referring fo a position of a first domain
or sequence relative to a second domain or sequence in a polvpeptide 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 is located closer to the C-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 “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.

The term “transduced,” “transfected,” or “transformed” refers to a process by
which an exogenous nucleic acid is introduced or transferred into a cell. A “transduced,”
“transfected,” 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 constructs

described herein.
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The term “nucleic acid” refers to a deoxyribonucleic acid (IDNA) or ribonucieic
actd (RNA), or a combination thereof, in either a single- or double-stranded form. Unless
specifically limited, the term encompasses nucleic acids containing known analogues of
natural nucleotides that have similar binding properties as the reference nucleotides.
Unless otherwise indicated, a particular nucleic acid sequence also impliciily
encompasses complementary sequences as well as the sequence explicitly indicated. In
some embodimenis of any of the nuclei¢ acids described heretn, the mucleic acid is DNA.
In some embodiments of any of the nucleic acids described herein, the nucleic acid is
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. Famulies of amino acid residues having similar side chains bave been defined o
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, glutamine, glutamate, histidine, lysine, serine, and
threonine}, hydrophobic amino acids {e.g., alanine, cysteine, isoleucine, leucine,
methionine, phenvlalanine, proline, fryptophan, tyrosine, and valine). Other families of
amino acids include: aliphatic-hydroxy amino acids {e.g., serine and threoning), amide
family (e g., asparagine and glutamine}, alphatic family (e g., alanine, valine, leucine and
isoleucine), aromatic family {(e.g, phenvlalanine, 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 10° M.
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The term “treatment” 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

Figure 1A is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer coustruct that bind to each other either covalently
or non-covalently via first and second dimerization domains DD1 146 and DD2 196,
respectively. The first monomer construct comprises, from N-terminus to C-terminus, a
first mature cytokine protein CP1 109, a first optional linker 118, a first cleavable moiety
CM1 128, a second optional linker 1390, and a first dimerization domain DD 148, The
second monomer construct comprises, from N-terminus to C-terminus, a second mature
cytokine protein CP2 158, a third optional linker 166, a second cleavable moiety CM2
178, a fourth optional linker 188, and a second dimerization domain DD2 198,

Figure I B is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other either covalently
or non-covalently via first and second dimerization domains DD 280 and DD2 256,
respectively.  The first monomer construct comprises, from N-terminus to C-terminus, a
first dimerization domain DD 1 2848, a second optional linker 219, a first cleavable moiety
CM1 226, & first optional linker 239, and a first mature cytokine protein CP1 240, The
second monomer construct comprises, from N-terminus to C-terminus, a second
dimerization domain DD2 258, a fourth optional linker 266, a second cleavable moiety
M2 278, a third optional linker 288, and a second mature cytokine protein CP2 298,

Figure 2A is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains BD1 348 and DD2 398, respectively.
The first monomer construct comprises, from N-terminus to C-terminus, a first mature
cytokine protein CP1 308, a first optional linker 318, a first cleavable moiety CM1 328, 3
second optional linker 330, and a first dimernization domain DD1 348, The second

monomer coustruct coraprises, from N-terminus to C-terminus, a second mature cytokine
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protein CP2 350, a third optional linker 368, a second cleavable moiety CM2 379, a
fourth optional linker 388, and a second dimerization domain DD2 394,

Figure 2B is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains D1 460 and DBD2 4580, respectively.
The first monomer construct comprises, from N-terminus to C-terminus, a first
dimerization domain BD1 480, a second optional linker 418, a first cleavable moiety
CM1T 4290, a first optional linker 430, and a first mature cytokine protein CP1 440. The
second monomer construct comprises, from N-termious to C-terminus, a second
dimerization domain DD2 458, a fourth optional linker 468, a second cleavable moiety
CM2 470, a third optional linker 480, and a second mature cytokine protein CP2 498,

Figure 3 provides the amino acid sequence of an illustrative activatable cytokine
construct IFN-02b-1204dL-higG4 (SEQ ID NO:30%9), wherein the first and second
monomer constructs have an identical amino acid sequence. From N-termious to C-
terminus, the amino acid sequence of the first and second monomer constructs encodes: a
mouse signal peptide (italicized text, vot bolded); mature human interferon-a2b
{underscored text); cleavable moiety 1204dL (bolded text); a linker (italicized and bolded
text); and a human IgG4 Fc domain (text that is not italicized, bolded, or underscored).

Figure 4 provides the amino acid sequence of an illustrative activatable cyiokine
construct IFN-02b-1490DNI-higG4 (SEQ ID NG:311), wherein the first and second
monomer constructs have an identical amino acid sequence. From N-terminus to C-
terminus, the amino acid sequence encodes: a mouse signal peptide (italicized text, not
bolded); mature human interferon-u2b (underscored text); cleavable moiety 1490DNI
(bolded text, not italicized); a linker {italicized and bolded text); and a human 1gG4 Fc
domain (text that is not talicized, bolded, or underscored).

Figure 5 depicts the cleavage reaction of activatable cytokine construct IFNg-2b-
higG4 Fe (with either cleavable moiety 1204dL or cleavable moiety 1490) and a protease
(either uPA or MT-8P1), which generates monomeric mature IFNo-2b.

Figure 6 is image of a gel loaded with: (1} ACC with cleavable moiety 1204
{1204); (2) product of protease membrane type serine protease 1 {MT-8P1) and ACC
IFNe-2b-hig(G4 Fe with cleavable moiety 1204 (1204 MT-SP1); (3) product of ACC

pls}
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IFNa-2b-hlgG4 Fe with cleavable moiety 1204 and protease uPA (1204 uPAY, (4) ACC
FNuo-2b-hlgG4 Fe with cleavable moiety 1204 fused to a § amino acid linker (1204 +1);
(5} product of IFNg-2b-higG4 Fc 1204 + 1 and MT-8P1 (1204+1 MT-8P1); (6) ACC
IFNo-~2b-hig(G4 Fc with cleavable motety 1490; (7) product of MT-8P1 and ACC TFNo-
2b-hig34 Fc with cleavable moiety 1490; product of uPA and ACC [FNa-2b-hig(G4 Fe
with cleavable moiety 1490 (1490 uPA).

Figure 7 provides the results from an HEK 293 cell-based reporter assay o assess
interferon-a2b activity of Sylatron® (peginterferon alfa-2b) and various interferon o-2b
(IFNa2b) fusions: human IgG4 N-terminally fused to IFNaZb (IFNaZb NhG4), Human
12G4 N-terminally fused to IFNa2b via a five amino acid linker (IFNa2b SAA NhG4);
activatable cytokine construct IFN-g2b-1204dL-higG4 (IFNa2b 1204DNIdL NhG4); an
activatable cytokine construct that includes the same components as IFN-o2b-1204d.-
higG4, but which also has a 5 amino acid linker positioned between the mature cytokine
protein component and the cleavable motety (IFNa2b SAA 1204DNIdL NhG4), and
activatable cytokine construct IFN-02b-1490DNI-higG4 (IFNa2b 1490DNI NhG4).

Figure 8A depicts the effect of length of a flexible linker in an interferon-a2b-Fe
fusion on EC30 as determined by an HEK293 cell-based reporter assay. Figure 8B
depicts the effect of length of a Linking Region (LR} in an interferon-a2b-Fe fusion on
ECS0 as determined by an HEK293 cell-based reporter assay.

Figure 9 provides the results of a Daudi apoptosis assay to determine the anti-
proliferative activity of Sylatron® and various IFNa2b fusions: human 1gG4 N-terminally
fused to IFNaZb (JFNa2b NhG4); Human IgG4 N-terminally fused to IFNa2b via a five
amino acid tinker (IFNa2b 5AA NhG4); activatable cytokine construct IFN-a2b-1204d1.-
higG4 (IFNa2b 1204DNIdL Nh(G4); an activatable cytokine construct that includes the
same components as IFN-a2b-1204dL-higG4, but which also bas a § amino acid linker
positioned between the mature cytokine protein component and the cleavable moiety
(IFNa2b 5AA 1204DNIdL NhG4), and activatable cytokine construct IFN-a2b-
1490DNI-hig(G4 (IFNa2b 1490DNI Nhiz4).

Figure 10A depicts the effect of length of a linker in an mterferon-g2b-Fc fusion

protein on EC50 as determined from a Daudi apoptosis assay. Figure 108 depicts the



10

20

25

WO 2021/207669 PCT/US2021/026675

effect of length of a Linking Region (LR} in an interferon-o2b-Fc¢ fusion on EC350 as
determined from an Daudi apoptosis assay.

Figure 11 provides the results of a Daudi lymphoma cell-based assay for
measuring the anti-proliferation activity of an ACC (IFNa2b 1204DNIdL NhG4);
protease-treated ACC (IFNaZb 1204DNIdL Nh(G4 + uPA); and the recombinant parental
cytokine (IFNa2b). The results indicated that, following treatment of the ACC with a
protease, the activity of the cytokine in the ACC could be restored to a level comparable
to the recombinant parental cytokine.

Figuve 12 depicts the results of an HEK293 cell-based reporter assay 1o assess the
activity of an ACC (IFNaZ2b 1204DNIdL Nh(G4); a protease-treated (activated) ACC
(IFNo-2b 1204DNEJL NhG4 + uPA); Sylatron®; and the recombinant parental cytokine
{(IFNa2b). The results indicated that, following treatment of the ACC with a protease, the
activity of the cytokine in the ACC could be restored to a level comparable to the
recombinant parental cytokine.

Figure 13 depicts the results of a Daudi lymphoma cell-based assay for
measuring the anti-proliferation activity {top) and the results of an HEK293 cell-based
reporter assay for measuring the activity {bottom) of an ACC (ProC440), a protease-
treated ACC (ProC440 + uPA), and stem cell IFNaZb. The results indicated that activity
was reduced 1000X by making the ACC structure of the present disclosure and,
following treatment of the ACC with a protease, the activity of the cytokine in the ACC
was restored to a fevel comparable to the recombinant parental cyiokine.

Figure 14A depicts the structure of ProC440, and shows that cleavage with uPa at
the expected site in the CM was confirmed by Mass spectrometry analysis. In addition to
sensitivity to uPa activation, ProC440 is cleaved by MMP4. Figure 14B shows the
analysis by Mass spectrometry identified a MMP14 cleavage site at the C-terminal
extremity of IFNa (at L161) near the cleavable moiety. Protease activation with MMP14
restored activity to a level that is comparable to the recombinant cytokine.

Figure 15 depicts the structures of ProC440 and ProC657 (N [FNa2b 0AA
1204DNIAL OAA TgG4 KiHSS). The activities of the ACCs ProC440 and ProC657, a
protease-treated ACC (ProC440 + uPA), and stem cell IFNa2b were tested using IFN-
responsive HEK293 cells. The results indicated that activity of ProC657 was reduced as
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compared to Stem Cell IFNg-2b or uPa-activated ProC440 but increased as compared to
ProC440.

Figure 16 (top) depicts anti-proliferative effects of ACC ProC440 in vivo using
the Daudi xenograft tumor model. ACC ProC440 induced complete turmor regression at a
dose as low as 0.1 mg/kg and slowed-down tumor growth at a dose of 0.02 me/kg.
Figure 16 (bottom} depicts anti-proliferative effects of Sylatron® in vivo using the
Daudi xenograft tumor model.

Figure 17A depicts the structure of ProC286 and the activity of ProC286
compared to the activity of Sylatron® in the Daudi apotosis assay. ProC286 and
Sylatron® showed similar levels of activity indicating that Pro{C286 could be used as
surrogate Sylatron® control to evaluate the tolerability of IFNw-2b in the hamster study.
Figure 178 depicts the structure of ProC291 and the activity of ProC291 compared to the
activity of Sylatron® in the Daudi apotosis assay. ProC291 showed significantly reduced
activity compared to Sylatron® and ProC286.

Figure 18 depicts the specific activity of IFNa-con {recombinant interferon alpha,
a non-naturally occurring type-l interferon) , ProC440+uP A, PEG-IFNa2b (Sylatron}, and
ProC440 and anticipated toxic doses in a dose-escalation study in vivo, e.g., at escalating
doses of 0.08, 0.4, 2, 10, 15 mg/kg (“mpk”).

Figure 19 depicts the structure of ACC ProCB859 universal interferon {top), the
anti-proliferative effects of ACC Pro{’859 in a B16 mouse melanoma cell assay and the
activity of ACC ProC859 in the IFN-responsive HEK293 assay.

Figure 20A is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains DD 540 and DD2 586, respectively.
The first monomer construct comprises, from N-terminus to C-terminus, a first mature
cytokine protein CP1 508, a first optional linker 810, a first cleavable motety CM1 528, a
second optional linker $30, and a first dimerization domain DD1 846, The second
meonomer construct comprises, from N-terminus to C-terminus, a second mature cytokine
protein CP2 558, a third optional linker 560, and a second dimerization domain DD2 596,

Figure 20B 1s a schematic of an llustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
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means via first and second dimerization domains DD1 600 and DD2 656, respectively.
The first monomer construct comprises, from N-terminus to C-terminus, a first
dimerization domain BD1 608, a first optional linker 630 and a first mature cytokine
protein CP1 648, The second monomer construct comprises, from N-terminus to C-
terminus, a second dimerization domain DD2 65¢, a second optional linker 660, a
cleavable motety CM 676, a third optional linker 680, and a second mature cytokine
protein CP2 696

Figure 21 A is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains 2D1 740 and DBD2 798, respectively.
The first monomer construct comprises, from N-terminus to C-terminus, a first mature
cytokine protein CP 700, a first optional linker 719, a first cleavable moisty CM1 728, a
second optional linker 736, and a first dimerization domain DD1 748, The second
monomer construct comprises, from N-terminus to C-terminus, a polypeptide or protein
that lacks cytokine activity 780, and a second dimerization domain DD2 790, The
polypeptide or protein that lacks cytokine activity 780 may, for example, be a truncated
cytokine protein that lacks cytokine activity, a mutated cytokine protein that lacks
cytokine activity, a stub sequence, or a polypeptide sequence that binds with high affinity
to CP 708 and reduces the cytokine activity of the second moiety as compared to the
control level of the second moiety. The DD1 740 and the DD2 790 may be the same or
different.

Figure 21B 1s a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non~covalent
means via first and second dimerization domains DD1 800 and DD2 858, respectively.
The first monomer couvstruct comprises, from N-terminus to C-terminus, a first
dimerization domain D1 860 and a polypeptide or protein that lacks cytokine activity
838, The second monomer construct comprises, from N-terminus to C-terminus, a
second dimerization domain DD2 889, a first optional linker 868, a cleavable moiety CM
878, a second optional linker 888, and a mature cytokine protein CP 830 The
polypeptide or protein that lacks cytokine activity 838 may, for example, be a truncated
cytokine protein that lacks cytokine activity, a mutated cytokine protein that lacks
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cytokine activity, a stub sequence, or a polypeptide sequence that binds with high aftinity
to CP 786 and reduces the cvtokine activity of the second moiety as compared to the
contro} level of the second moiety. The D1 860 and the D2 850 may be the same or
different.

Figure 22 shows the animal weight loss when dosed with 2 mpk, 10 mpk, and 15
mpk of control higG4, ProC286, or ProC440 over treatment periods in Syrian Gold
Hamsters.

Figure 23 shows the clinical chemistry outcomes (Alkaline phosphatase, Alanine
transaminase, and Aspartate transaminase) in Syrian Gold Hamsters dosed with 2 mpk,
10 mpk, and 15 mpk of control higG4, ProC286, or ProC440.

Figure 24 shows the hematology analysis outcomes (Reticulocvte, Neutrophil,
and White Blood Cells (WBC) counts) in Syrian Gold Hamsters dosed with 2 mpk, 10
mpk, and 15 mpk of control higG4, ProC286, or PraC440.

Figuve 25 schematically shows an embodiment of an ACC denocting its Linking

Region (LR).

DETAILED 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, yield 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 cyiokine-based therapies.

Also provided herein are related intermediates, composttions, kits, nucleic acids,
and recombinant cells, as well as related methods, including methods of using and
methods of producing any of the activatable cytokine constructs 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 1o therapy, particulary for treating cancers.
While cytokines are regulators of innate and adaptive immune system and have broad
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anti-tumor activity in pre-clinical models, their clinical success has been limited by
systemic toxicity and poor systemic exposure to target tissues. The inventors 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 1o target issues. As such, the present
disclosure provides a method of reducing target-mediated drug disposition (TMDD) of
cytokine therapeutics by administering ACCs baving the specific elements and structural
orientations described herein to a subject. As such, the invention solves the problem of
sequestration of a sigoificant fraction of the administered cytokine dose by normal
tissues, which is a problem that timits the fraction of the dose available in the systemic
circulation to reach the target fissues, e.g., cancerous tissue, in conventional cytokine
therapeutics. The present cytokine construct localizes target binding to 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 enabies safe and effective systemic delivery, thereby avoiding the dose-~
dependent toxicities of conventional systemic cytokine therapies, and also avoids a
requirement 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 consiructs achieves high reduction of cytokine activity,
particularly higher reduction than when a single cytokine is attached to a dimerization
domain. See Fig. 15.

Additionally, the inventors have discovered that the degree of reduction of
cytokine activity can be adjusted by varying the flexible linker length or the linking
region length. The inventors surprisingly found that reduction of cytokine activity on the
order of 1,000 fold or more can be achieved by attaching a cytokine via a short protease
cleavable sequence to a sterically constrained dimerization domain {such as an Fe domain
of a human IgG that is truncated at the first cysteine in the hinge region, e.g., Cys226 as

numbered by EU numbering). Surprisingly, protease cleavage occurs despite the steric
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constraint, and full cytokine activity is regained upon cleavage of the cytokine from the
dimerization domain.

Applicant’s U.8. Provisional App. No. 63/008,542, filed April 10, 2020, which
describes certain activatable cytokine constructs, is incorporated herein by reference in its
entirety.

Activatable Cytokine Constructs

Activatable cytokine consiructs of the present invention are dimer coraplexes
comprising a first monomer construct and a second monomer construct. Dimerization of
the monomeric components is facilitated by a pair of dimerization domains. In one
aspect, each monomer construct includes a cytokine protein, a cleavable moiety, and a
dimerization domain (DD}, In one aspect, one monomer construct includes a cytokine
protein, a cleavable moiety, and a DB, whereas the other monomer construct includes a
cytokine protein and a DD, but not a cleavable moiety. In one aspect, one monomer
construct includes a cytokine protein, a cleavable motety, and a DD, whereas the other
monomer construct includes a protein or peptide that lacks cytokine activity and a DD,
but not a cleavable moiety. 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 mature cytokine protein (CP1}, 2
tirst cleavable moiety (CM1), and a first dimerization domain {DD1},

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

{b) the second monomer construct comprises a second mature cytokine protein
{CP2), a second cleavable motety (CM2), and a second dimerization domain (DD2),

wherein the CM2 is positioned between the CPZ and the DD2;

wherein the DD and the DD2 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 fevel 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.

The term “activatable” when used in reference to a cytokine construct, refersto a
cytokine construct that exhibits a first level of one or more activities, whereupon
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exposure to a condition that causes cleavage of one or both cleavable moieties results in
the generation of a cytokine 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 cytokine protein” refers herein to a cytokine protein that lacks a
signal sequence. A cytokine protein (CP) may be a mature cytokine protein ot a cytokine
protein with a signal peptide. Thus, the ACCs of the present disclosure may include a
mature cyiokine 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 aspects, the ACCs of the present disclosure may include
sequences disclosed herein, including or lacking the signal sequences recited herein.

The terms “cleavable moiety” and “CM” are used interchangeably herein to refer
to a peptide, the arvivo acid sequence of which comprises a substrate for a sequence-
specific protease. Cleavable moieties that are suitable for use as CM1 and/or CM2
include any of the protease substrates that are known the art. Exemplary cleavable
moieties are described in more detail below.

The terms “dimerization domain” and “DDY 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 IDs suitable
for use as DD1 and or DD2 are described in more detail herein below.

As used heretn, a polypeptide, such as a cytokive or an Fc domain, 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 variant 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” means

that the sequence of the polypeptide (e.¢., cytokine} may include fewer amino acids than
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the full-length polypeptide sequence, but sutficient polypeptide chain length to confer
activity {e.g., cytokine activity).

The first and second monomer constructs may further comprise additional
clements, 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, and DD
components in each of the first and second monomer constructs may be arranged in the
same order in each monomer construct. The CP1, CM1, and DD 1 componentis may be
the same or different as compared to the corresponding CP2, CM2, and DD2, in terms of,
for example, molecular weight, size, amino acid sequence of the CP and CM components
(and the DD components in embodiments where the 2D 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-
termimus of the CP and CM components, the CP1, the CM1, and, linked directly or
indirectly (via a linker} to the C-terminus of the CM 1, the DD1. iIn other embodiments,
the first monomer construct coraprises from C- to N~ terminus of the CP and CM
components, the CP1, the CM1, and, linked directly or indirectly (via a linker) to the N-
terminus of the CM1, the DD, In some embodiments, the second monomer construct
comprises, from N~ to C- terminal terminus of the CP and CM components, the CP2, the
CM2Z, and, linked directly or indirectly (via a linker) to the C-terminus of the CM2, the
D2, In other embodiments, the second monomer construct comprises, from C- 1o N-
terminus of the CP and CM components, the CP2, the CM2, and, linked directly or
indirectly {via a linker) to the N-terminus of the CM2, the DD2.

In certain 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 CM components. A schematic of an
tllustrative ACC is provided in Figure 1A, With reference to Figure 1A, the ACC
comprises, from N-terminus to C-terminus of the CP and CM components: (1} a first
monomer construct having a CP1 108; a CM1 120 C-terminally positioned relative to the
CP1 180; an optional linker 118, which, if present, is positioned between the C-terminus
of the CP1 100 and the N-terminus of the CM1 128; a DD1 140; and an optional linker
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1398, which, if present, is positioned between the C-terminus of the CM1 120: and the
D1 149; (2) a second monomeric construct having a CP2 130; a CM2 176 that is C-
terminally positioned relative to the CP2 156 an optional linker 166, which, if present, is
positioned between the C-terminus of the CP2 180 and the N-terminus of the CM2 178; a
D2 199; and an optional linker 180, which, if present, is positicned between the C-
termius of the CM2 178 and the the DD2 198; and (3) one or more covalent or non-
covalent bonds (€-¥).

A schematic of a further illustrative ACC, with its components organized in the
reverse orientation of the ACC is provided in Figure 1B, With reference to Figure 18,
the ACC comprises, from N-terminus to C-terminus of the CP and CM components: (1) a
first monomeric construct having a DD 208; a CM1 228; an optional linker 218, which,
if present, is positioned between the DD1 266 and the N-terminus of the CM1 228; a CP1
246 C-terminally positioned relative to the CM1I 220; and an optional linker 230, which,
if present, is positioned between the C-terminus of the CM1 228 and the N-terminus of
the CP1 246; (2) a second monomeric construct having a DDZ 256¢; a CM2 278; an
optional Hinker 264, which, if present, is positioned between the DD2 258 and the N-
terminus of the CM2 278; a CP2 296 C-terminally positioned relative to the CM2 278;
and an optional linker 280, which, if present, is positioned between the C-terminus of the
M2 296 and the N-terminus of the CP2 296¢; and (3) one or more covalent or non-
covalent bonds (£3).

Figure 2A is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains DD1 346 and BD2 354, respectively.
The first monomer construct comprises, from N-terminus to C-terminus of the CP and
CM components, a first mature cytokine protein CP1 388, a first optional linker 316, a
first cleavable moiety CM1 328, a second optional linker 338, and a first dimerization
domain DD 340, The second monomer construct comprises, from N-terminus to C-
terminus, a second mature cytokine protein CP2 380, a third optional linker 369, a second
cleavable motety CM2 378, a fourth optional linker 380, and a second dimerization

domain DD2 396G,
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Figure 28 is a schematic of an illustrative activatable cytokine construct
comprising a first and second monomer construct that bind to each other by non-covalent
means via first and second dimerization domains DT 480 and DD2 450, respectively.
The first monomer construct comprises, from N-terminus to C-termuinus of the CP and
CM components, a first dimerization domain DX 408, a second optional linker 418, a
first cleavable moiety CM1 428, a first optional linker 438, and a first mature cytokine
protein CP1 448. The second monomer construct comprises, from N-terminus to C-
terminus of the CP and CM components, a second dimerization domain DD2 450, a
fourth optional linker 468, a second cleavable motety CM2 478, a third optional linker
480, and a second mature cytokine protein CP2 490, In alternative aspecis, one of the
two moieties depicted as CP1 440 and CP2 490 is a truncated cytokine protein that facks
cytokine activity. For example, either CP1 or UP2 may be a truncated interferon alpha 2b
having the first 151 amino actds of wild-type interferon alpha 2b. In alternative aspects,
one of the two moieties depicted as CP1 440 and CP2 490 1s a mutated cytokine protein
that lacks cytokine activity. For exampie, either CP1 or CP2 may be a truncated
interferon alpha 2b having a L130P mutation. In alternative aspects, one of the two
moieties depicted as CP1 440 and CP2 490 is a polypeptide sequence that lacks cytokine
activity, €.¢., a signal moiety and/or a stub sequence. In alternative aspects, a first one of
the two moteties depicted as CP1 440 and CP2 490 is a polypeptide sequence that binds
with high affinity to a second one of the two moieties depicted as CP1 440 and CP2 490
and reduces the cytokine activity of the second moiety as compared to the conirol tevel of
the second motety.

The ACC structure was discovered to be highly effective at reducing activity of
the mature cytokine protein components in a way that does not lead to substantially
impaired cvtokine activity after activation. The activation condition for the ACCs
described herein is exposure to a protease that can cleave at least one of the cleavable
moieties {CMs) in the ACC. As demonstrated in the Examples, activation of the ACC
resulted in substantial recovery of cytokineg activity. The results suggest that
conformation of the cytokine components was not irreversibly altered within the context
of the ACC. Significantly, the ACC does not rely on having to identify and utilize a

peptide mask that has binding affinity for the cytokine protein component to achieve a
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masking effect. Thus, the ACC does not comprise a peptide mask having binding affinity
for the cvtokine protein component. The present inventors unexpectedly found that the
ACC structure is sufficient to avoid off-target and undesired activity and/or toxic side
effects of cytokines without use of any masking moieties having binding affinity for the
cytokine protein component. Thus, the ACCs described hergin are characterized in that
they lack affinity masking moieties or peptide masking moieties.

The ACC may employ any of a variety of mature cytokine proteins, cleavable
moieties, and DDs as the CP1, CP2, CM1, CMZ, DD, and DD2, respectively. For
example, any of a variety of mature cytokine proteins that are known io 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 tau, and an
interferon omega), an interleukin {such as, for example, IL-1a, IL-18, H-1RA, IL-1§, IL-
2, T4, 1L-7, [L-9, IL-13, IL-15, IL-3, IL-5, GM-CSF, 1L-6, IL-11, IL-21), G-CSF, 1L-12,
LIF, OSM, IL-10, 1L-20, IL-14, [L-16, 1L-17, CD154, LT-B, TNF-or, TNF-B, 4-1BBL,
APRIL, CD70, CDI53, CD178, GITRL, LIGHT, OX401., TALL-1, TRAIL, TWEAK,
TRANCE, TGF-B1, TGF-B1, TGF-§3, EPCo, TPO, Flt-3L, SCF, M-CSF, and MSP, and
the like, as well as sequence and truncation variants thereof. For example, sequences of
such proteins include those exemplified herein and additional sequences can be obtained
from nebinlm.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 variants employed in the present invention
include any of the truncated cytokine polypeptides that are known in the art (see, e.g.,
Stutzkd et al, /. Mol Biol 360:1019-1030, 2006, and US 2009/0025106), 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, 1 to about 25 amino acids, 1
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to about 20 amino acids, 1 to about 15 amino acids, 1 to about 10 amino acids, 1 to about
8 amino acids, 1 to about 6 amino acids, | to about 4 amino acids, that retain a cytokine
activity. In some of the foregoing embodiments, the truncated CP is an N-terminally
truncated CP In other embodiments, the truncated CF 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%, ai least 84%, at least
86%, at least 88%, at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at
feast 97%, at least 98%, at least 99%, or 100% 1dentical) to a cytokine reference sequence
selected from the group consisting of) SEQ 1D NO: 101, SEQ D NG 102, SEQ ID NG
103, SEQ ID NO: 104, SEQ ID NO: 105, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID
NO: 108, SEQ D NO: 109, SEQ 1D NO: 110, SEQ ID NO: 111, SEQ ID NO: 112, SEQ
1D NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117,
SEQ D NOG: 118, SEQ IDNO: 119, SEQ IDNO: 12, SEQ ID NG: 121, SEQ 1D NO:
122, SEQ ID NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID
NO: 127, SEQ ID NO: 128, SEQ 1D NO: 129, SEQ ID NO- 130, SEQ ID NO: 131, SEQ
ID NO: 132, SEQ ID NO- 133, SEQ ID NO: 134, SEQ ID NO: 135, SEQ ID NO: 136,
SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, SEQ ID NO: 140, SEQ ID NO:
141, SEQ D NO: 142, SEQ D NO: 143, SEQ 1D NO: 144, SEQ 1D N(O: 145, SEQID
NO: 146, SEQ ID NO: 147, SEQ ID NO: 148, SEQ ID NO: 149, SEQ ID NO: 150, SEQ
ID NO: 151, SEQ 1D NO: 152, SEQ ID NO: 153, SEQ ID NO: 154, SEQ ID NO: 155,
SEQ ID NO: 156, SEQ ID NO: 157, SEQ ID NO: 158, SEQ ID NO- 159, SEQ ID NO:
160, SEQ ID NO: 161, SEQ ID NO: 162, SEQ ID NO: 163, SEQ 1D NO: 164, SEQ ID
NG 165, SEQ ID NO: 166, SEQ ID NO: 167, SEQ ID NG: 168, SEQ ID NOG: 169, SEGQ
ID NO: 170, SEQ ID NO: 171, SEQ ID NO: 172, 8EQ 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 ID NO: 180, SEQ ID NO: 181, SEQ ID NO: 182, SEQ ID NO: 183, SEQ ID
NG 184, SEQ 1D NO: 185, SEQ ID NO: 186, SEQ D NG 187, SEQ ID NO: 188, SEQ
IDNO: 189, SEGQ 1D NO: 190, SEQ ID NG: 191, SEQ ID NG: 192, SEQ ID NO: 193,
SEQ D NG 194, SEQ ID NO: 195, SEQ 1D NG: 196, SEQ ID NG 197, SEQ 1D NG
198, SEQ ID NQO: 199, SEQ 1D NG: 200, SEQ ID NO: 201, SEQ ID NO: 202, SEQ ID
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NG 203, SEQ ID NO: 204, SEQ 1D NO: 205, SEQ D NO: 206, SEQ ID NO: 207, SEQ

ID NG: 208, and SEQ ID NGO: 209, The percentage of sequence identity refers to the
level of amino acid sequence identity between fwo 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 | | Mol. Biol.
215:403-10, 1990. In some aspects, the ACC includes an interferon alpha 2b mutant, for
example, an interferon alpha 2b molecule having a mutation at position L1390, e.g., L130P
mutation, as either CP1 or CP2. In some aspects, the ACC includes an interferon alpha 2b
mutant baving a mutation at position 124, Fo64, 160, 163, F64, W76, 1116, L117, F123, or
1128, or a combination thereof. For example, the interferon alpha Zb mutant may
include mutations 1116 to T, N or Ry L128to N, H or R; [2d to Por G, L117H; or
L1287, or a combination thereof. In some aspects, the interferon alpha 2b mutant may
include mutations 124Q, I60T, Fo4A, W76H, 1116R, and L128N, or a subset thereof. In
some aspects, the ACC wcludes as one of CP1 and CP2 a truncated woterferon alpha 2b
molecule that lacks 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: 1 to 151, 110 150, 1 to
149, 110148, .. . 1t0 10, 1109, 1to8 1to7, 106, or2t0 151, 310 151, 4t0 151, Sto
150, 610 149, 7 10 148, 8 10 147, 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-
omega, and an interferon-tau. In some embodiments, when the interferon is an interferon
alpha, it may be an interferon alpha-2a, an interferon alpha-2b, or an interferon alpha-n3.
Further examples of interferon alpha include interferon alpha-1, interferon alpha-4,
interferon alpha-3, interferon alpha-6, interferon alpha-7, interferon alpha-8, interferon
alpha-~10, interferon alpha-13, interferon alpha-14, interferon alpha-16, interferon alpha-

7, and interferon alpha-21. In some embodiments, the interferon 18 a recombinant or
purified interferon alpha. In certain embodiments, when the interferon is an interferon-

beta, it is selected from the group consisting of an interferon beta-1a and an interferon
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beta-1b. In some embodiments, the CP1 and/or the CP2 comprises an [Fab domain of an
interferon alpha or an interferon beta. The IFab domain is responsible for the cytokine
release and antivirus functions of interferons. Exemplary IFab sequences are provided in
SEQ ID Nos: 325-334.

In some embodiments, the CPI 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
feast 98% 1dentical, or at Jeast 99% identical, or 100% identical to an interferon alpha
reference sequence selected from the group consisting of SEQ 1D NO: 1, SEQ ID NO:
101, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 104, and SEQ ID NO: 105, In
certain specific embodiments, the interferon alpha reference sequence is SEHQ D 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 NO: 101, SEG ID NO: 102, SEQ ID NO: 103, SEQ
ID NO: 104, and SEQ [D NO: 105, In certain ewbodiments, the CP1 and/or the CP2
comprise a mature human alpha interferon having the amino acid sequence of SEQ (D
NO: 1. In some of the above-described embodiments, the CP1 and the CP2 comprise the
same amino acid sequence.

In other 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 ieast 82%
tdentical, at least 84% identical, at least 86% identical, at ieast 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 beta
reference sequence selected from the group consisting of SEQ ID NO: 106, SEG 1D NG:
107, SEQ D NO: 108, and SEGQ ID NQ: 109, In certain embodiments, the interferon
beta reference sequence is a human interferon beta reference sequence selected from the
group consisting of SEQ 1D NO: 106 and SEQ ID NO: 107, In some embodiments, the
CP1 and/or the CP2 comprise a mature beta interferon having an amino acid sequence

selected from the group consisting of SEQ ID NO: 106, SEQ 1D NOG: 107, SEQ 1D NO:
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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 feast 82% identical, at
teast 84% identical, at least 86% identical, at least 88% identical, at feast 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 CP2 coraprise a mature burnan 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.

In some embodiments, the CP1 and/or the CP2 exhibit{s) an interleukin activity
and include(s) an amino acid sequence that i3 at least 80% identical, at least §2%, 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 or 100% identical to an
interleukin reference sequence selected from the group consisting oft SEQ ID NGO 111,
SEQ ID NO: 112, SEQ ID NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO:
116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID NO: 12, SEQ ID
NG 121, SEQ ID NO: 122, SEQ 1D NO: 123, SEQ D NG 124, SEQ D NGO 125, SEQ
ID NO- 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130,
SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID NO: 133, SEQ 1D NO: 134, SEQ ID NO:
135, SEQ ID NO: 136, SEQ ID NO: 137, SEQ ID NO: 138, SEQ ID NO: 139, SEQ ID
NO: 140, 8EQ ID NO: 143, SEQ ID NO: 144, SEQ ID NO: 145, SEQ ID NO: 146, SEQ
NG 151, SEQID NO: 152, SEQ [D NG: 153, SEQ ID NO: 154, SEG ID NO: 155,
SEQ ID NO: 156, SEQ ID NO: 157, SEQ ID NO: 158, SEQ ID NO: 159, and SEQ ID
NG: 160. In some embodiments, CP1 and/or CPZ comprises a mature interleukin having
an amino acid sequence selected from the group consisting of: SEQ ID NG: 111, SEQ ID
NG 112, SEQ 1D NO: 113, SEQ ID NO: 114, SEQ ID NG 115, SEQ ID NO: 116, SEQ
IDNO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEG ID NO: 12, SEQ ID NO: 121,
SEQ D NG 122, SEQ ID NO: 123, SEQ 1D NG: 124, SEQ ID NG: 125, SEQ 1D NG

26, SEGQ 1D NQ: 127, SEQ 1D NG: 128, SEQ ID NO: 129, SEG 1D NO: 130, SEQ D
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NG 131, SEQ ID NO: 132, SEQ ID NO: 133, SEQ ID NG 134, SEQ ID NO: 135, SEQ
ID 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 1D NO: 146, SEQ ID NO:
151, SEG ID NO: 152, SEQ ID NG: 153, SEQ ID NO: 154, SEGQ 1D NO: 155, SEQ 1D
NG 156, SEQ D NO: 157, SEQ 1D NG: 158, SEQ 1D NO: 159, and SEQ 1D NO: 160
In some of the above-described embodiments, the CP1 and the CPZ comprise the same
amino acid sequence.

In some embodiments, CP} and/or CP2 exhibit(s) an interleukin activity and
include(s) an amino acid sequence that is at least 80% identical, at feast 82%, at least
84%, at least 86%, at least 88%, at least 90%, at least 92%, at least 94%, ai least 95%, at
least 96%, at least 97%, at least 98%, or at least 99% identical to an interleukin reference
sequence selected from the group consisting of SEQ [13 NO: 111 (human [L-1 alpha),
SEQ ID NOG: 113 (human IL-1 beta), SEG ID NO: 115 (human IL-1RA), SEGQ ID NG:
117 ¢human IL-18), SEQ 1D NO: 119 (homan IL-2), SEQ 1D NOG: 121 (human H.-4),
SEG ID NO: 123 (human [L-7), SEQ 1D NO: 125 (human 1L-9), SEQ 1D NG: 127
(human H.-13), SEQ 1D NG 129 thoman IL-15}, SEQ D NO: 131 (homan 1L-33, SEQ
1D NO: 133 (human 1L-3), SEQ D NO: 137 (human [L-6), SEQ ID NO: 139 (human 1L~
11), SEQ ID NO: 143 (human 1L-12 alpha), SEQ ID NO: 144 (human IL-12 beta), SEQ
D NG 151 (uman 1L-10), SEQ D NO: 153 (human [L-20}; SEQ 1D NO: 155 (human
IL-14), SEQ ID NG: 157 (human IL-16), and SEQ ID NO: 159 human IL-17). In
certain 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
IL~1 beta), SEQ 1D NG: 115 (human IL-1RA), SEQ ID NO: 117 (human 1L-18), SEQ D
NG 119 (haman [L-2), SEG ID NO: 121, SEQ D NG: 123 thuman 1L-7), SEGQ ID NO:
125 (human IL-9), SEQ D NG 127 (human H.-13), SEQ ID NG 129 (human IL-15),
SEQ ID NO: 131 ¢human IL-3), SEQ 1D NO: 133 (human {L-5), SEG 1D NO: 137
(human IL-6), SEQ ID NGO: 139 (human IL-11), SEG ID NO: 143 (human IL-12 alpha),
SEQ ID NO: 144 (human [1.-12 beta), SEQ I3 NO: 151 Chuman IL-10), SEQ 1D NGO 153
(human IL-20); SEQ ID NO: 155 (human IL-14), SEQ ID NO: 157 (human [L-16}, and
SEQ 1D NG 159 (human 1L-173. In some of the above-described embodiments, the CP1
and the CP2 comprise the same amino acid sequence.
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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 amine
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 5350 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 amino acids,
about 10 amino acids to about 200 amino acids, about 10 amino acids to about 150 amino
acids, about 10 aminc acids o 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
about 40 aminoe 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
amino acids to about 600 amino acids, about 20 amino acids to about S50 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 amine 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 to about 80 amino acids, about 20 amino acids to about 60 amino acids,
about 20 amine acids to about 40 amino acids, about 40 amino acids to about 700 amino
acids, about 40 amino acids to about 650 amino acids, about 40 amino acids to about 600
amino acids, about 40 amino acids to about 530 amino acids, about 40 amine acids to
about 300 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 aminc acids o about 100 amino acids, about 40 amino acids to about 80
amino acids, about 40 amino acids to about 60 amino acids, about 60 aminoe 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
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amino acids to about 500 amino 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
arpino acids to sbout 650 amino acids, about R0 amino acids to about 600 amino acids,
about 80 amino acids to about 550 amino acids, about 80 amino acids to about 500 amino
acids, about 80 amino acids {0 about 450 amino acids, about 80 amino acids to about 400
amino acids, about 80 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
acids to about 200 amino 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 actds to about 650 aminoe 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 arivo 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 anmino acids, about 150 amino acids to about 700 amino acids, about 150
amino acids to about 650 amine acids, about 150 amino acids to about 600 amino acids,
about 150 amino acids to about 530 amino acids, about 150 amino acids to about 300
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 350 amino acids, about 150
amitno 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 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, about 200 amino acids to
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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 amine acids, about 250 amine acids to about 500
amino acids, about 250 amino acids to about 450 amino acids, about 250 amino acids to
about 400 aming 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 650 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
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 o about 450 amino acids, about 350 amino acids to about 400 amino acids,
about 400 aming acids to about 700 amino acids, about 400 amino acids to about 650
aroino acids, about 400 amino acids to about 600 amino acids, about 400 amino acids o
about 550 amino acids, about 400 amino acids to about 500 amino acids, about 400
amino acids to about 430 amino acids, about 450 amino acids to about 700 amino acids,
about 450 amino acids to about 650 amino acids, about 450 amine acids to about 600
amino acids, about 450 amino acids to about 550 amino acids, about 450 amino acids to
about 300 amine 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 760
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 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 a mature wildtype human cytokine
protein.

Hach monomer construct of the ACC may employ 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
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molecular weight of less than about 1 kilodalton, and sometimes less 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 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 molecules based on mutated RNase 1 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, synaptobrevin, and SNAP23; 4 single domain
antibody (sdAb) and corresponding 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-coil helices, Glu-Lys coiled coil helices,
leucine zipper structures), small molecule binding pairs such as biotin and avidin or
streptavidin, amine/aldehvde, lectin/carbohydrate; a pair of polymers that can bind each
other, such as, for example, a pair of sulfur- or thiol-contaiming polymers {e.g., a pair of
Fc¢ domains, a pair of thiolized-human serum albumin polypeptides, and the like}; and the
like,

In some embodiments, the DD1 and BD2 are non-polypeptide polymers. The
non-polypeptide polymers may covalently bound to cach other. In some examples, the
non-polypeptide polvmers may be a sulfur-containing polymer, e.g., sulfur-containing
polyethylene glycol. In such cases, the DD and DD2Z may be covalently bound to each
other via one or more disulfide bonds.

When the pair of DD1 and BD2 are members of a pair of epitope and antigen-
binding domain, the epitope may be a naturally or non-naturally occurring eptiope.
Exemplary non-naturally 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).

In certain specific embodiments, the D1 and the DD2 are a pair of Fe domains.

As used herein, an “Fc domain” refers to a contiguous amino acid sequence of a single
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heavy chain of an immunoglobulin. A pair of Fc domains associate together to form an
Fc region of an immunoglobulin.

in some embodiments, the pair of Fe domains is a pair of buman Fe domains
{e.g., a pair of wildtype human Fc domains). In some embodiments, the human Fe
domains are human IgG1 Fc domains (e.g., wildiype human IgG1 Fc domains}, human
1gG2 Fc domains (e.g., wildtype human IgG2 Fc domains), human [gG3 Fc domains
(e.g., wildtype human IgG3 Fe domains), or human IgG4 Fe domains {e.g., wildtype
human 1g(G4 Fc domains). In some embodiments, the human Fe domains comprise a
sequence that 15 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 NO: 3.

In some embodiments, the pair of Fc domains comprise a knob mutant and a hole
mutant of a Fe domain. The knob and hole mutants may interact with each other to
facilitate the dimerization. In sore embodiments, the knob and hole mutants may
comprise one of more aminc 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 S354C in one of the
antibody heavy chains, and the amino acid substitutions T366S5, 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
F¢ mutants of SEQ 1D NOs: 315 and 316, as well as those deseribed in U.S. 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 1s at least 80%% identical (e.g., at least 82%, at least 84%, at least 85%, at least 86%,
at least 88%, at least 90%, ai least 92%, at least 94%, at least 95%, at least 96%, at least
07%, at least 98%, at least 99%, or 100% identical) to SEQ ID NQOs: 315 and 316,
respectively.

In some embodiments, DD and/or D2 can further include a serum half-life
extending moiety {e.g., polypeptides that bind serum proteins, such as immunogliobulin
{e.g., 1gG) or serum albumin (e.g., human serum albumin (HSA}}. Examples of half-life

extending moieties include hexa-hat GST (glutathione S-transferase) glutathione affinity,
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Calmodulin-binding peptide (CBP), Strep-tag, Cellulose Binding Domain, Maltose
Binding Protein, 8-Peptide Tag, Chitin Binding Tag, Immuno-reactive Epitopes, Epitope
Tags, E2Tag, HA Epitope Tag, Myc Epitope, FLAG Epitope, AUT and AUS Epitopes,
Glu-Glu Epitope, KT3 Epttope, IRS Epitope, Btag Epitope, Protein Kinase-C Epitope,
and VY Epitope.

In some embodiments, DD and/or D2 each include a total of about 5 amino
acids to about 250 amino acids, about § amino acids to about 200 amino acids, about 5
amino acids to about 180 amino acids, about 3 amino acids to about 160 amino acids,
about 5 amino acids to about 140 aming acids, about 5 amino acids to about 120 amino
acids, about 5 amino acids to about 100 amino acids, about § amino acids to about 80
amino acids, about S amino acids to about 60 amino acids, about 3 amino acids to about
40 aminc acids, about 5 amino acids to about 20 amine 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 amino acids to about 120 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 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
aming acids to about 160 aminoe 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 amino 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 200 amino acids, about 40 amino
acids to about 180 amino acids, about 40 amino acids to about 160 amino acids, about 40
amino acids to about 140 amino acids, about 40 amino acids to about 120 amino acids,
about 40 aming acids to about 100 amino acids, about 40 amino acids o about 80 amine
acids, about 40 amino acids to about 60 amino acids, about 60 amino acids to about 250
amino acids, about 60 amine 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
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acids to about 140 amine acids, about 60 amino acids to about 120 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 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
amino acids, about 80 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 amino acids to about 160 amino
acids, about 100 amino actds to about 140 amino acids, about 100 amino acids to about
120 amine 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
amino acids to about 160 amino acids, about 120 amino acids to about 140 amino acids,
about 140 amino acids to about 2530 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 aming acids, about 160 amino acids to about 250 amino acids, about 160
amino acids to about 200 amino acids, about 160 amino acids to about 180 amino acids,
about 180 amino acids to about 250 amino acids, about 180 amino acids to about 260
amino acids, or about 200 amino acids to about 250 amino acids. In some embodiments,
D1 and DD2 are each an Fe domain that comprises a portion of the hinge region that
includes two cysteine residues, a CH2 domain, and a CH3 domain. In some
embodiments, D1 and D2 are each an Fe domain whose N-terminus is the first
cysteine residue in the hinge region reading in the N- to C- direction (e.g., Cysteine 226
of human IgG1 or IgG4, using EU numbering).

In some aspects, positioned between the CP and the DD components, either
directly or indirectly {e.g., via a linker), is a cleavable moiety that comprises a substrate
for a protease. In some embodiments, the CM1 and CM2 may each independently
comprise a substrate for a protease selected from the group consisting of ADAMS,
ADAMSY, ADAMIO0, ADAMIZ, ADAMIS, ADAMIT7/TACE, ADEMDECH,
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
o, Caspase 10, Caspase 14, Cathepsin A, Cathepsin B, Cathepsin C, Cathepsin G,
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Cathepsin K, Cathepsin L, Cathepsin S, Cathepsin V/L2, Cathepsin X/Z/P, Chymase,
Cruzipain, DESC1, DPP-4, FAP, Legumain, Otubain-2, Elastase, FVIa, FiXA FXa,
FXla, FXiia, Granzyme B, Guanidinobenzoatase, Hepsin, HtrAl, Human Neutrophil
Elastase, KLEK4, KLKS, KLK6, KLK7, KLKS, KLKi0, KLK11, KLK 13, KLK14,
Lactoferrin, Marapsin, Matriptase-2, Meprin, MT-85P1/Matriptase, Neprilysin, N83/4A,
PACEA4, Plasmin, PSMA, PSA, BMP-1, MMP1, MMP2, MMP3, MMP7, MMP8,
MMPS, MMP10, MMP11, MMP12, MMP13, MMP14, MMP15, MMP16, MMP17,
MMP19, MMP20, MMP23, MMP24, MMP26, MMP2Z7, TMPRSS2, TMPRSS3,
TMPRSS4, tPA, Thrombin, Tryptase, and uPA.

o some embodiments of any of the ACCs described herein, the protease that
cleaves any of the CMs described herein can be ADAME, ADAMY, ADAMIQ,
ADAMIZ, ADAMIS, ADAMIT/TACE, ADAMBECT, ADAMTST, ADAMTS4,
ADAMTSS, BACE, Renin, Cathepsin D, Cathepsin E, Caspase 1, Caspase 2, Caspase 3,
Caspase 4, Caspase S, 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/2/P, Cruzipain, Legumain, Otubain-2, KLK4, KLKS, KLK6, KLK7, KLKS,
KEK10, 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, FVIa, FIXa, FXa, FXia, FX{la,
Flastase, Granzyme B, Guanidinobenzoatase, HtrAl, 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
TMPRSSS.

In some embodiments of any of the ACCs described herein, the protease is
selected from the group of: uPA, legumain, MT-SP1, ADAMI17 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 in a
number of cancers. See, e.g., La Roca et al | British J. Cancer 90(7):1414-1421, 2004,
Substrates suitable for use in the CM1 and/or CM2 components employed herein include

those which are more prevalently found in cancerous cells and tissue. Thus, in certain

47



10

20

25

30

WO 2021/207669 PCT/US2021/026675

embodiments, CM1 and/or CM2 each independently comprise a substrate for a protease
that i3 more prevalently found in diseased tissue associated with a cancer. In some
embodiments, the cancer is selected from the group of! gasiric cancer, breast cancer,
osteosarcoma, and esophageal cancer. In some embodiments, the cancer is breast cancer.
In some embodiments, the cancer is a HERZ-positive cancer. In some embodiments, the
cancer is Kaposi sarcoma, hairy cell leukemia, chronic myeloid leukemia (CML),
follicular lymphoma, renal cell cancer (RCC), rmelanoma, 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 cancer, pancreatic cancer, non-small cell lung cancer (NSCLC),
colorectal cancer, esophageal cancer, gallbladder cancer, glioma, head and neck
carcinoma, ulerine cancer, cervical cancer, or testicular cancer, and the like. In some of
the above-described embodiments, the CM components comprise substrates for
protease(s} that 19/are more prevalest in tumor tissue.

In some embodiments, CM1 and/or CMZ2 each independently include(s) a
sequence selected from the group consisting of SEQ 1D NO: S to SEQ D NG 100, as
well as C-terminal and N-terminal truncation variants thereof.

In some embodiments, the CM includes a sequence selected from the group of:
ISSGLESGRSDNH (SEQ ID NO: 28), LSGRSDDH (SEQ ID NO: 33),
ISSGLLSGRSDGH (SEG D NO: 54), and ISSGLLSGRSDNI (SEQ 1D NO: 68).

In certain embodiments, CM1 and/or CM2 include(s) a sequence selecied from
the group of: APRSALAHGLF (SEQ ID NO: 263), AQNLLGMY (SEQ ID NO: 264),
LSGRSDNHGGAVGLLAPP (SEQ ID NO: 265), VHMPLGFLGPGGLSGRSDNH
(SEG ID NO: 266), LSGRSDNHGGYHMPLGFLGP (SEQ 1D NO: 267),
LSGRSDNHGGSGGSISSGLLSS (SEQ 1D NO: 268), ISSGLLSSGGSGGSLSGRSGNH
(SEQ ID NO: 269), LSGRSDNHGGSGGSONQALRMA (SEQ ID NO: 270),
ONQALRMAGGSGGSLSGRSDNH (SEQ 1D NO:271),
ESGRSGNHGGSGGSONQALRMA (SEQ ID NG 272,
QNQALRMAGGSGGSLSGRSGNH (SEQ ID NO: 273), ISSGLLSGRSGNH (SEQ 1D
NQG: 274}, as well as C-terminal and N-terminal truncation variants thereof. Examples of

M also include those described in U.S. Patent Application Publication Nos.
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2016/0289324, 2019/0284283, and in publication numbers WO 2010/081173, WO
2015/048329, WO 2015/116933, WO 2016/118629, and WO 2020/1 18109, which are
incorporated herein by reference in their entireties.

Truncation variants of the aforementioned amino acid sequences that are suitable
for use in a CM1 and/or CM2 are any that retain the recognition site for the
corresponding protease. These include C-terminal and/or N-terminal truncation variants
comprising at feast 3 contiguous amino acids of the above-described amino acid

-
7
i

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 recogutiion site for a protease.  In certain
embodiments, the truncation variant of 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 aminc acids, 1 to about 9 amino acids, 1 to about 8
amino acids, 1 to about 7 amino acids, 1 to about 6 amino acids, 1 to about 5 amino acids,
1 to about 4 amino acids, or 1 to about 3 arsino 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. o 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.

In some embodiments of any of the activaiable cytokine constructs described
herein, the CM1 and/or the CM2 comprise a total of about 3 amino acids to about 25
amino acids. In some embodiments, the CM1 and/or CM2 comprise a total of about 3
amino acids to about 23 amino acids, about 3 amino acids to about 20 amino acids, about
3 amine acids to about 15 amino acids, about 3 amino acids to about 16 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 5 amino actds 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 aming acids, about 15 amino acids to about 25 amino acids, about 15 amino
acids to about 20 amino acids, or about 20 amine 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 CM1 and the CM2
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comprise substrates for different proteases. In some embodiments, the CM1 and the
CM2Z 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 linker has a total length of 1 amino acid to about 15
amino acids. In some embodiments, the CM1 and the DD divectly abut each other in the
first monomer. 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 to 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 BDD2. In some embodiments, the linker has a
total fength of 1 amino acid to about 15 amino acids. In some embodiments, the linker
comprises a sequence of GGGS (SEQ ID NG: 2). 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 UM 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.

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 amino acids, about 50 amino acids to
about 650 amino acids, about 50 amino acids to about 600 amino acids, about 50 amino
acids to about 550 aminc acids, about 50 amino acids to about 500 amino acids, about 50
amino acids to about 450 amino acids, about 50 amino acids to about 400 amino acids,
about 50 amino acids to about 350 amino acids, about 50 amino acids to about 300 amino

acids, about 50 amino acids to about 250 amino acids, about 50 amino acids to about 200
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amino acids, about 50 amino acids to about 150 amine acids, about 50 amino acids to
about 100 amino 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 aminoe acids to about 630 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 5300 amino acids, about 100 amino acids to about 450 amino acids, about 100
aroino acids to sbout 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 aming acids, about 150 amino acids to about 800 amino acids, about 150
amino acids to about 750 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
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 to about 350 amine acids,
about 150 amino acids to about 300 amino acids, about 150 amino acids to about 250
amino acids, about 130 amino acids to about 200 amino acids, about 200 amino acids to
about 800 amino acids, about 200 amino acids to about 730 amino acids, about 200
amino acids o about 700 amine 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 {0 about 300 amino acids,
about 200 amino acids to about 250 amino acids, about 250 amino acids to about 800
amitno acids, about 250 amino acids to about 750 amino acids, about 250 amino acids o
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 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 800 amino acids, about 300 amino acids to about 750 amino acids,
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about 300 amino acids to about 700 amino acids, about 300 amino acids to about 650
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 aming 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 amino acids, about 350 amino acids to about 650 amino acids, about 350
amino acids to about 600 amino acids, about 350 amino acids to about 550 amino acids,
about 350 amino actds to about 500 amino acids, about 350 amino actds to about 430
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 750 amino acids, about 400
amino acids to about 700 amino acids, about 400 amino acids to about 650 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 aming acids, about 450 amino acids to about 800 amino acids, about 450
amino acids to sbout 750 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 amino actds, about 500 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 660
amino acids, about 500 amino acids to about 550 amino acids, about 550 amino acids to
about 800 amino actds, about 550 amino acids to about 750 amino acids, about 550
amino acids o about 700 amino acids, about 550 amino acids to about 650 amino acids,
about 350 amino acids to about 600 amino acids, about 600 amino acids to about 360
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 630 amino acids, about 650
amino acids to about 800 amino acids, about 650 amino acids to about 750 amino acids,
about 650 amino acids to about 700 amino 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.
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In some embodiments of any of the ACCs described herein, one or more linkers
(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 muoieties, between
moteties and domains, or at any other junctions where a linker 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. Auy of the linkers described
herein can provide the desired flexibility to facilitate the inhibition of the binding of a
target (e.g., a recepior 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. In some
embodiments, reducing the length of the linkers or Linking Region reduces the activity of
the mature cytokine protein in the ACCs (see, e.g., Figures 8A-8B and 10A-10B). 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 cormponent, to the C-terminus of the linker adjacent to the N-
terminal amino acid of the following component {(i.e., where the linker length does not
include either the C-terminal amino 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 Fe domain, linker length is determined by
counting the number of amino acids from the N-terminus of the livker adiacent 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 (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 Figure 25, 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 siretch of amino acids may be

referred to as a Linking Region (LR). As used herein, the term “Linking Region” or
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“LR” refers to the stretch of amino 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 interaction to the DD of the corresponding second monomer). For
example, when the DDs are a pair of Fe domains, the linking region is the stretch of
amivo acid residues between the C-terminus of the cytokine and the first N-terminal
cysteine residue that participates in the disulfide linkage of the Fe (e.g., Cysteine 226 of
an IgGl or 1g(G4 Fe domain, according to EU numbering). Wheuo the dimerization
domain is not a peptide, then the linking region is the streich of amino 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 cytokine
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 molecule. In some aspects, the Linking Region way comprise no more than
2418, 14,12, 11,10,9,8,7,6, 5, or 4 amino acids, e.g, Sto 14, Tt0 12, or 8 to 11
amino acids.

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 presentin a
target tissue) and serum half-life extending moieties {e.g., polypeptides that bind serum
proteins, such as immunoglobulin (e.g., 1gG) or serum albumio (e.g., buman serom
albumin (HSA)).

In some embodiments of any of the activatable cytokine coustructs described
herein, a 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 amino acid to about 18 amino acids,
about 1 amino acid to about 16 amino acids, about 1 amine 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 1 amino acid to about 8 amino acids,
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about 1 amino acid to about 6 amino acids, about 1 amino acid to about 5 amino acids,
about 1 aminoe acid to about 4 amino acids, about 1 amino acid to about 3 amino acids,
about 1 amino acid (o about 2 amino acids, about 2 amino acids to about 25 amine acids,
about 2 amino acids to about 24 amino acids, about 2 amino acids to about 22 amino
acids, about 2 amino acids o 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
13 amino acids, about 2 aminoe acids to about 14 amino acids, about 2 amino acids o
about 12 amino acids, about 2 amino acids to about 10 amino acids, about 2 amino acids
to about 8 amino acids, about 2 amino acids to about 6 amino acids, about 2 amino acids
to about 5 aming acids, about 2 amine acids to about 4 amino acids, about 2 amino acids
to about 3 amino acids, about 4 amino acids to about 25 amino 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 amino acids, about 4 amino acids to about 15 amino 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 to about 8 amino acids,
about 4 amino acids to about 6 amino acids, about 4 amino acids to about 3 amino acids,
about 5 amino acids to about 25 amino acids, about S aminoe acids to about 24 amino
acids, about 5 amino acids to about 22 amino acids, about 5 amino acids to about 20
amino acids, about S aminoe acids to about 18 amino acids, about 3 amino acids to about
16 aminc acids, about 3 amino acids to about 15 amino acids, about 5 amino acids o
about 14 amino acids, about 5 amino acids to about 12 amino acids, about 5 amino acids
to about 10 amino acids, about S amino acids to about 8 amino acids, about 5 amino acids
to about & amino acids, about 6 amino acids to about 25 amino acids, about & 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
6 amino acids to about 14 amino acids, about 6 amine acids to about 12 amino acids,
about 6 amino 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 & amino acids to about 20
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amino acids, about & amino acids to about 18 amino acids, about 8 amino acids to about
16 amino acids, about 8§ amino acids to about 1S amino acids, about 8 amino acids to
about 14 amino acids, about 8 amino acids o about 12 aminc acids, about 8 amino acids
to about 10 amino acids, about 10 amino acids to about 25 amine 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 amino 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 amino acids to about 12
amino acids, about 12 amino actds to about 25 amine acids, about 12 amino acids to
about 24 amine 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
amino acids to about 16 amino 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 amino acids to about 24 amioo acids, about 14 amino acids to about 22
amino acids, about 14 amino acids to about 20 amino 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 to about 24 amino acids, 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 amino
acids, about 15 amino acids to about 16 amino acids, about 16 amino acids to about 25
aming acids, about 16 amino acids to about 24 amino acids, about 16 amino acids to
about 22 amino acids, about 16 amino acids to about 20 anuino acids, about 16 amino
acids to about 18 amino acids, about 18 amino acids to about 25 amino acids, about 18
amino acids o about 24 amino acids, about 18 amino acids to about 22 amino acids,
about 18 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 amine acids, about 3 amino acids, about 4 amino

acids, about 5 amino acids, about 6 amino acids, about 7 amino acids, about 8 amino
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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 aminoe 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.

linkers between the CP and the DI exhibit the most significant reduction in cytokine
activity refative to the wildtype mature cytokine. See Figs. 8A and 10A. 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 BD. See Figs. 12-14.
Thus, in some embodiments, the ACC does not comprise any linkers between the CP and
the 3D, and the CM between the CP and the DD comprises not more than 10,9, 8, 7, 6,
3, 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 23, 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

~
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or S to 15 amino acids, or 7 to 12 amino acids, or any range or specific number of amino
actds selected from the range encompassed by 3 to 25 amino acids.

o 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 8) 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
(GSY{eg,1,2,3,4,5,6,7 8,9 or 10 or more S pairs). In some embodiments, the
linker has one or more Gly-Gly-Gly-Ser (GGGS) sequences(eg, 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) sequences {e.g., 1,2,3,4,5,6,7, 8.9, or 10 or more
GGGGS sequences). In some embodiments, the linker has one or more Gly-Gly-Ser-Gly
(GGSG) sequences{eg., 1,2, 3,4,5,6,7, 8, 9, or 10 or more GGSG sequences).

o some embodiments of any of the ACCs described herein, a linker includes any
one of or a combination of one or more of: GESGGSGGSGG (SEQ ID NO: 210), GGGS
(SEQ ID NO: 2), GGOSGGGS (SEQ IDNG: 211), GGGSGGGSGGES (SEQ ID NO:
2123, GGGGSGGGGESGGGES (SEQ 1D NO: 213),
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GGGGSGGEGSGGGGSGGGGEGEGEES (SEQ D NO: 214), GGGGSGGGES (SEQ
IDNG: 2153, GGGGS (SEQ ID NO: 216), GS, GGGGSGS (SEQ I NO: 217),
GGGGSGGGGRGGGGSGS (SEQ ID NO: 218), GGSLDPKGGGES (SEGQ ID NO:
219), PKSCDKTHTCPPCPAPELLG (SEQ 1D NO: 220), SKYGPPCPPCPAPEFLG
(SEG ID NO: 2213, GKSSGRGSESKES (SEQ D NG 222), GSTSGSGKSSEGKG (SEGQ
ID NO: 223), GSTSGSGKSSEGSGSTKG (SEQ [D NO: 224), and
GSTSGSGKPGSGEGRTKG (SEQ ID NO: 2253,

Non-limiting examples of linkers can include a sequence that is at least 70%
identical {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 9794, at least 98%, at least
99%, or 100% identical) to GGGY (SEQ 1D NO: 2}, GSSGGRGGSGG (SEQ 1D NO:
210y, GGGGSGGGGSGGGGS (SEQ ID NG: 213), GGGGSGS (SEQ IDNO: 217),
GGGGSGGGGSGGGERGS (REQ ID NO: 218), GGGGSGGGGIGGGESGGGES
(SEG ID NO: 214), GGSLDPKGGGGS (SEQ ID NO: 215), and
GSTSGSGKPGSSEGST (SEQ ID NG: 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 NGO 2173, GS, (GS)n, (GGS)n, (GSGGS)n (SEQ ID NO:
227y and (GGGS)n (SEQ ID NO: 228), GGSG (SEQ ID NO: 229), GGSGG (SEQ D
NQO: 2303, GSGSG (SEQ 1D NO: 231), GSGGG (SEGQ ID NQG: 2323, GGGSG (SEQ ID
WO 233), GSSSG (SEQ ID NG: 234), GGGGSGGGGIGGEGS (SEG D NG: 213),
GOGGSGGOGSGGGGRGGGGS (SEQ ID NG: 214), GSTRGSGEPGSSEGST (SEQ ID
NG 220), (GGGGE)n (SEQ I NG: 216), wherein n 15 an integer of at least one. In
some embodiments, the linker includes a sequence selected from the group consisting of:
GGSLDPKGGGGS (SEQ ID NO: 219), GGGGSGGGGSGGGGSGS (SEGQ ID NO:
218}, GGGGSGS (SEQ ID NG: 217), and GS. In some embodiments of any of the ACCs
described herein, the linker inchudes a sequence selected from the group of:
GGGGSGGGGSGGGES (SEQ 1D NO: 213), GGGGSGGGGSGGGGSGGGES (SEQ
I NO: 214), and GSTSGSGKPGSSEGST (SEQ 1D NGO: 226). In some embodiments of
any of the activatable cytokine constructs described herein, the linker includes a sequence
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selected from the group of: GGGGSGGGGSGGGGS (SEQ 1D NO: 213) or GGGGES
(SEQ ID NO: 216). In some embodiments, the linker comprises a sequence of GGGS
(SEQ 1D NO: 2).

In some embodiments, an ACC can include one, two, three, four, five, six, seven,
gight, nine, or ten linker sequence(s) {e.g., the same or different linker sequences of any
of the exemplary linker sequences described herein or known in the art). In some
embodiments, a linker comprises sulfo-SIARB, SMPB, and sulfo-SMPB, wherein the
linkers react with primary amines sulthydryls.

fn 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 least one activity of the CP1 and/or CPZ. In some embodiments,
a controd level can be the level of the activity for a recombinant CP1 and/or CP2 (e g, a
commercially available recombinant CP1 and/or CPZ2, a recombinant wildtype CP1
and/or CP2, and the fike). 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 fevel of the activity of a pegylated CP1 and/or CP2.

In some embodiments, the at least one activity is the binding aftinity (Ko) 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°C). In ceriain
embodiments, the at least one activity is the level of proliferation of lymphoma cells. In
other embodiments, the at least one activity is the level of JAK/STAT/ISGE3 pathway
activation in a lymphoma cell. In some embodiments, the at least one activity is a level
of SEAP production in a lympboma cell. In a further embodiment, the at least one
activity of the CP1 and/or CP2 is level of cytokine-stimulated gene induction using, for
example RNAseq methods (see, e.g, Zimmerer et al,, Clin. Cancer Res. 14(18):5900-
5906, 2008; Hitkens et al., J fmmunol 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 one
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
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is characterized by at least a 10-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 20-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
teast a 30-fold, 40-fold, 50-fold, 60-fold, 70-fold, 80-fold, ©0-fold, 100-fold, 500-fold, or
1000-fold reduction in at least one activity of the CP1 and/or CP2 as compared to the
control fevel of the at least one activity of the CP1 and/or CP2. In some embodiments,
ACC is characterized by at least a - to 20-fold reduction, a 200~ to 500-fold reduction, a
300- to 500-fold reduction, a 400~ to 500-fold reduction, a 500~ to 600-fold reduction, a
600- to 700-fold reduction, a 150- to 1000-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 1000-
fold reduction, a 200- to 1000-fold reduction, a 300- to 1000-fold reduction, a 400- to
1000-fold reduction, a 500- to 1000-fold reduction, a 100- to 500-fold reduction, a 20- to
50-fold reduction, a 30~ to 530-fold reduction, a 40- to SO-fold reduction, a 1060~ to 400-
fold reduction, a 200- to 400-fold reduction, or a 300- to 400-fold reduction | a 100- to
300-fold reduction, a 200- to 300-fold reduction, or a 100- to 200-fold reduction in at
least one activity of the CP1 and/or CP2 as compared to the conirol level of the at least
one activity of the CP1 and/or CP2.

In some embodiments, the control tevel 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 CM1 and CM2 by the 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 yields 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
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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, ong or more
activities of CP1 and/or CP2 of the activated cvtokine produci(s) is at least 5-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 feast
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 cytokine
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 1- to 20-fold greater, 2- to 20-fold greater, 3-to
20-fold greater, 4- to 20-fold greater, 5- to 20-fold greater, 10- to 20-fold greater, 15- to
20-fold greater, 1~ to 15-fold greater, 2- to 15-fold greater, 3- to 15-fold greater, 4-to 15~
foid greater, 5- to 15-fold greater, 10- to 15-fold greater, 1- to 10-fold greater, 2- to 10-
fold greater, 3- to 10-fold greater, 4- to 10-fold greater, 5- to 10-fold greater, 1- to 5-fold
greater, 2- to S-fold greater, 3~ to 5-fold greater, 4- to S-fold greater, 1- to 4-fold greater,
2- 10 4-fold greater, 3- to 4-told greater, 1- to 3-fold greater, 2- to 3-told greater, or I-to
2-fold greater 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 feast 96%, at least 98%, at least 99%, or 100%) identical to SEQ 1D NG 309 or
311, In some embodiments, an ACC can be encoded by a nucleic acid including a
sequence that is at least 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 least 98%, at least 99%, or
100%) identical to SEQ ID NO: 310 or 312, In some aspects, an ACC may include such
sequences but either without the signal sequences of those sequences. Signal sequences
are not particularly imited. Some non-limiting examples of signal sequences include,
e.g., residues 1-20 of SEQ I NG: 309 and corresponding residues and nucleotides in the
other sequences, or substituted with a signal sequence tfrom another species or cell line.
Other examples of signal sequences include MRAWIFFLLCLAGRALA (SEQ ID NO:
343y and MALTFALLVALLVLSCKSSCSVG (S8EQ ID NO: 344
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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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QNQALRMAGGSGGSLSGRSGNH (SEQ ID NO: 2733, and/or ISSGLLSGRSGNH
(SEQ ID NO: 274).

In some embodiments, the CM1 and/or the CM2Z comprise a sequence selected
from the group consisting oft SEQ ID NO: S through SEQ ID NG: 100, In some
embodiments, the CM comprises a sequence selected from the group of;
ISSGLLSGRSDNH (SEG ID NO: 28), LESGRSDDH (SEQ 1D NO: 33,
ISSGLLSGRSDQH (SEQ ID NO: 54), SGRSDNI (S8EQ ID NO: 100), and
ISSGLLSGRSDNI (SEG ID NO: 68).

o some aspects, the ACC includes a CP1 selected from SEQ ID Nos: 1 asd 101-
209, a CM1 selecied from SEQ 1D Nos: 5-100 and 263-308, and a DD dimerized with a
CP2 selected from SEQ 1D Nos: 1 and 101-209, a CM2 selected from SEQ ID Nos: 5-
100 and 263-308, and a DD2. In some aspects, the ACC may include, between CP1 and
CMI1 and/or between CM1 and DD, a linker selected from SEQ ID Nos: 2 and 216-234,
245, or 250, and between CP2 and CM2 and/or between CM2 and DD2, a hinker selected
from SEQ ID Nes: 2 and 210-234, 245, or 250. In some embodiments, the ACC includes
a DD and/or a DD2 that has an amino acid sequence that is at feast 80% identical (e g.,
at least 82%, at least 84%, at least 85%, at least 86%, at least 88%, at least 90%, at least
02%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or
100% tdentical} to SEQ 1D NO: 3 or SEQ ID NO: 4. In some embodiments, the ACC
includes a DD 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 86%, at feast 88%, at least 90%, at least
02%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%%, at least 99%, or
100% identical) to SEQ 13 NO: 315 or SEQ 1D NO: 316, In some embodiments, the
ACC includes a DD?2 that has an amino acid sequence that is at least 80% identical {e.g,,
at least 82%, at least 84%, ai least 85%, at least 86%, at least 88%, at least 90%, at least
02%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or

100% identical)} to SEQ ID NO: 315 or SEQ D NO: 3146,

Conjugation to Agents
This disclosure also provides methods and materials for tncluding additional

elements in any of the ACCs described herein including, for example, a targeting moiety
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to facilitate delivery to a cell or tissue of interest, an agent {e.g., a 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 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 isotope. In some embodiments 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 isotope.

Won-limiting exemplary cytotoxic agents that can be conjugated to any of the
ACCs described herein include: dolastatins and derivatives thereof (e g, auristatin E,
AFP, monomethyl auristatin D (MMAD), monomethy! auristatin F (MMAF),
monomethyl auristatin E (MMAE), desmethyl auristatin E (DMAE), aunistatin F,
desmethyl auristatin F (DMAF), dolastatin 16 (Bml), 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 $, 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
(££-PE38) variant, ZJ-101, anthracycline, doxorubicin, daunorubicin, bryostatin,
camptothecin, 7-substituted campothecin, 19, 11-diflucromethylenedioxycamptothecin,
combretastating, debromoaplysiatoxin, KahaMide-F, discodermolide, and Ecteinascidins.

Non-Himiting exemplary enzymatically active toxins that can be conjugated to any
of the ACCs described herein include: diphtheria toxin, exotoxin A chain from
Pseudomonas geruginosa, ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleuriies jordii proteins, dianfhin proteins, Phyfoiaca Americana proteins (e.g., PAPL
PAPH, and PAP-8), momordica charantia inhibitor, curcin, crotirs, sapaonaria officinalis
inhibitor, geionin, mitogeliin, restrictocin, phenomycin, neomycin, and tricothecenes.

Non-limiting exeraplary anti-neoplastics that can be conjugated to any of the

ACCs described herein include: adriamycin, cerubidine, bleomycin, alkeran, velban,
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oncovin, flucrouracil, methotrexate, thiotepa, bisantrene, novantrone, thioguanine,
procarabizine, and cytarabine.

Non-fimiting exemplary antivirals that can be conjugated to any of the ACCs
described herein include: acvclovir, vira A, and symmetrel.

Won-limiting exemplary antifungals that can be conjugated to any of the ACCs
described herein include: nystatin.

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

Won-limiting 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-timiting exemplary 3beta, 16beta, | 7alpha-trihydroxycholest-S-en-22-one 16-
0-(2-0O-4-methoxybenzoyl-beta-D-xvlopyranosyl }-(1-->3}(2-0-acetyi-alpha-L-
arabinopyranoside} (OSW-1) that can be conjugated to any of the activatable cytokine
constructs described herein wnclude: s-nitrobenzyloxycarbony! derivatives of 06~
benzylguanine, toposisomerase inhibitors, hemiasterlin, cephalotaxine,
homoharringionine, pyrrol obenzodiazepine dirers (PBDs), functionalized
pyrrolobenzodiazepenes, calcicheamicins, podophyviitoxins, taxanes, and vinca alkoids.

Non-limiting exemplary radiopharmaceuticals that can be conjugated to any of the
activatable cytokine constructs described herein include: 191, ¥7r, 151 ¥ YmTe, 0471,
02Cy, BF, %%Ga, PN, PO, K, YRb, Hn, P Xe, 'C, and PmTe (Technetium).

Non-Hmiting exemplary heavy metals that can be conjugated to any of the ACCs
described herein include: barium, gold, and platinum.

Non-limiting exerplary anti-mycoplasmals that can be conjugated to any of the
ACCs described herein 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 their respective activities. Conjugation can
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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 cyiokine constructs described herein. For example, conjugation can
include organic compounds, such as thioesters, carbodiimides, succinimide esters,
glutaraldehvde, diazobenzenes, and hexamethylene diamines. In some embodiments, the
activatable cytokine 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 tn 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 i3 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.,
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 coniugate 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 is released slowly at the target site.
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In some embodiments of any of the ACCs described herein, the conjugate and/or
agent is 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 is attached to an antigen-binding domain either directly or via a non-cleavable
linker. Exemplary non-cleavable linkers include amino acids (e.g., D-amino acids},
peptides, or other organic compounds that may be modified to include functional groups
that can subsequently be utilized in attachment to antigen-binding domains by methods
described herein.

o some embodiments of any of the ACCs described herein, an ACC includes at
least one peint of conjugation for an agent. In some ermnbodiments, 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, sulfur atoms involved 1o interchain disulfide bonds, sulfur atoms involved in
interchain sulfide bonds but not suifur atoms involved in intrachain disulfide bonds,,
and/or sulfur atoms of cysteine or other amino 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 Himitation, 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
modified to include one or more interchain disulfide bonds. For example, disuifide bonds
in the ACC can undergo reduction following exposure to a reducing agent such as,
without Himitation, TCEP, DTT, or B-mercaptoethanol. In some cases, the reduction of
the disuifide bonds is only partial. Asused herein, the term partial reduction refers to
situations where an ACC is contacted with a reducing agent and a fraction of alf possible
sites of conjugation undergo reduction {e.g., not all disulfide bonds are reduced). In some
embodiments, an activatable cytokine construct 18 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
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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 also provides methods and materials for conjugating a therapeutic
agent to a particular location on an ACC. In some embodiments 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 manver 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,
fength of incubation, incubation temperature, and/or pH of the reducing reaction solution
can require 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.g., 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
of possibie 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
1:1, 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 1.1, from about 5:1 to 1:1, from about 4:1 to 1.1, from about 3:1
to 1:1, from about 2:1 to 1.1, from about 20:1 to 1:1.5, from about 10:1to 1:1.5, from
about 9:1to 1:1.5, from about 8:1 to 1:1.5, from about 7:1 to 1: 1.5, from about 6.1 {0
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 1n a range of from about 5:1 to 1:1. 1n some embodiments, the
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ratio is in a range of from about 5:1 to 1.5:1. In some embodiments, the ratio isina
range of from about 4:1 to 11 In some embodiments, the ratio is in a range from about
4:1to 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: L.

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 an 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 least partially reduces the ACC in a manner that allows
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 thiols, the
agent can conjugate fo the interchain thiols in the ACC. An agent can be modified in a
manner to include thicls using a thicl-containing reagent {e.g., cysteine or N-acetyl
cysteine). For example, the ACC can be partially reduced following incubation with

197

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 {east two interchain disulfide bonds located in the ACC in a manner that
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 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 and
reduces at least ong interchain disulfide bond.

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 agentisa

therapeutic agent.
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In some embodiments, the agent {¢.g., agent conjugated to an activatable cytokine
construct} 18 a detectable motety such as, for example, a label or other marker. For
example, the agent is or includes a radiolabeled amino 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 carbohydraie moiety,
sultthydryl group, amino group, or carboxylate group.

In some embodiments of any of the ACCs described herein conjugated to an
agent, the agent {e.g., cytotoxic agent conjugated to an activatable cytokine construct) is
conjugated to the ACC via a hinker and/or a CM (also referred to as a cleavable
sequence}. In some embodiments, the agent {e.g., cytotoxic agent conjugated to an
activatable cytokine 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 another residue of the ACC, such as those residues disclosed
herein. In some embodiments, the linker is a thiol-containing linker. In some
embodiments, the linker is a non-cleavable linker. Some non-limiting examples of

cleavable moieties and linkers are provided in Table 1.

Table 1.
Types of CMs Amino Acid Sequence
Plasmin CMs
Pro-urckinase PRFKIIGG (SEQ ID NO: 280)
PRFRHGG (SEQ 1D NG: 281)
TGFp SSRHRRALD (SEQ ID NO: 282)
Plasminogen RKSSHRMRDVVL (SEQ 1D NO: 2833
Staphylokinase SSSFDKGKYKKGDDA (SEGQ 1D NOG: 284)

SSSFDKGKYKRGDDA (SEQ 1D NO: 285)



WO 2021/207669

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 (o 1(3I) chain)
Human oM

Human PZP

Rat cuM

Rat coM

Rat aad5(2])

Rat a:13(271}

Human fibroblast collagenase

{autolviic cleavages)

PCT/US2021/026675

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

PLGLWA (SEQ ID NOG: 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 (S8EQ ID NO: 302)
SAPAVESE (SEQ ID NO: 303)
DVAQFVLT (SEQ ID NO: 304)
VAQFVLT (SEQ ID NO: 305)
VAQFVLTE (SEQ ID NO: 306)
AQFVLTEG (SEQ ID NO: 307)
PVQPIGPQ (SEQ ID NO: 308)

Those of ordinary skill in the art will recognize that a farge variety of possible

moieties can be coupled 1o the ACCs of the disclosure. (See, for example, “Conjugate

Vaccines”, Contributions to Microbiclogy and Immunelogy, 1. M. Cruse and R E.

Lewis, It {eds), Carger Press, New York, (1989), the entire contents of which are
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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 agenis can be used to conjugate the agent to the ACC
including, without limitation, N-succinimidyl-3-(2-pyridyldithiol} propionate (SPDP),
iminothiolane (IT), bifunctional derivatives of imidoesters (e g, dimethy] adipimidate
HCL}Y, active esters {e.g., disuccinimidy! suberate}, aldehydes (e.g., glutareldehyde)}, bis-
azido compounds {(e.g., bis {p-azidobenzoyl} hexanediarine), bis-diazonmum 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, eg., W(094/11026).

Suitable linkers and CMs are described in the hiterature. (See, for 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~
succimmidyloxycarbonyl-alpha-methyl-alpha~(2-pridyi-dithio)-toluene (Pierce Chem.
Co., Cat. (21558, (111} SPDP (succinimidyl-6 [3-(2-pyridyldithio} propionamido]
hexanoate (Pierce Chem. Co., Cat #21651G); (iv) Sulfo-LC-SPDP (sulfosuccinimidyl 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 CMs and linkers 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
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aromatic carboxylates. NHS-ester containing linkers are less solubie than sulfo-NHS
esters. Further, the linker SMPT contains a sterically-hindered disulfide bond, and can
form conjugates with increased stabifity. Disulfide linkages, are in general, less stable
than other linkages because the disulfide linkage 1s cleaved in vifro, resulting in less
conjugate available. Sulfo-WHS, in pariicular, can enhance the stability of carbodimide
couplings. Carbodimide couplings (such as EDC) when used in conjunction with sulfo-
NHS, forms esters that are more resistant to hydrolysis 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 specitic 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 acd residue at positions on the first monorer,
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
modified 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.

Nucleic Acids

Provided herein are nucleic acids including sequences that encode the first
monomer construct {or the protein portion 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
construcis described herein) of any of the ACCs described herein. In some embodiments,
a pair of nucleic acids together encode the first monomer construct (or the protein portion
of the first monomer construct) and the second monomer coustruct (or the protein portion
of the second monomer construct). In some embodiments, the nucleic acid sequence
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encoding the first monomer construct {or the protein portion of the first monomer
construct} 18 at least 70% wdentical {e.g., at least 72% identical, at least 74% identical, at
least 76% identical, at feast 78% identical, at least 80% identical, at {east 82% identical,
at teast 84 % identical, at least 86% identical, at least 88%4 identical, at least 20%
identical, at least 92% identical, at least 94% identical, at least 96% identical, at least
98% 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 CP1 and CM1 moieties. In
some embodiments, the nucleic acid encoding the protein portion of a second monomer
encodes a polypeptide comprising the CP2 and CUM2 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 DD1 and D2 moieties, respectively (in a 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 construct encodes a polypeptide comprising the D2

moiety.

Veetors

Provided heretn are vectors and sets of vectors including any of the nucleic acids
described herein. One skilled in the art will be capable 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
exarmple, 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) ina cell {e.g.,

~f

75



10

15

20

25

30

WO 2021/207669 PCT/US2021/026675

any of the cells described herein). A “vector” is able to deliver nucleic acids and
fragments thereof into a host cell, and includes regulatory sequences {(e.g., promoter,
enhancer, poly(A} signal). Exogenous polynucleotides may be inseried 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 include 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., Sambrock et al., Eds. “Molecular Cloning: A Laboratory
Manual,” 2% Ed., Cold Spring Harbor Press, 1989 and Ausubel et al,, Eds. “Current
Protocols in Molecular Biclogy,” Current Protocols, 1993,

Non-limiting exaraples of vectors include plasmids, transposons, cosmids, and
viral vectors (e.g., any adenoviral vectors {e.g., pSV or pCMV vectors), adeno-associated
virus {AAV) vectors, lentivirus vectors, and retroviral vectors), and any Gateway®
vectors. A vector can, for example, include sufficient cis-acting elernents for expression,
other elements for expression can be supplied by the host mammalian cell or in an in
vitro expression system. Skilled practitioners will be capable of selecting suitable vectors
and mammalian cells for making any of the ACCs described herein.

o some embodiments of any of the ACCs described herein, the ACC may be
made biosynthetically using recombinant DNA techunology and expression in eukaryotic
or prokaryotic species.

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 vecior 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 embaodiments, the pair of vectors is a pair of expression

veCiors.

Cells
Also provided herein are host cells including any of the vector or sets of vectors
described herein including any of the nucleic acids described herein.
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Any of the ACCs described herein can be produced by any cell (e g, a
mammalian cell}. In some embodiments, a host cell is a mammalian cell {e.g., a human
cell}, a rodent cell (e.g., a mouse cell, a rat cell, a hamster cell, or a guinea pig cell}, ora
non-human 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, transfection, calcium phosphate transfection, cationic polymer transfection,
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) including a nucleic
actd encoding the monomers that make up any of the ACCs described herein.

fn some embodiments of any of the methods described herein, the cell canbe a
eukaryotic cell. As used herein, the term “eukaryotic cell” refers to a cell having a
distinct, membrane-bound nucleus. Such celis 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 cerevisice. In
some embodiments, the eukaryotic cell is a higher eukaryote, such as mammalian, avian,
plant, or insect cells. Non-limiting exarmples of mammalian cells include Chinese
hamster ovary (CHQO) cells and human embryonic kidaey cells {e.g., HEK293 cells}.

In some embodiments, the cell contains the nucleic acid encoding the first
monoret and the second monomer of any one of the ACCs described berein. In 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 Constructs

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 hiquid
culture medium under conditions sufficient to produce the ACC; and (b) recovering the

ACC from the host cell and/or the hiquid culture medium.
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Methods of culturing cells are well known in the art. Cells can be maintained i
vitro under conditions that favor cell proliferation, cell differentiation and cell growth.
For example, celis can be cultured by contacting a cell (e.g., any of the cells described
herein) with a cell culture medium that includes the necessary growth factors and
supplements sufficient to support cell viability and growth.

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, polyethylene 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 and the CM1, and a protein portion of a second monomer
construct that includes the CP2 and the CM2, and then the protein portions are
subsequently conjugated to the BD1 and DD2 moteties, 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.

o some embodiments of any of the methods described herein, the method further
includes formulating the isolated ACC into a pharmaceutical composition. Various
formulations are known in the art and are described herein. Any of the isolated ACCs
described herein can be formulated for any route of administration {(e.g., intravenous,
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.



10

15

20

25

30

WO 2021/207669 PCT/US2021/026675

Methods of Treatment

Provided herein are methods of treating a disease {e.g., a cancer {e.g., any of the
cancers described herein)) in a subject including adminisiering 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,
a pig, arodent {e.g., a mouse, a rat, a2 hamster or a guinea pig), a non-human primate
{e.g., asimian {e.g., a monkey {e.g, a baboon, a marmoset), oran ape (e.g, a
chimpanzee, a gorilla, an orangutan, or a gibbon)}), or a human. In some ervbodiments,
the subject is a human.

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

As used herein, the term “treat” includes reducing the severity, frequency or the
nurnber of one or more {e.g, 1, 2, 3, 4, or S} 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 some embodiments where the disease is cancer, treating results in
reducing cancer growth, inhibiting cancer progression, inhibiting cancer metastasis, or
reducing the risk of cancer recurrence in a subject having cancer,

In some embodiments of any of the methods described herein, the disease is a
cancer. Also provided herein are methods of treating a subject in need thereof (e.g., any
of the exemplary subjects described herein or known in the ast) that include administering
to the subject a therapeutically effective amount of any of the ACCs described herein or
any of the composiiions {e.g., pbarmaceutical 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 tnclude: solid tumor,
hematological tumor, sarcoma, ostecsarcoma, glioblastoma, neuroblastoma, melanoma,
rhabdomyosarcoma, Ewing sarcoma, osteosarcoma, B-cell neoplasms, multiple myeloma,
a lymphoma {e.g., B-cell lymphoma, B-cell non-Hodgkin's lymphoma, Hodgkin’s
lymphoma, cutaneous T-cell Ivrnphoma), a leukemia {e.g , hairy cell leukemia, chronic
lymphocytic feukemia (CLL), acute myeloid leukemia {(AML), chronic myeloid leukemia
{CML}, acute lymphocytic leukemia (ALL)), myelodysplastic syndromes (MDS), Kaposi

~f
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sarcoma, retinoblastoma, stomach cancer, urothelial carcinoma, lung cancer, renal cell
carcinoma, gastric and esophageal cancer, pancreatic cancer, prostate cancer, brain
cancer, colon cancer, bone cancer, lung cancer, breast cancer, 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 canceris a
lymphoma. 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 Fraument Syndrome, Familial Breast-Ovarian Cancer (BRCAT 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., renal, urothelial,
or testicular tumors) tracts, pharynx, prostate, and ovary. Exemplary adenocarcinomas
include colorectal cancers, renal-cell carcinoma, liver cancer, non-small cell carcinoma of
the tung, and cancer of the small intestine.

Bxemplary cancers described by the National Cancer Institute include: Acute
Lymphoblastic Levkemia, Adult; Acute Lyrmphoblastic Leukemia, Childhood; Acute
Myeloid Leukemia, Adult; Adrenocortical Carcinoma; Adrenocortical Carcinoma,
Childhood; AIDS-Related Lymphoma; AIDS-Related Malignancies; Anal Cancer;
Astrocytoma, Childhood Cerebellar; Astrocytoma, Childhood Cerebral; Bile
Duct Cancer, Extrahepatic; Bladder Cancer; Bladder Cancer, Childhood; Bone Cancer,
Osteosarcoma/Malignant Fibrous Histiocytoma; 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, Meduliobliastoma,
Childhood; Brain Tumor, Supratentorial Primitive Neuroectodermal Tumors, Childhood,
Brain Tumor, Visual Pathway and Hypothalamic Glioma, Childhood; Brain Tumor,
Childhood (Other); Breast Cancer; Breast Cancer and Pregnancy; Breast Cancer,
Childhood; Breast Cancer, Male; Bronchial Adenomas/Carcinoids, Childhood, Carcinoid

Tumor, Childhood; Carcinoid Tumor, Gastrointestinal; Carcinoma, Adrenocortical;
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Carcinoma, Islet Cell; Carcinoma of Unknown Primary; Central Nervous System
Lymphoma, Primary; Cerebellar Astrocytoma, Childhood; Cerebral
Astrocytoma/Malignant Glioma, Childhood; 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 Cavcer, Ovarian; Esophageal Cancer;
Esophageal Cancer, Chiidhood; Ewing's Family of Tumors; Extracranial Germ Cell
Tumor, Chitdhood, Extragonadal Germ Cell Tumor, Extrahepatic Bile Duct Cancer,;
Eve Cancer, Intraocular Melanoma; Eve Cancer, Retincblastoma, Gallbladder Cancer;
Gastric (Stomach) Cancer; Gastric {Stomach) Cancer, Childhood; Gastrointestinal
Carcinoid Tumor;, Germ Cell Tumor, Extracranial, Childhood; Germ Cell Tumor,
Extragonadal; Germ Cell Tumor, Ovarian, Gestational Trophoblastic Tumor; Glioma,
Childbhood Brain Stem; Glioma, Childhood Visual Pathway and Hypothalamic; Hauy
Cell Leukemia; Head and Neck Cancer;, Hepatoceliular (Liver) Cancer, Adult (Primary);
Hepatocellular (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,
intraccular Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); Kaposi's Sarcoma,
Kidney Cancer, Laryngeal Cancer; Laryngeal Cancer, Childhood; Leukemia, Acute
Lymphoblastic, Adult, Leukemia, Acute Lymphoblastic, Childhood; Leukemia, Acute
Myeloid, Adult; Leukemia, Acute Myeloid, Childhood; Leukemia, Chronic
Lymphocytic; Leukernia, 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, Smali Cell; Lymphoblastic Leukemia,
Adult Acute; Lymphoblastic Leukemia, Childhood Acute; Lymphocytic Leukemia,
Chronic, Lymphoma, AIDS-Related, Lymphoma, Central Nervous System (Primary);
Lymphoma, Cutaneous T-Cell; Lymphoma, Hodgkin's, Adult; Lymphoma, Hodgkin's,
Childhood; Lymphoma, Hodgkin's During Pregnancy; Lymphoma, Non-Hodgkin's,
Adult; Lymphoma, Non-Hodgkin's, Childhood; Lymphoma, Non-Hodgkin's Dhiring
Pregnancy; Lymphoma, Primary Central Nervous System; Macroglobulinemia,
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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; Muitiple 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; Noon-Hodgkin's Lymphoma, Adult; Non-Hodgkin's
Lymphoma, Childhood; Non-Hodgkin's Lymphoma During Pregnancy; Non-Small Cell
Lung Cancer; Oral Cancer, Childhood; Oral Cavity and Lip Cancer;

COropharyngeal Cancer; Osteosarcoma/Malignant Fibrous Histicecytoma of Bone;
Ovarian Cancer, Childhood, Ovarian Epithelial Cancer; Ovarian Germ Cell Tumor;
Ovarian 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 Neuroectodermal Tumors, Childhood; Pituitary Tumor; Plasma Celi
Neoplasnm/Multiple Myeloma, Pleuropulmonary Blastoma; Pregnancy and Breast Cancer,
Pregnancy and Hodgkin's Lymphoma, Pregnancy and Non-Hodgkin's Lymphoma;
Primary Central Nervous System Lymphoma; Prirmary Liver Cancer, Adult; Primary
Liver Cancer, Childhood; Prostate Cancer;, Rectal Cancer; Renal Cell (Kidney) Cancer;
Renal Cell Cancer, Childhood; Renal Pelvis and Ureter, Transitional Celi Cancer;
Retinoblastoma, 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, Merke! Cell; Small Cell Lung Cancer; Small
Intestine Cancer; Soft Tissue Sarcoma, Adult; Soft Tissue Sarcoma, Childhood;
Sguamous Neck Cancer with Occult Primary, Metastatic; Stomach (Gastric) Cancer;
Stomach (Gastric) Cancer, Childhood; Supratentorial Primitive Neuroectodermal
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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 globulinemia; and Wilms' Tumor.

Further exemplary cancers include ditfuse large B-cell lymphoma (DLBCL) and
mantle cell lymphorma (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

Antibody Trade Name {antibody name) Target
Raptiva™ (efalizumab) CDlla
Arzerra™ (ofatumumab) D20
Bexxar™ (fositumomab) D20
Gazyva™ (obinutuzumab) CD20
Ocrevus™ (ocrelizumab ) D20
Rituxan™ {(rituximab) CD20
Zevalin™ {ibritumomab tiuxetan) D20
Adcetris™ (brentuximab vedotin} CD30
Myelotarg™ {gemtuzumab) CD33
Mylotarg™ {gemtuzumab ozogamicin} D33
{vadastuximab) D33
{vadastuximab talirine) D33
Campath™ (alemtuzurnab) CDs2
Lemirada™ (alemtuzumab) D52
Tactress™ (tamtuvetmab) CD52
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Soliris™ {eculizumab)

Complement C5

Ultomiris™ ¢ravulizumab)

Complement CS

{olendalizumab)

Complement C5

Yervoy ™ (ipilimumab) CTLA-4
{tremelimumab) CTLA-4
Orencia™ (abatacept) CTLA-4
Hub5¢8 Ch40L
{letolizumab) CD40L
Rexomun™ {ertumaxomab) CD3/Her2
Erbitux™ {cetuximab) EGFR
Portrazea™ (necitumumab) HEGFR
Vectibix™ (panttumumab ) HGEFR
CHRO06 BEGER
{depatuxizumab) HGFR
{depatuxizumab mafodotin} HGFR
{futuximab:modotuximab) EGFR
ICR62 (imgatuzumab) EGFR
{laprituximab) HGFR
(losatuxizumab) EGFR
{losatuxizumab vedotin) EGFR
mAb 528 HGFR
{rmatuzumab) HGFR
{nimotuzumab} HGFR
{tomuzotuximab) BEGER
{zalutumumab) EGFR
MDX-447 EGFR/CD64
{adecatumumab) EpCAM
Panorex™ (edrecolomab) EpCAM
Vicinium™ HpCAM

Synagig™ (palivizumab)

F protein of RSY

ReoPro™ (sbiciximab)

Glycoprotein receptor lb/ia

Herceptin™ (trastuzumab)

Her2

Herceptin™ Hylecta (tfrastuzumal; Her?2
Hyaluronidase)

{irastuzumab deruxtecan) Her2
{hertuzumab verdotin Hei?2
Kadeyla™ (trastuzumab emtansine) Her2
{margetuximab} Her2
{timigutuzumab) Her2
Xolair™ {omalizumab) Igk
(ligelizumab) igE
{(figiturumab) IGFIR
{teprotumumab) IGFIR
Simulect™ (basiliximab) 2R
Zenapax™ (daclizumab) IL2R
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Zinbryta™ (dachizumab)

IL2R

Actemra™ (tocilizumab)

1L-6 recepior

Kevzara™ (sarilumab)

1L.-6 receptor

{vobarilizumalb}

IL-6 receptor

Stelara™ {ustekinumab)

H~12/8.-23

Tysabri™ (natalizumab) Integrinud
{abrilumab} Integrinod
Jagged 1 or Jagped 2
{fasinumab) NGF
{fulranumab) NGF
{tanezumab) NGF
Notch, e.g., Notch 1
Pidilizumab Delta like-1 (PD-1 pathway
inhibitor)
Opdivo® {nivolumab) PD1
Keytruda® (pembrolizumab) P
Libtayo® {cemiplimab) PR
BGB-A317 (tslelizumab) PD1
PDROC {spartalizumab) PD1
INJ-63723283 (cetrelimab) PO
TSRO42 (dostarlimab) PD1
AGEN2034 (balstilimab) PR
JS001 (toripalimab) PD1
IOBI308 (sintilimab) PD1
BCDI100 {prolgolimab) PD1
CBT-501 (genolimzumab PD1
ABBV18] (budigalimab) P
AK105 PD1
B1-754091 P}
INCSHR-1210 PD1
MEDIOG80 PD
MGAOI2 PD1
SHR-1210 DI
Tnfinzi™ {(durvalumab) PD-L1
Tecentrig® {atezolizumab) PD-L1
Bavencio® {avelumab) PD-L1
KNO35 {envafolimab) PD-L1
BMS936559 (MDX1105) P-L
BGBA 333 PD-L1
FAZ0S53 PD-L1
LY-3300054 PD-L1
SH-1316 PD-L1
AMP-224 PD-L2
{bavituximab) Phosphatidylserine
hul591 PSMA
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RAVI2 RAAGIZ
Prolia™ {denosumab) RANKL
GC 1008 (fresolimumab) TGFbeta
Cimzia™ (Certolizumab Pegol) TNFo
Remicade™ (ufliximab) TNFg
Humira™ {adalimumab) TNFa
Simponi*™ {golimumab} TiNFa
Enbrel™ (etanercept} TNF-R
{mapatumumab) TRAIL-RI
Avastin™ (bevacizumab) VEGF
Lucentis™ (ranibizumab) VEGE
{brolucizumab) VEGF
{vanucizumab) VEGE

Compeositions/Kits

Also provided herein are compositions (e.g., pharmaceutical compositions)
including any of the ACCs described herein and one or more {e.g.,, 1,2, 3, 4, or 5)
pharmaceutically acceptable carriers {(e.g., any of the pharmaceutically acceptable carriers
described herein), diluents, or excipients.

In 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
SYringe.

In some embodiments, the compositions {e.g. pharmaceutical compositions) that
include any of the ACCs described herein can be formulated for different routes of
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 , glycine), 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 carrier (e.g, bacteriostatic water, PBS, or saline).

As used herein, the phrase “pharmaceutically acceptable carrier” refers to any and
all solvents, dispersion media, coatings, autibacterial agents, antimicrobial agents,
isotoni¢ and absorption delaying agents, and the like, compatible with pharmaceutical
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administration. Suitable carriers include, but are not limited to: 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., sthylene vinyl acetate, polyanhydrides,
polygiveolic acid, collage, polyorthoesters, and polylactic acid. Methods for preparation
of such pharmaceutical compositions and formulations are apparent to those skilled in the
art.

Also provided heretn are kits that include any of the ACCs described herein, any
of the compeositions 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 tnstructions for performing any of the
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.

EXAMPLES
The invention is further described in the following examples, which do not limit
the scope of the invention described in the claims.

Example 1: Production of Activatable Cytokine Constructs
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Activatable cytokine construct IFN-a2b-1204DNIdi-higG4 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 Figure 3 (SEQ
1D NO:309). Each of the 1% and 2° monomer constructs comprises, from N-terminus to
C-terminus, a signal sequence from a mouse Ig(s kappa signal sequence (residues 1-20 of
SEG ID NO:309), a mature cytokine protein that corresponds to human interferon alpha-
2b (SEQ 13 NO: 1), a cleavable moiety having the amino acid sequence of SEQ ID
NG:99, a linker having the amino acid sequence, GGGS (SEQ ID NO:2), and 2 DD
corresponding to human IgG Fe (SEQ 1B NG:4). The polypeptide was prepared by
transforming a host cell with a polynucleotide having the sequence of SEQ 1D N(O: 310,
followed by cultivation of the resulting recombinant host cells. Dimerization of the
resulting expressed polypeptides vielded activatable cytoking construct, IFN-02b
1204DNId] higG4.

Activatable cytokine construct TFN-g-2b 1490DNI-hig(G4 was also prepared by
recombinant methods. The 1% and 2™ monomer constructs of this ACC were also
identical, with each being a polypeptide having the amino acid sequence shown in Figure
4 (SEQ 1D NO:311). Each of the 1¥ and 2™ monomer constructs of this ACC comprises,
from N-terminus to C-terminus, a signal sequence from a mouse IgG kappa signal
sequence {residues 1-20 of SEQ 13 N(O:309}, 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 1D NO168, a linker having the amino acid sequence, GGGS (SEQ IR
NO:2), and a DD corresponding to human IgG Fe (SEQ ID NO:4). The polypeptide was
prepared by transforming a host cell with a polynucleotide having the sequence of SEQ
ID NO: 312, followed by cultivation of the resulting recombinant host cells.
Dimerization of the resulting expressed polypeptides yielded activatable cvtokine
construct, IFN-02b 12044l higG4.

Additional activatable cvtokine constructs were prepared that included an
additional five amino acid residues in the linkers.

Hlectrophoresis was performed on the activatable cytokine constructs and
protease-treated activatable cytokine constructs. Figure 6 depicts the gel, which shows
the results for (from left to right): (1) ACC IFN-02b-1204DNIdl-higG4 ("1204"); (2)
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MT-5P1-treated IFIN-02b-1204DNIdl-higG4 ("1204 MT-SP1"y, (3) uPA-treated IFN-
a2b-1204DNIdl-higG4 (71204 uPA"); (4) IFN-02b-1204DNIdl-hIgG4 with five amino
actd residues added to the linker ("1204+1"}; (5) MT-SP1-treated IFN-02b-1204DNIdl-
higG4 ("1204+1 MT-SP1"); (6) uPA-treated IFN-02b-1204DNIdl-hlgG4 ("1204+1
uPA"Y; (7)) IFN-g-2b 1490DN1-higG4 ("1490"); (8) MT-8P1-treated IFN-o-2b 1490DNI-
hlgG4 ("1490 MT-SP1"); and (9) uPA-treated IFN-g-2b 1490DNI-higG4 ("1490 uPA").
The results suggest that the proteases were effective at cleaving the cleavable moieties in

the activatable cytokine constructs.

Example 2. [FN-alpha-2b Activity of Activatable Cytokine Constructs

A cell-based reporter assay for human type [ interferons was used to test the
activity of the ACCs described in Example 1.

IFN-responsive HEK293 cells were generated by stable transfection with the
buran STAT2 and IRF9 genes to obtain a fully active type T IFN signaling pathway.
The cells also feature an inducible SEAP (secreted embryonic atkaline phosphatase)
reporter gene under the control of the IFNe/B inducible ISGS4 promoter. To maintain
transgene expression, cells were cultured in DMEM GlutaMax media supplemented with
10% FBS, Pen/Strep, 30 pg/mb of blasticidin, 100 pg/ml of zeocin and 100 pg/mlL of
normocin. The addition of type I IFN 1o these cells activates the JAK/STAT/ISGE3
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. Using this reporter assay, the activity of IFNa-2b containing ACCs
was compared to the activity of Sylatron® (Peginterferon alfa-2h). The data in Figure 7
show that IFNa-2b activity of the ACCs was significantly reduced as compared to the
1FN@-2b activity of Sylatron™ (Peginterferon alfa-2b).

Furthermore, the data in Figures 8A and 88 show that the activity of the
(uncleaved) ACCs could be modulated by varying the length of the linker or Linking
Region. The data in Figure 8A-8B show the results of 1FNa-2b-hlg(G4 Fe fusion
constructs with varying linker lengths, or without a linker between the IFNa-2b and the
hlg(G4 Fc as tested 1n the HEK293 reporter assay. The fusion proteins tested in this
experiment include, in an N- to C-terminal direction, the mature IFNalpha-2b cvtokine
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sequence, an optional linker and/or cleavable moiety, and the Fc domain of human 1gG4
of SEQ ID NO: 4 {including the full hinge region such that the N-terminus of the Fc
sequence begins with the amino acid seguence ESKYGPPCPPC. ). The first construct
{Linking Region = 7} has no linker or cleavable moiety; its sequence in the N-to C-
terminal direction consists of SEQ 1D NO: 1 fused to SEQ 1D NG 4. The second
construct {(Linking Region = 12) has a 5 amino acid linker SGGGG (SEQ 1D NO: 335);
its sequence in the N- to C-terminal direction ¢onsists of SEQ ID NO: 1 fused to SEQ ID
NQO: 335 fused to SEQ 1D NO: 4. The third construct (Linking Region = 18) includesa 7
amino acid CM (SGRSDNI} and a 4 amino acid linker GGGS; its sequence in the N-to
C-terminal direction consists of SEQ 1D NO: 1 fused to SEQ 1D NO: 100 fused to SEQ
ID 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 ID NG | fused to SEQ ID NO: 335 fused to
SEQ ID NG: 100 fused to SEQ 1D NO: 2 fused to SEQ 1D NO: 4. The fifth construct
{Linking Region = 24) includes a 13 amino acid CM (ISSGLLSGRSDNI) and a 4 aming
acid Hinker, its sequence in the N- to C-terminal direction consists of SEQ 1D NO: 1 fused
to SEQ 1D NO: 68 fused to SEQ 1D NO: 2 fused t0 SEQ ID NO: 4.
EXAMPLE 3: In Vitro Anti-Proliferative Effect of ACCs on Cancer Cells

The anti-proliferative effects of IFNw-2b and FNa-2b-containing ACCs were
tested in vitro using Daudi cells, a cell line of human B-cell lymphoblastic origin. Daudi
cells were prepared at a concentration of 2x10° cells/mL in RPMI-1640 media
supplemented with 10% FBS and SO uL aliquots were pipetted into wells of a white flat-
bottom 96-well plate (10K/well). The tested ACCs or controls were diluted in RPMI
1640 media supplemented with 10% FBS. Duplicate five-fold serial dilutions were
generated from which 50 pl. 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 yb of cell-titer go was directly
added to the plates which were then placed on an orbital shaker for 10 minutes.
Following this incubation, the luminescent signal was directly measured using an
Envision plate reader. Dose-response curves were generated and ECS0 values were

obtained by sigmoidal fit non-linear regression using Graph Pad Prism software. Specific
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activities were determined by comparison of EC50 values with recombinant IFNa2b or
pharmaceutical-grade Sylatron® (Peginterferon alta-2b).

The anti-proliferative activity of IFNw-2b-containing ACCs 1n Daudi lymphoma
cells indicated that the IFNeo-2b activity of the uncleaved ACCs was decreased compared
to Sylatron® (Peginterferon alfa-2b) (FIG. 9).

The data in FIGs. 10A-108 also shows that the activity of the (uncleaved) ACCs
could be modulated by varying the length of the linker. The anti-proliferative effects of
IFNa-2b-hig(G4 Fe fusion protein constructs with varying linker lengths or without a
linker between the [FNa-2b and the hlg(G4 Fc were tested i vivro using Daudi cells. The
data indicate that the length of the flexible linkers and the length of the Linking Region
(LR) between the cytokine 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 Hinkers and
thus a longer LR have a higher level of cytokine activity. The results are shown in
Figures 10A-10B. The fusion protein construcis are the same as those described above in
Example 2 with respect to Figures 8A and §B.

Example 4: Activity of Protease-treated ACCs

Protease treated IFNo-2b-containing ACCs were tested for anti-proliferative

responses in Daudi lympho cells and in the cell-based reporter assay to determine if the

activity could be restored.

To cleave the dimerizing domain, IFNa-2b-containing ACCs were treated
overnight at 37°C with recombinant human proteases such at urckinase-type plasminogen
activator (uPA}, or matriptase (MT-SP1}. A cocktail of protease inhibitors were added to
neutralize the proteases prior to testing for activity as described in Example 2 and 3. The
results from these assays indicate that the treatment of IFNa-2b-containing ACCUs with
proteases could restore activity to a level that is comparable to the recombinant cytokine.
EC30 values for ACC TFNu-2b-1204DNIdl-higG4, ACC IFNu-2b-1204DNId-higG4 +
uPA, and Stem Cell IFNo-2b (human recombinant [FN-alpha 2b, available from
StemCell Technologies, Catalog #78077.1) were computed from the Daudi apoptosis

assay resulls, and are provided below in Table 3.
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Table 3. ECS50: Daudi Apoptosis Assay

FhNo-2b- IFNu-2b- Stem Cell IFNe-2b
1204DN1dl-higG4 1204DNidE-higG4
{ACC) {ACC) +uPA

ECS0 1318 0.5701 0.3664

HCSO values for ACC TFNo-2b-1204DN1d-higG4, ACC TFNo-2b-1204DNEd-
hig(G4 + uPA, and Stem Cell IFNa-2b were computed from the IFNo/B assay results, and

are provided below in Table 4.

Table 4. EC50; IFNuw/P Reporter Assay

IFN-2b- IFNg-2b- Sylatron® Commercial
1204DNIdl- 1204DNIdl- TFNg-2b
higGd (ACC) higG4 (ACCY +
uPA
EC30 3931 (.4611 3.019 1.280

These results show that without the presence of an activating protease, the activity

of IFNg-2b-1204DNId-higG4 ts significantly decreased relative to the IFNe-2b control.

Example 5: Universal ProfFN

An ACC according to the present disclosure was prepared by recombinant
methods having a universal interferon sequence (ProC859) (IFNaAD 0AA 1204DNIdL
OAA IgG4) having activity on both human and mouse cells. The 1% and 2™ monomer
constructs of this ACC were identical, with each being a polypeptide having the amino
acid sequence (SEQ 1D NO: 323 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 mature cytokine protein that corresponds to a universal interferon molecule
that is a hybrid of IFN alpha 1 and IFN alpha 2a (SEQ I3 NGO 324), a cleavable moiety
having the amino acid sequence of SEQ ID NOG: 100, and a dimerization domain
corresponding to human [gG Fo (SEQ 1D NG: 3). The activity of the universal ProlFN
was tested i vifro using IFN-responsive HEK 293 cells and B16 mouse melanoma cells,
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The activity of ProC859 was reduced at least 150X as compare to mouse IFNa4.
Protease activation with uPa restored activity to a level that is comparable to mouse
1FNa4 as shown in Figure 19). EC50 values for ACC ProC859, ACC ProCB59 + uPA,

and mouse IFNad were computed from the assay results and are provided in Figure 19

5 EC30: B16 IFNo/B Reporter Assay
ProC85% Pro(C859 IFNa4
(ACC) {ACC) +uPA
ECSO 2937 1.951 1.966

Example 6: In vitro characterization of lead AC{C ProC446:
Activatable cytokine construct ProC 440 (N IFNa2b ¢ 1204DNIdL 0AA Fe) was
10 also 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 SEQ ID
NO: 313 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 NGO 1), 2
15 cleavable moiety having the amino acid sequence of SEQ D NG: 100, and a

dimerization domain corresponding to human IgG Fe (SEQ ID NO: 3}

The activity of ProC440 was tested i vifro using IFN-responsive HEK293 cells
and Daudi celis as previously described. In both assays, the activity of ProC440 was
reduced at least 1,000X as compared to Stem Cell IFNa-2b (Figure 13). Protease

20 activation with uPa restored activity to a level that is comparable to the recombinant
cytokine (IFNa2b as shown in Figure 13}, ECS50 values for ACC ProC440, ACC
ProC440 + uPA, and Stem Cell IFNo-2b were computed from the IFNo/B assay results

and are provided below in Table 5.

Table S. ECS0: IFNo/B Reporter Assay
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ProC440 (ACC) ProC440 (ACC) + Stem Cell IFNa-2b
uPA

)

ECS0 7643 4333 10.88

EC50 values for ACC ProC440, ACC ProC440 + uPA, and Stem Cell IFNo-2b were

computed from the Daudi apoptosis assay results and are provided below in Table 6.

Table 6. ECS0: Daudi Apoptosis Assay

ProC440 (ACC) ProC440 (ACC) + Stem Cell IFNa-2b
uPA

EC30 2642 0.1842 (.3530

Cleavage with uPa at the expected site in the CM was confirmed by Mass
spectrometry analysis (Figures 14A-14R). In addition to sensitivity to uPa activation,
ProC440 is cleaved by MMP4 (Figure 14A-14B). Analysis by Mass spectrometry
identified a MMP14 cleavage site at the C-terminal extremity of [FNa, near the cleavable
moiety (Figure 14B). Protease activation with MMP 14 restored activity to a level that is
comparable to the recombinant cytokine. All together, this indicates that ACC Pro440
can recover full activity after cleavage of intrinsic and engineered cleavable moteties by
at feast uPa and MMP14.

ACC ProC657 (N IFNaZb 0AA 1204DNIdL 0AA IgG4 KiHSS) was also
prepared by recombinant methods. The 1% monomer construct of this ACC is a
polypeptide having the amino acid sequence of SEQ 1D NO: 314 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 mature cytokine protein that corresponds to human
interferon alpha-2b (SEQ 1D NG: 1), a cleavable moiety having the amino acid sequence
of SEQ 1D NO: 68, and a dimerization domain corresponding to human 1gG Fe with a
knob mutation (SEQ ID NO: 315). The 2 monomer construct of this ACC isa
polypeptide having the amino acid sequence of SEQ 1D NO: 322 and a signal sequence at

its N-terminus. The 2™ monomer construct has, from N-terminus to C-terminus, a signal
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sequence, a stub moiety (SEQ D NO: 317), and a dimerization domain corresponding to
human IgG Fe with a hole mutation (SEQ ID NO: 316).

The activity of ProC657 was tested in vitro using [FN-responsive HEK293 cells
as previously described. The activity of ProC6357 was reduced as compare to Stem Cell
IFN@-2b or uPa-activated ProC440 but increased as compared to ProC440 (Figure 15),
Thus, the present disclosure provides different structures of ACCs that make it possible to

modulate levels of reduction in activity in the ACCs.

Example 7: In vive antiproliferative Activity of ACCs:

The anti-profiferative effects of [FNo-2b-containing ACC ProC440 was tested in
vivo using the Daudi xenograft tumor model. Beige/SCID mice were implanted
subcutaneousty with 10x10° Daudi cells in serum-free medium (1:1 Matrigel) When the
average tumor volume reached ~60-120 mm’, mice were randomized and dosed once a
week for 5 weeks with ProC440. Body weights and fumor measurements were recorded
twice weekly for the duration of the study. The data in Figure 16 shows that [IFNa-2b-
containing ACC ProC440 induced complete tumor regression at a dose as low as 0.1
mg/kg and slowed-down tumor growth at a dose of 0.02 {top) and the anti~proliferative

effects of Sylatron®are shown for comparison (bottom).

Example 3: In vivo tolerability Activity of ACCs

Human [FNa-2b cross react with hamster IFNw receptor and has been previcusly
shown 1o be active in Hamster (Altrock et al, Journal of Interferon Research, 1986). To
assess the tolerability of IFNa-2Zb-containing ACC ProC440, 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 (BLT means dose
Limiting toxicities) were tdentified. The starting dose (0.4 mg/kg (“mpk™)) represents an
equivalent dose of INFa-con (recombinant interferon alpha, a non-naturally occurring
type-~I interferon manufactured by Amgen under the name Infergen®) expecied to induce
body weight loss, decreased food consumption and bone marrow suppression in a
hamster (125gr). (In cynomolgus monkeys (cyno), 0.1 mg/kg/day of INFu-con has been

associated with body weight lost, decreased food consumption and bone marrow
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suppression (equal t0 1.25-2.5 x 1077 U for a 125 gram hamster).) I the starting dose
was tolerated, animals were moved up to a “mediurm 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. I
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 to a “lower dose” of 0.08
mg/kg. Animals were dosed with an ACC having a N- to C-terminus structure of DD-
CM-CP dimers (ProC286). As anegative control, animals were dosed with a hursan
1gGG4. The negative control did not induce any toxicity in the animals, as expected.

ProC286 (ChlgG4 5AA 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 ID NO: 320 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 dimerization domain corresponding to human IgG Fe
{SEQ 1D NGO: 3), a linker (SEQ 1D NO: 321) a cleavable moiety having the amino acid
sequence of SEQ D NO: 100, a linker (SEQ 1D NO: 2), and a mature cytokine protein
that corresponds to human interferon alpha-2b (SEQ ID NQ: 1)

ProC291 (Nhig(G4 SAA 1204DNIEdL 1FNa2b} was also prepared by recombinant
methods. The 1* and 2™ monomer constructs were identical. Each of the 1% and 2%
monomer constructs comprises, from N-terminus to C-terminus, a mature cytokine
protein that corresponds to human interferon alpha-2b (SEQ ID NGO: 1), a linker (SEQ ID
NG 321), a CM (SEQ ID NO: 100}, a linker {(GGGR), and a human IgG4 Fo region
including the full hinge sequence (SEQ ID NO: 4).

The activity of ProC286 and ProC291 were compared to the activity of Sylatron®
{(PEG-IFN-alpha2b) in the Daudi apotosis assay (Figures 17A-178). In this assay,
ProC286 and Sylatron® showed similar levels of activity as shown in Figure 17A This
indicates that ProC286 has similar activity to commercially-available pegylated IFN-
alpha2b, and could be used as surrogate Svlatron® control to evaluate the tolerability of
IFN@-2b in the hamster study. ProC291 showed reduced activity compared to ProC286
and Sylatron®, indiciating that the structural orientation of the IFN N-terminal to the Fc
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was important for reduction in activity. That is, when the DD is a pair of Fc 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).

Animals were dosed on day 1 with the 0.4 mg/kg starting dose. Animals were
kept on study for one week, unless a non-tolerated dose (DLT) was reached. Clinical
observations, body weights & teroperatures were measured priot to dosing, and at 6h,
24h, 72h, and 7d post-dose for each animal. Blood samples for Hematology and
Chemistry analvsis were collected at 72h, 7d post-dose for each animal. Hematology and
Chemistry analysis were performed right after sampling. For the Hematology analysis,
blood smear, differential white biood cell count, hematocerit, hemoglobin, mean
corpuscular hemoglobin, mean corspucuar volume, platelet count, red blood cell
{erythrocyte) count, red blood cell distribution width, reticulocyte count and white blood
cell (Jeukocyte) count were evaluated. The clinical chemistry panel included
measurement of alanine aminotransferase, albumin, albumin/globulin ratio, alakaline
phosphatase, aspartate aminotransferase, calcium, chloride, cholesterol, creatine kinase,
creatine, gamma glutamytransferase, globulin, glucose, inorganic phosphorus, potassium,
sodium, total bilirubin, total protein, triglycerides, urea, nitrogen, and C-reactive protein.
The evidence of toxicities in the tolerability study are summarized in Figures 22-24.

Overall, animals dosed with the unmasked ProC286 constructs showed on
average 5% body weight {oss at when dosed at Zmpk, and 15% body weight ioss when
dosed at 10mpk and | 5mpk (Figure 22). One animal dosed with ProC286 at 15mpk
showed 20% body weight foss 7 days post-dose {end of study). This is considered a non-
tolerated dose. In contrast, animals dosed with ProC440 at 2mpk and 10mpk did not show
body weight loss.

Animals dosed with ProC440 at 15mpk showed on average 5% body weight loss
(Figure 22). This indicates that ACCs of the present disclosure with a dimerized structure
of, starting at the N-terminus, CP-CM-DD unexpectedly limits IFNa-2b mediated
bodyweight loss. 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
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activity in the context of ProC440, reducing the toxicity of the interferon in comparison
to PEGylated TFNw-2b (Svlatron®) or ProC286.

In terms of clinical chemistry, animals dosed with ProC286 showed significant
elevation of Alkaline Phosphatase (ALP) at all doses (0.4mpk, 2mpk, 10mpk and
15mpk), 7 days post-dose {end of study) (Figure 23). No significant increase of ALP was
measured when animals were dosed with 10mpk or 13mpk of ProC440 (Figure 23).
Elevation of ALT s a marker of liver toxicity. IFNa-2b has been shown to induce liver
toxicities. This indicates that ACCs of the present disclosure with a dimerized structure
of, starting at the N-terminus, CP-CM-DD unexpectedly limits IFNa-2b mediated liver
toxiciiies.

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
level of Reticulocyte count, Neutrophil count and White Blood Cells (WBC) count
(Figure 24). These reductions are reminiscent of IFNa-2b mediated bone-marrow
toxicities. Three days post-dose, animals dosed with ProC440 showed reduction level of
Reticulocyte count, Neutrophil count and White Blood Celis (WBC) count (Figure 24},
Overall, the reduction level of hematopietic cells observed in animals dosed with
ProC440 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 ProC440, the overall
level of Reticulocyte count, Neutrophil count and White Blood Cells (WBC) count is
back to normal levels, or to a similar level level that what observed in animals dosed with
the negative control Ig(G4 (Figure 24). In animals dosed with ProC286, the level of
Reticulocyte count, Neutrophil count and White Blood Cells (WBC) count remains fow.
This indicates that ACCs of the present disclosure with a dimerized structure of, starting
at the N-terminus, CP-CM-DD unexpectedly limits FNa-2b mediated bone marrow
toxicities.

Example 4. frn vifro characterization of additional cytekine construcis

Additional activatable cytokine constructs were also prepared by recombinant
methods. The 1% and 2™ monomer constructs of these ACCs were identical. Hach of the
1% and 2% monomer constructs comprises, from N-terminus to C-terminus, a signal
sequence from a mouse Ig(s kappa signal sequence (residues 1-20 of SEQ ID NO: 309}, a
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mature cytokine protein that corresponds to human interferon alpha-2b (SEQ 1D NO: 1),
a cleavable motety {CM) having the amino acid sequence of SEQ ID NO: 100, and a
dimerization domain corresponding to human IgG4 S228P Fc (comprising SEQ 1D NO:
3). In addition, these ACCs include or not a hinker having the amino acid sequence
SGGGG between the CP and the CM. These ACCs include or not a linker having the
amino acid sequence GGGS between the CM and DD. These ACCs also contain or not
portions of the hinge of the DI that are N-terminal to Cysteine 226, These additional
activable cytokines constructs are described in Table 6 (see SEQ [ Nos: 336 to 342 and
SEQ ID NO: 313).

Table 6: Activable cytokines having different lengths of amine acid sequences

between CP and Cysteine 226 of human IgG

Linker Linker Fec Hinge | LINKING
Alternative between CPF | between CM | N-terminal | REGION
Name Name and CH and DD residues LENGTH
IFNazb 12
1204DNI 0AA
ProC288 | Fc SGGGG absent absent
IFNa2b 15
1204DN1 3AA
ProC289 | Fe SGGGG absent GPP
IFNa2b 19
1204DNI 7TAA
ProC290 | Fe SGGGG absent ESKYGPP
IFNaZb 23
1204DNI 11AA
ProC201 | Fo SGGGG GGGS ESKYGPP
NIFNaZb o 7
1204DNIdL
ProC440 | DAA Fe absent absent absent
NIFNazZb 0 10
1204DNIdL
ProC441 | 3AA Fe absent absent GPP
N IFMNa2b 0 14
1204DNIdL
ProC442 | TAA Fce absent absent ESKYGPP
NIFNa2b 0 18
1204DNIdL
ProC443 | 11AAF¢ absent GGGS ESKYGPP
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The activity of ProC440, an ACC with no flexible linker and an Fc region
truncated to Cys226, and the activity of additional ACCs containing various linkers and
Fc region sequences was tested in vitro using IFN-responsive HEK293 cells and Daudi
cells as previously described. In both assays, the activity {e.g., anti-proliferative effects)
of ProCC440 was reduced as compared to all other ACCs containing various additional
sequences between the cytokine and the first amino acid that binds the DD to the
corresponding second monomer (fe., Cys226). ECS0 values for the ACCs were

computed from the [FNo/B assay results and are provided below in Table 7.

Tabie 7. EC50: IFNow/P Reporter Assay

Pro Pro Pro Pro Pro Pro Pro Pro
{288 289 290 {291 440 {441 442 {443

3

EC50 | 3434 1793 10.33 5.74: 41.37 6.28 6.037 1.687

192

HOS50 values for the ACCs were computed from the Daudi apoptosis assay results

and are provided below in Table &.

Table 8 ECS50: Daudi Apoptosis Assay

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

EC50 | 1128 64.53 23.04 13.39 2078 1053 642.9 47

~1
[o24]

The data in Tables 7-8 also shows that the activity of the {uncleaved) ACCs could
be modulated by varying the length of the amino acid sequences between the cytokine
and Cys226 of the DD,

Without wishing to be bound by theory, based on the results presented herein, the
tnventors envisage that positioning a cytokive N-terminal of the DD and using a
relatively short LR inhibits cytokine activity for cytokines in addition to the interferon-
alpha cvtokines exemplified in the foregoing specific examples. As described above, the
invention described heretn encompasses activatable cytokine constructs that include
various cytokine proteins discussed herein. As non-limiting examples, the CP used in the
ACCs of the invention may be any of those listed in SEQ 1D NOs: 101 to 209, and
variants thereof In particular, monomeric cytokines are suited to use in the ACCs
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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 wild type

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 wild type

cytokine.

Example Seguences

SEQID | NAME SEQUENCE
NO.
1 Homan Tnterferon- | CDLPQTHSLGSRRTLMLLAGMRRISLFSCLKDRIDFGF
alpha-2b POEEFGNQFQKAETIPVLHEMIQQIFNLFSTKDSSAAWD
ETLLDKFYTELYQQLNDLEACVIQOGVGVTETPLMKEDS
[LAVRKYFORITLYLKBKK YSPCAWEV VRAEIMRSFSLS
TNLOESLRSKE
2 Linker GGGS
3 Human 1gG4 Fc CPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPEVTCVVY
Region with $228P | DVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTY
mutation, truncated | RVVSVLTVLHODWLNGKEYKCKVSNKGLPSSIEKTISK
to Cys226 AKGOPREPQVYTLPPSOEEMTKNQVSLTCLVKGFYPS
DIAVEWESNGOPENNYK TTPRVLDADGSFFLYSRLTVD
KSRWOQGNVFSCSVMHEALHNHY TOKSLSLS
4 Human 1gG4 Fe ESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTLMISRTPE
Region with S228P 1 4oy Y SQEDPEVOFNWY VDGVEVHNAK TKPREE
mutation and full
hinge region QFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLPSS
IEKTISK AKGOPREPOVY TLPPSOEEMTKNGVSLTCLY
KGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFLY
SRLTVDKSRWOQGNVFSCSVMHEALHNHYTOKSLALS
5 M LSGRSDNH
5 M TGRGPSWYV
7 M PLTGRSGG
8 CM TARGPSFK
9 M NTLSGRSENHSG
10 M NTLSGRSGNHGS
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11 CM TSTSGRSANPRG
12 M TSGRSANP
13 M VHMPLGFLGP
14 CM AVGLLAPP
5 M AQNLLGMY
16 CM ONQALRMA
i7 M LAAPLGLL
18 CM STFPFGMF
9 M ISSGLLSS
20 CM PAGLWLDP
21 CM VAGRSMRP
22 CM VVPEGRRS
23 CM ILPRSPAF
24 CM MVLGRSLL
25 M QGRAITHI
26 M SPRSIMLA
27 M SMLRSMPL
28 M ISSGLLSGRSDNH
29 M AVGLLAPPGGLSGRSDNH
30 M ISSGLLSSGGSGGSLSGRSDNH
31 M LSGRSGNH
32 M SGRSANPRG
33 M LSGRSDDH
34 CM LSGRSDIH
35 M LSGRSDQH
36 M LSGRSDTH
37 CM LSGRSDYH
38 M LSGREDNP
39 M LSGRSANP
40 M LSGRSAN]
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41 CM LSGRSDNI

42 CM MIAPVAYR

43 CM RPSPMWAY

44 CM WATPRPMR

43 CM FRLEDWQW

46 CM ISSGL

47 CM ISSGLLS

43 CM ISSGLL

49 CM ISSGLLSGRSANPRG

50 CM AVGLLAPPTSGRSANPRG
51 CM AVGLLAPPSGRSANPRG
52 CM ISSGLLSGRSDDH

53 CM ISSGLLSGRSDIH

54 M ISSGLLSGRSDQH

55 M ISSGLLSGRSDTH

56 M ISSGLLSGRSDYH

57 CM ISSGLLSGRSDNP

58 M ISSGLLSGRSANP

59 CM ISSGLLSGRSAN!

60 M AVGLLAPPGGLSGRSDDH
61 M AVGLLAPPGGLSGRSDIH
62 M AVGLLAPPGGLSGRSDGH
63 CM AVGLLAPPGGLSGRSDTH
64 M AVGLLAPPGGLSGRSDYH
65 CM AVGLLAPPGGLSGRSDNP
66 CM AVGLLAPPGGLSGRSANP
67 CM AVGLLAPPGGLSGRSANI
68 CM ISSGLLSGRSDNI

69 CM AVGLLAPPGGLSGRSDNI
76 CM GLSGRSDNHGGAVGLLAPP
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71 CM GLSGRSDNHGOVHMPLGELGP
72 CM LSGRSDNHGGVHMPLGFLGP
73 CM ISSGLSS

74 CM PYGYTSSL

75 CM DWLYWP(GL

76 CM LKAAPRWA

77 CM GPSHLVLT

78 CM LPGGLSPW

79 CM MGLFSEAG

80 CM SPLPLRVP

81 CM RMHLRSLG

82 CM LLAPSHRA

83 CM GPRSFGL

34 M GPRSFG

85 M SARGPSRW

86 M GOWHTGRN

87 CM HTGRSGAL

88 M AARGPAIH

89 CM RGPAFNPM

S0 M SSRGPAYL

91 M RGPATPIM

92 M RGPA

93 CM GGOPSGMWGW
94 CM FPRPLGITGL

935 CM SPLTGRSG

46 CM SAGFSLPA

o7 CM LAPLGLORR

98 CM SGGPLGVR

o9 CM PLGL

160 CM SGRSDBNI
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101

Human Interferon

alpha-2a

PQEEFGNQFOKAETIPVLHEMIQQIFNLFSTKDSSAAWD
ETLLDKFYTELYQOQLNDLEACVIQGVGVTETPLMKEDS
ILAVRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLS
TNLOQESLRSKE

102

Rat Interferon

alpha-2

CDLPHTHNLRNKRAFTLLAOMRRLSPVSCLKDRKDFG
FPLEK VDGQOIQKAQAIPVLHELTQQILSLFTSKESSTA
WDASLLDSFCNDLQQGLSGLOACLMQQVGVQESPLTQ
EDSLLAVREYFHRITVYLREKKHSPCAWEVVRAEVWR
ALSSSANLLGRLREBRNES

103

Mouse Interferon

alpha-2

CDLPHTYNLRNKRALKVLAQMRRLPFLSCLKDROQDFG
FPLEKVDNQQIQKAQAIPVLRDLTQQTLNLFTSKASSA
AWNATLLDSFCN DLHQQLNDLQ TCLMOQVGVQ
EPPLTOEDAL LAVRK YFHRITVYLREKKHS
PCAWEVVRAE VWRALSSSVN LLPRLSEEKE

104

Huoman Interferon

Alpha-2b

CDLPOTHSLGSRRTLMLLAGMRRISLFSCLKDRHDFEGF

POEEFGNQFQKAETIPVLHEMIQOIFNLFSTKDSSAAWD
ETLLDKFYTELYQOLNDLEACVIQGYGYTETPLMKEDS
HAVRKYFORITLYLKERKYSPCAWEVVRAEIMRSESLS
TNLQESLRSKE

Human Interferon

Alpha-n3

CDLPOQTHSLGSRRTLMLEAGMRKISEFSCLKDRHDFGF
POEEFGNQFQEAETIPVLHEMIQQIFNLFSTKDSSAAWD
ETLEDKFYTELYQOQLNDLEACVIQGVGYTETPLMKEDS
LAVRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSFSLS
TNLOQESLRSKECDLPOTHSLGSRRTLMLLAQMRRISLES
CLKDRHDFGFPQEEFGNQFQKAETIPVEHEMIQQIFNLF
STKDSSAAWDETLLDBKFYTELYQOQLNDLEACVIQGVEG
VIETPLMNEDSILAVRKYFOQRITLYLKEKKYSPCAWEY
VRAEIMRSFSLSTNLQESLRSKECDUPQTHSLGSRRTLM
LLAQMRRISLFSCLKDRRDFGFPOEEFGNQFQKAETIPY
LHEMIQQIFNLFSTEDSSAAWDETLLDKFYTELYQQLN
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DLEACVIQGVOVTETPLMNEDSILAVREKYFORITLYLKE
KKYSPCAWEVVRAEIMRSFSLSTNLQESLRSKE

106

Human Interferon

beta-1a

MSYNLLGFLORSSNFOCOKLLWOLNGRLEYCLKDRM
NFDIPEEIKQLQQFQKEDAALTIYEMLQNIFAIFRQDSSS
TGWNETIVENLLANVYHQINHLK TVLEEKLEKEDFTR
GKLMSSLHLKRY YGRILHYLKAKEYSHCAWTIVRVEIL
RNFYFINRLTGYLRN

Human Interferon

beta-1b

SYNLLGFLORSSNFQSOQRLLWOLNGRLEYCLKDRMNF
DIPEEIKOQLOQFOKEDAALTIVEMLONIFAIFRQDSSSTG
WNETIVENLLANVYHQINHLKTVLEEKLEKEDFTRGK
EMSSLHLKRYYGRILHYLEKAKEYSHCAWTIVRVEILRN
FYFINRLTGYLRN

Mouse Interferon-

Beta

MNNRWILHAAFLLCFSTTALSINYKOQLQLOERTNIRKC

QELLEQLNGKINLTYRADFRIPMEMTEKMQKSYTAFAL
QEMLONVFLVERNNFSSTGWNETIVVRLLDELHQQTY

FLKTVLEEKQEERLTWEMSSTALHLKSYYWRVQRYLK
EMEYNSYAWMVYRAEIFRNFLORRLTRNFQN

Rat Interferon-Beta

MANRWTLHIAFLLCFSTTALSIDYKOQLOFROSTSIRTCO
KLLROLNGRLNLSYRTDFKIPMEVMHPSOMEKSYTAF

AIGVMLONVFLVFRSNFSSTGWNETIVESLLDELHQQT
ELLEHLKEKQEERLTWVTSTTTLGLKSYYWRVOQRYLK
DEKYNSYAWMVVRAEVFRNFSHLRLNRNFOQN

110

Homan Interferon

Omega

MCDLPONHGLLSRNTLVLLHOMRRISPFLCLEDRRDFR
FPOEMVKGSQLOKAHVMSVLHEMLQOIFSLFHTERSS
AAWNMTLLDGLHTGLHQGLOHLETCLLOVVGEGESA
GAISSPALTLRRYFOQGIRVYLKEKKYSDCAWEVVRME]
MICSEFLSTNMQERLRSKDRDLGSS

111

Human IL-1 alpha

MAKVPDMFEDLKNCY SENEEDSSSIDHLSENQKSFYH
VSYGPLHEGCMDOQSVSLSISETSKTSKLTFKESMVVVA
TNGKVLKKRRLSLSQSITDDDLEAIANDSEEEIKPRSAP
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FSFLANVEKYNFMRIIKYEFILNDALNQSIIRANDQYLTA
AALHNLDEAVEFDMGAYKSSKDDAKITVILRISKTQLY
VTAQDEDQPVLLKEMPEIPKTITGSETNLLFFWETHGT
KNYFISVAHPNLFIATEKQGDYWVCLAGGPPSITDFQILE
NQA

Mouse IL-1 alpha

MAKVPDEFEDLKNCYSENEDYSSAIDHI SLNGQKSFYD
ASYGSLHETCTDOFVSLRTSETSKMSNFTFKESRVTVS
ATSSENGKILKKRRESFSETFTEDRDLOSITHDLEETIOPRS
APYTYQSDLRYKLMELVROKFVMNDSLNQTIYQDRVD
KHYLSTTWLNDLQQEVEKFDMYAYSSGODDSKYPVTL
KISDSQLFVSAQGEDQPVLLKELPETPKEITGSETDLIFF
WESINSENYFTSAAYPELFIATKEQSRVHLARGLPSMT
DFQIS

e
Pt
43

Human IL-1 beta

MAEVPELASEMMAYYSGNEDDLFFEADGPKQMKCSF

QDLDLCPLDGGIQLRISDHHYSKGFROAASVVVAMDEK
LRKMLVPCPQTFQENDL STFFPFIFEEEPIFFDTWDNEA

YVHDAPVRSLNCTLRDSQQKSLVMSGPYELKALHLOG
ODMEQQVVFSMSFVOGEESNDKIPVALGLKEKNLYLS

CVLKDDKPTLOLESVDPKNYPKKKMEKRFVFNKIEINN
KLEFESAQFPNWYISTSOAENMPVFLGGTKGGODITDF

TMOQFVSS

Mouse I1.-1 beta

MATVPELNCEMPPFDSDENDLFFEVDGPQKMKGCFQT
FDLGCPDESIQLOISOQHINKSFROAVSLIVAVEKLWQL
PVSFPWTFQDEDMSTFFSFIFEEEPILCDSWDDDDNLLY
CDVPIRQLHYRLRDEQQKSLVLSDPYELKALHLNGQNI
NQOQVIFSMSFVQGEPSNDKIPVALGLKGKNLYLSCVM
KDGTPTLOLESVDPKQYPKKKMEKRFVFNKIEVESKY
EFESAEFPNWYISTSQAEHKPVFLGNNSGODIDFTMES
VSS

Human [L-1RA

MEICRGLRSHLITLLLFI FHSETICRPSGREKSSKMQAFRI
WDVNOKTFYLRNNOQLVAGYLOQGPNVNLEEKIDVVPIE
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PHALFLGIHGGKMCLSCVESGDETRLOQLEAVNITDLSE
NRKODRKRFAFIRSDSGPTTSFESAACPGWEFLCTAMEAD
QPVSLTNMPDEGYVMVTKFYFQEDE

116

Mouse IL-IRA

MEICWGPY SHLISLLEH FFHSEAACRPSGKRPCKMQAF
RIWDTNOQKTFYLRNNQLIAGYLOGPNIKLEERKIDMVPI
DEHSVFLGIHGGKLCLSCAKSGDDIKLQLEEVNITRELSK
NKEEDKRFTFIRSERKGPTTSFESAACPGWELCTTLEADR
PVSLTNTPEEPLIVIKFYFQEDQ

Humag 1L-18€

MAAEPVEDNCINFVAMEFIDNTLYFIAEDDENLESDYF
GKLESKLSVIRNLNDOQVLFIDOGNRPLFEDMTDSDCRD
NAPRTIFHSMYKDSOPROMAVTISVKCEKISTLSCENKI
ISFKEMNPPDNIKDTKSDIFFQRSVPGHDNEKMOFESSS

YEGYFLACEKERDLFKLILKKEDELGDRSIMETVQNED

118

Mouse {1.-18

MAAMSEDSCYNFEEMMFEIDNTLYFIPEENGDLESDNF
GRLHCTTAVIRNINDOQVLFVDKROPVFEDMTDIDOQSAS
FPOTRLUYMYKDSEVRGLAVTLSVKDSKMSTLSCENK
HSFEEMDPPENIDDIQSDLIFFOQKRVPGHNKMEFESSLY
EGHFLACQKEDDAFKLILKKKDENGDKSVMEFTLTNLH
Qs

119

Human {L-2

MYRMOQLLSCIALSLALVINSAPTSSSTEKTOQLOLEHLL
LOLOMILNGINNYKNPKLTRMELTFKEFYMPKKATELKH
LOCLEEELKPLEEVINLAQSKNFHLRPRDLISNINVIVL
ELKGSETTFMCEYADETATIVEFLNRWITFCQSIIS

Mouse 1L-2

MYSMQLASCVTLTLVLL VNSAPTSSSTSSSTAEAGQQO
GOGOCQOQOHLEQLLMDLOELLSRMENYRNLKLPRML
TFRFYLPKQATELKDLOCLEDELGPLRHVLDLTQSK SF
QLEDAENFISNIRVTVVKLKGSDNTFECQFDDESATVY
DFLRRWIAFCOSISTSPO

121

Human 114

MGLTSQLLPPLFFLLACAGNFVHGHKCDITLQEIKTLN
SLTEQKTLCTELTVTIDIFAASKNTTEKETFCRAATVLR
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QFYSHHEKDTRCLGATAQQFHRHKOQLIRFLERLDRNL
WOLAGLNSCPVEEANGSTLENFLERLKTIMREKYSKC
S8

Mouse IL-4

MGLNPOQLVVILLFFLECTRSHIHGCDKNHLREIIGIENE
VIGEGTPCTEMDVPNVLTATKNTTESELVCRASK VLRI
FYLKHGKTPCLKKNSSVEMELQRLFRAFRCEDSSISCT
MNESKSTSLKDFLESLKSIMOMDYS

Human I-7

MFHVSFRYIFGLPPLILVLLPVASSDCDIEGKDGKOYES

VEMVSIDQLLDSMEEIGSNCLNNEFNFFKRHICDANKE

GMFLFRAARKLROQFLEKMNSTGDFDLHLLKVSEGTTILL
NCTGOQVKGRKPAALGEAQPTRKSLEENKSLKEQKKLND
LCFLKRLLQEIKTCWNKILMGTKEH

124

Mouse {1L.-7

MFHVSFRYIFGIPPLILVLLPVTSSECHIKDKEGKAYESY
LMISIDELDKMTGTDSNCPNNEPNFFREHVCDDTKEAA
FENRAARKLKQFLKMNISEEFNVHLLTVSQGTQTLYVN
CTSKEEENVKEQKENDACFLKRLLREIKTCWNKILKG
S

Human 1L-9

MLLAMVYLTSALLLCSVYAGQGUPTLAGILDINFLINKMQ
EDPASKCHCSANVTSCLCLGIPSDNCTRPCFSERLSGMT
NTTMOQTRYPLIFSRVKEKSVEVLEKNNKUPYFSCEQPCNG
TTAGNALTFLKSLLEIFQKEKMRGMRGKI

126

Mouse 1L-0

MEVTYILASVLLFSSVLGORCSTTWGIRDTNYLIENLK
DDPPSKCSCSGNYTSCLCLSVPTRDCTTPCYREGLLOL
TNATQKSRLLPVFHRVKRIVEVLKNITCPSFSCEKPCNQ
TMAGNTLSFLKSLLGTFQKTEMQRQKSRP

127

Human IL-13

MHPLINPLLLALGIMALLLTTVIALTCLGGFASPGPVP
PSTALRELIEELVNITONQKAPLONGSMVWSINLTAGM
YCAALESLINVSGCSAIEKTQRMLSGFCPHKVSAGQFS
SLHVRDTKIEVAQFVKDLLLHLKKLFREGREN
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128

Mouse [L.-13

MALWYVTAVLALACLGGLAAPGPVPRSVSLPLTLKELIE
ELSNITQDOQTPLONGSMVWSVDLAAGGFCVALDSLTN]
SNCNAIYRTORILHGLONBRKAPTTVSSLPDTKIEVAHET
TRKLLSYTKQLFRHGPF

129

Homan IL-15

MRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVEILGCES
AGLPKTEANWVYNVISDLKKIEDLIQSMHIDATEYTESD
VHPSCEVTAMECFLLELOQVISLESGDASIHDTVENLIIL
ANNSLSSNGNVTESGCKECEELEEKNIKEFLOQSFVHIVQ
MFINTS

130

Mouse IL-15

MEKILKPYMRNTSISCYLCFLLNSHFLTEAGIRVFILGCY
SYGLPKTEANWIDVRYDLEKIESLIQSIHIDTTLYTDSDE
HPSCKVTAMNCFLLELGVILHEY SNMTLNETVRNVLY
LANSTLSSNKNVAESGCKECEELEEKTFTEFLOSFIRIV
OMFINTS

Human IL-3

MSREPVLLLLOQLLVRPGLOQAPMTOTTPLKTSWVNCSN
MIDEHTHLKOPPLPLLDFNNENGEDQDILMENNLRRPN
LEAFNRAVKSLONASAIESILKNLLPCLPLATAAPTRHP
HIKDGDWNEFRRKLTFYLKTLENAQAQOQTTLSLAIF

Mouse 1L-3

MVLASSTTSIHTMLLELLMLFHUGLOQASISGRDTHRLT
RTLNCSSIVEEHGKLPEPELKTDDEGPSLRNIKSFRRVNL
SKFVESQGEVDPEDRY VIKSNLOKENCCLPTSANDSAL
PGVFIRDLDDFRKELRFYMVHLNDLETVLTSRPPQPAS
GSVEPNRGTVEC

{33

Human IL-5

MRMLLHLSELALGAAYVYAIPTEIPTSALVKETLALLS
THRTLLIANETLRIPVPVHEKNHQLCTEEIFQGIGTLESQT
VOQGGTVERLFKNLSLIKKYIDGOKKKCGEERRRVNGF
LDYLOQEFLGVMNTEWIIES

Mouse IL-5

MERMELHESVLTLSCVWATAMEIPMSTVVKETLTQLS
AHRALLTSNETMREPVPTHKNHOLCIGEIFQGLDILKN
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QTVRGOGTVEMLFONLSLIKKYIDROQKEKCGEERRRTR
QFLDYLQEFLGYMSTEWAMEG

-
()
i

Human GM-CSF

MWLOSLELLGTVACSISAPARSPSPSTOPWEHVNAIQE

ARRLINLSRDTAAEMNETVEVISEMFDLOQEPTCLOTRL
ELYKOQGLRGSLTKLEGPLTMMASHYKOGHCPPTPETSC

ATQUTFESFKENLKDFLLVIPFDCWEPVQE

Mouse GM-CSF

MWLONLLFLGIVVYSLSAPTRSPITVTRPWKHVEAIKE
ALNLLDDMPVTLNEEVEVVIENEFSFKKLTCVQTRLKIF
EQGLRONFTELKGALNMTASYYQTYCPPTPETDCET(
VITYADFIDSLKTFLTDIPFECKKPGQK

137

Human IL-6

MINSFSTSAFGPVAFSLGLLLVLPAAFPAPVPPGEDSKD
VAAPHRQPLTSSERIDKQIRYILDGISALRKETCONKSNM
CESSKEALAENNLNLPKMAEKDGCFOSGFNEETCLVKE
ITGLLEFEVYLEYLONRFESSEEQARAVOMSTKVLIQFL
QKKAKNLDAITTPDPTTNASLLTKLOQAQNQWLQDMTT
HEILRSFKEFLOSSLRALROM

138

Mouse IL-6

MEFLSARDFHPVAFLGLMLVTTTAFPTSQVRRGDFTE
DTTPNRPVYTTSQVGOLITHVLWEIVEMRKELCNGNS
DCMNNDDALAENNLKLPEIQRNDGCYQTGYNQEICLL
KISSGLLEYHSYLEYMENNLKDNEKDKARVLQRDTET
LIHIFNQEVKDLHKIVEPTPISNALLTDKLESGKEWLRT
KTIQFILKSLEEFLKVTLRSTROT

139

Human IL-11

MNCVCRLVLVVLSLWPDTAVAPGPPPGPPRVSPDPRA
ELDSTVLLTRSLLADTROLAAQLRDKFPADGDHNLDS
LPTLAMSAGALGALQLPGVLTRLRADLLSYLRHVQWL
RRAGGSSLKTLEPELOTLOARLDRLLRRLOLLMSRLAL
POPPPDPPAPPLAPPSSAWGGIRAAHATLGGLHLUTLDW
AVRGLLLLKTRL

140

Mouse HL.-11

MNCVCRLVLVVLSLWPDRVVAPGPPAGSPRVSSDPRA
DLDSAVLLTRSLLADTRGLAAQMRDKFPADGDHSLDS
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LPTEAMSAGTLGSLOLPGVLTRLRVDLMSYLRHVOQWL
RRAGGPSLKTLEPELGALQARLERLLRRLOLLMSREAL
POAAPDQPVIPLGPPASAWGSIRAAHAILGGLHLTLDW
AVRGLLLLKTRL

141

Homan G-CSF

MAGPATQSPMKLMALQLLLWHSALWTVQEATPLGPA
SSLPOQSFLLKCLEQVRKIQGDGAALQEKLVSECATYKL
CHPEELVLLGHSLGIPWAPLSSCPSQALQLAGCLSQLHS
GLFLYQGLLQALEGISPELGPTLDTLQLDVADFATTIW
QOMEELGMAPALOPTQGAMPAFASAFORRAGGVLVA
SHLOSFLEVSYRVLRHLAQP

Mouse G-CSF

MAQLSAQRRMKLMALQLLLWQSALW SGREAVPLYT
VSALPPSLPLPRSFLLESLEQVRKIQASGSVLLEQLCAT
YKLCHPEELVLLGHSLGIPK ASLSGCSSQALOQTQCLS
QLHSGLCLYQGLLOQALSGISPALAPTLDLLOLDVANFA
TTIWQQOMENLGVAPTVOPTOSAMPAFTSAFQRRAGGY
LAISYLOGFLETARLALHHLA

143

Human 11-12 alpha

MCPARSLLLVATLVLLDHLSLARNLPVATPDPGMEPCL
HHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITK
DKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRK
TSFMMALCLSSIYEDLKMYQVEFKTMNAKLLMDPKR
QIFLDONMLAVIDELMOALNIFNSETVPQKSSLEEPDYFY
KTKIKLCIELHAFRIRAVTIDRVMSYLNAS

Human IL-12 beta

MCHOQQLVISWEFSLVFLASPLVAIWELKKDVYVVELDW
YPDAPGEMVVLTCDTPEEDGITWTLDQSSEVLGSGKTL
TIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIW
STDHKDOKEPKNKTFLRCEAKNYSGRFTCWWLTTIST
DLTFSVEKSSRGSSDPOGVTICGAATLSAERVRGDNKEY
EYSVECQEDSACPAAEESLPIEVMYVDAVHKLKYENYT
SSFFIRDIKPDPPENLOLKPLEKNSROVEVSWEYPDTWS
TPHSYFSLTFCVQVOQGKSKREKKDRVFTDKTSATVICR
KNASISVRAQDRYYSSSWSEWASVPCS
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145

Mouse IL-12 beta

MCPOKLTISWFAIVLLVSPLMAMWELEKDVYVVEVD
WIPDAPGETYVNLTCDTPEEDDITWTSDORHGVIGSGKT
LTITVKEFLDAGQYTCHKGGETLSHSHUUL HKKENGIW
STEILKNFENKTFLKCEAPNYSGRFTCSWLYQRNMDBL
KFNIKSSSSSPDSRAVTCGOMASLSAEKVTLDORDYEKY
SVSCQEDVTCPTAEETLPIELALEARQONKYENYSTSFF
IRDEKPDPPKNLOMKPLEKNSQVEVSWEYPDSWSTPHS
YFSLKFFVRIQRKEKEKMKETEEGCNQRGAFLVEKTSTE
VOCKGONVYCVQAQDRYYNSSCSKWACVPCRVRS

146

Mouse IL.-12 alpha

MCQSRYLLFLATLALLNHLSLARVIPYSGPARCLSQSR
NLLKTTDDMVKTAREKLKHYSCTAEDIDHEDITRDOT
STLETCLPLELHKNESCLATRETSSTTRGSCLPPOKTSL
MMTLCLGSIYEDLKMYQTEFQAINAALQNHNHOQIL
DRGMLVAIDELMOSLNHNGETLRQEPPVGEADPYRY
KMKLCILLHAFSTRVYVTINRVMGYLSSA

Human LIF

MKVLAAGYVPLLLVLHWKHGAGSPLPITPVNATCAIR
HPCHNNLMNQIRSQLAQLNGSANALFILY YTAQGEPFP
NNLDKLCGPNVTDFPPFHANGTEKAKLVELYRIVVYL

GTSLGNITRDQKILNPSALSLHSKLNATADILRGLLSNV
LCRLCSKYHVGHVDVTYGPDTSGKDVFQKKKLGCQL

LGKYKQHAVLAGAF

148

Mouse LIF

MKVLAAGIVPLLLL VLHWKHGAGSPLPITPVNATCAIR
HPCHGNLMNQIKNQLAQLNGSANALFISY YTAQGEPFP
NNVEKLCAPNMTDFPSFHGNGTEK TKLVELYRMVAY
LSASLTNITRDOKVLNPTAVSLOVEKLNATIDVMRGLLS
NVLCRLONKYRVGHVDVPPYPDHSDKEAFQORKKLGC
QLLGTYKQVISVVVQAF

149

Human OSM

MGVLLTQRTLLSLVLALLFPSMASMAAIGSCSKEYRVL
LGOLOQRQTDEMODTSRLLDPYIRIGGLDYVPRLREHCRE
RPGAFPSEETERGLGRRGFLOTINATLGCVLHRLADLE
QRLPKAQDLERSGLNIEDLEKLOMARPNILGLRNNIYC
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MAQLLDNSDTAEPTKAGRGASQPPTPTPASDAFQREL
EGCRFLHGYHRFMHSVGRVFSKWGESPNRSRRHSPHO
ALRKGVRRTRPSREGKRLMTRGQOLPR

Mouse OSM

MQTRLLRTLLSLTLSLLILSMALANRGCSNSSSOLLSQL
QNQANLTGNTESLLEPYIRLONLNTPDLRAACTOQHSVA
FPSEDTLROLSKPHFLSTVYTTLDRVLYQLDALRQKFL
KTPAFPKLDSARHNILGIRNNVFCMARLLNHSLEIPEPT
QTDSGASRSTTTPDVFNTKIGSCGFLWGYHRFMGSVG
RVFREWDDGSTRSRROSPLRARRKGTRRIRVRHKGTR
RIRVRRKGTRRIWVRRKGSRKIRPSRSTQSPTTRA

ey
W
Uy

Human 1L-10

MHSSALLCCLVLLTGVRASPGOQGTQSENSCTHFPGNLP
NMLRDLRDAFSRVKTFFOMKDQLDNLLEKESLLEDFK
GYLGCQALSEMIQFYLEEVMPQAENQDPDIK AHVNSL
GENLKTELRERLRRCHRFLPCENKSKAVEQVENAFNKL
QEKGIYKAMSEFDIFINYIEAYMTMKIRN

Mouse 1L-10

MPGSALLCCLLLLTGMRISRGQY SREDNNCTHEPVGOS
HMLLELRTAFSQVKTFFOQTKDOLDNILLTDSLMQDBFK
GYLGCQALSEMIQFYLVEVMPQAEKHGPEIKEHILNSL
GEKLKTERMRLRRCHRFLPCENKSKAVEQVKSDENKL
OBDOQGVYKAMNEFDIFINCIEAYMMIKMES

-
¥4
P8

Human 1L-20

MKASSLAFSLLSAAFYLLWTPSTGLKTLINLGSCVIATN
LOEIRNGFSEIRGSVOAKDGNIDIRILRRTESLODTKPAN
RCCEIRHLIRLYLDRVFKNYQTPDHYTLRKISSLANSF
LTIKKDLRLCHABMTCHCGEEAMEKY SQILSHFEKLEP
QAAVVKALGELDILLOWMEETE

154

Mouse [L-20

MKGFGLAFGLESAVGFLLWTPLTGLKTLHLGSCVITAN
LOAIQKEFSEIRDSVQAEDTNIDIRI RTTESLKDIKSLD
RCCFLRHLVRFYLDRVFEKVYQTPDHHTLRKISSLANSF
LHKKDLSVCHSHMACHCGEEAMEK YNQILSHFIELELD
GAAVVKALGELGILLRWMEEML
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155

Humap [L-14

MKNQDKKNGAAKQSNPKSSPGOPEAGPEGAQERPSO
AAPAVEAEGPGSSOAPRKPEGAQARTAQSGALRDVSE
FLSRQLEDILSTYCVDNNQGGPGEDGAQGEPAEPEDAE
KSRTYVARNGEPEPTPVVNGEKEPSKGDPNTEEIRQSD
EVGDRDHRRPQEKKK AKGLGKEITLLMQTLNTLSTPE
EKLAALCKKYAELLEEHRNSOKOMELLOKKQSQLVO
EKDHLRGEHSKAVLARSKLESLCRELQRHNRSLKEEG
VOQRAREEEEKRKEVTSHFOVTLNDIQLOMEQHNERNS
KLRQENMELAERLKKLIEQYELREEHIDK VFKHKDLQ
QOLVDAKLQQAQEMLEEAEERHQREKDFLLKEAVES
ORMCELMKQQETHLKQOLALYTEKFEEFONTLSKSSE
VFTTFKQEMEKMTKKIKKLEKETTMYRSRWESSNKAL
LEMAEEKTVRDKELEGLQVKIQRLEKLCRALQTERND
LNKRVQDLSAGGOGSLTDSGPERRPEGPGAQAPSSPRY
TEAPCYPGAPSTEASGOQTGPQEPTSARA

156

Mouse [1L.-14

MKNODKKNGPAKHSNSKGSPGQREAGPEGAHGRPRO
TAPGAEAEGSTSQAPGKTEGARAKAAQPGALCDVSEE
LSROLEDILSTYCVDNNOGGPAEEGAQGEPTEPEDTEK
SRTYAARNGEPEPGIPVVNGEKETSKGEPGTEEIRASDE
VGDRDHRRPOEKKKAKGLGKEITLLMQTLNTLSTPEE
KLAALCKKYABLLEEHRNSOKQMKLLOKKOSOLVOE
KDHLRGEHSKAVLARSKLESLCRELOQRHNRSLKEEGY
QRAREEEEKRKEVTSHPQOVTLNDIQLOMEQHNERNSK
LROQENMELAERLKKLIEQYELREEHIDK VFKHKDLGQ
OLVDAKLOQAQEMLKEAEERHOREKEFLLKEAVESQR
MCELMKQOBTHLROQLALY TBKFEEFQNTLSKSSEVE
TTFKQEMEKMTKKIKKLEKETTMYRSRWESSNKALLE
MAEBKTVRDKELEGLOVKIQRLEKLCRALOTERNDLN
KRVQDLTAGGITDIGSERRPEATTASKEQGVESPGAGP
ASSPRATDAPCCSGAPSTGTAGQTGPGEPTPATA
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Humagp [L-16

MESHSRAGEKSRESAKFRSISRSLMUCNAKTSDDGRSPD
EKYPDPFEISLAQGKEGIFHSSVOLADTSEAGPSSVPDL
ALASEAAQLOAAGNDRGKTCRRIFFMKESSTASSREKP
GRLEAQSSNFLFPKACHQRARSNSTSVNPYCUTREIDEP
MTKKSAAPTDRQPYSLCSNRKSLSQOQLDCPAGKAAGT
SRPTRSLSTAQLVOPSGGLOASVISNIVEMKGOAKGLG
FSIVGGKDSIYGPIGIYVKTIFAGGAAAADGRLOQEGDE!
LELNGESMAGLTHODALQKFKOQAKKGLLTLTVRTRLT
APPSLCSHLSPPLCRSLSSSTCITKDSSSFALESPSAPIST
AKPNYRIMVEVSLOKEAGYVGLGIGLCSVPYFQCISGIFY
HTLSPGSYAHLDGRLRCGDEIVEISDSPVHCLTINEVYT
ILSHCDPGPVPHVSRHPDPQVSEQQLKEAVAQAVENTK
FOGKERHQWSLEGVERLESSWHGRPTLEKEREKNSAPP
HRRAQKVMIRSSSDSSYMSGSPGGSPGSGSAEKPSSDY
DISTHSPSLPLAREPVVLSIASSRLPQESPPLPESRDSHPP
LREKKSFEIVRKPMSSKPKPPPRKYFKSDSDPOKSLEER
ENSSCSSGHTPPTCGOEARELLPLLLPOEDTAGRSPSAS
AGCPGPGIGPOTRSSTEGEPGWRRASPVTQTSPIKHPLL
KRQARMDYSFDTTAEDPW VRISDCIKNLFSPIMSENHG
HMPLOPNASLNEEEGTQGHPDGTPPRKLDTANGTPKVY
KSADSSTVKKGPPVAPKPAWFRQSLKGLRNRASDPRG
LPDPALSTOPAPASREHLGSHIRASSSSSSIRORISSFETY
GSSQLPDKGAQRLSLOPSSGEAAKPLGKHEEGRFSGLL
GRGAAPTLVPOQPEQVLSSGSPAASEARDPGVSESPPP
GROPNQKTLPPGPDPLLRELSTQAEESQGPVLKMPSQR
ARSFPLTRSQSCETKLLDEKTSKLYSISSOVSSAVMKSL
LCLPSSISCAQTPCIPKEGASPTSSSNEDSAANGSAETSA
LDTGFSLNLSELREYTEGLTEAKEDDDGDHSSLQSGOS
VISELSSEELKKLIFEEVEKVLDEATLKQLDGIHVTILHKEE
GAGLGFSLAGGADLENKVITVHRVEPNGLASQEGTIGK
GNEVLSINGKSLEGTTHHDALAILROQAREPRQAVIVIR
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KLTPEAMPDLNSSTDSAASASAASDYSVESTAEATVCT
VTILEKMSAGLGFSLEGOKGSLHGDRPLTINRIFKGAAS
EQSETVOPGDEILOLGOTAMQGLTRFEAWNIIKALPDG
PYTIVIRRKSLOSKETTAAGDS

158 Mouse H.-16 MEPHGHSGKSRESTKIRSISRSLILCNAKTSDDGSSPDE

KYPDPFETSLCQGKEGFFHSSMQLADTFEAGLSNIPDL
ALASDSAQLAAAGSDRGKHCRKMFFMKESSSTSSKEK
SGKPEAQSSSFLFPK ACHORTRSNSTSVNPY SAGEIDFP
MTKKSAAPTDROPYSLOSNRKSLSQOLDYPILGTARPT
RSLSTAQLGQLSGGLOASVISNIVLMKGQAKGLGFSIV
GGKDSIYGPIGIYVKSIFAGGAAAADGRLQEGDEILELN
GESMAGLTHODALOKFKOQAKKGLLTLTVRTRLTTEPS
LCSHLSPPLCRSLSSSTCGAQDSSPFSLESPASPASTAKP
NYRIMVEVSLKKFAGVGLGIGLCSIPYFOCISGIFVHTL
SPGSVAHLDGRLRCGDEIVEINDSPVHCLTLNEVYTILS
HCDPGPVPIIVSRHPDPQVSEQOLKEAVAQAVEGVKFG
KDRHOWSLEGVKRLESSWHGRPTLEKEREKHSAPPFHR
RAQKIMVRSSSDSSYMSGSPGGSPCSAGAEPQPSEREG
STHSPSLSPGEEQEPCPGVPSRPQOESPPLPESLERESHP
PLRLKKSFEILVRKPTSSKPKPPPRK YFKNDSEPQKKLE
EKEKVTDPSGHTLPTCSOETRELLPLLLOEDTAGRAPC
TAACCPGPAASTQTSSSTEGESRRSASPETPASPGKHPL
LKROARMDYSFDITAEDPW VRISDCIKNLFSPIMSENHS
HTPLOPNTSLGEEDGTOGCPEGGLSKMDAANGAPRVY
KSADGSTVKKGPPVAPKPAWFROSLKGLRNRAPDPRR
PPEVASAIOPTPVSRDPPGPOPQASSSIRORISSFENFGSS
QLPDRGVQRLSLQPSSGETTKFPGKQDGGRFSGLLGQG
ATVTAKHROTEVESMSTTFPNSSEVRDPGLPESPPPGO
RPSTKALSPDPLLRLLTTQSEDTQGPGLKMPSQRARSFP
LTRTQSCETKLLDEKASKLYSISSQLSSAVMKSLLCLPS
SVSCGOITCIPKERYVSPK SPCNNSSAAEGFGEAMASDTG
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FSLNLSELREYSEGLTEPGETEDRNHCSSOQAGQSVISLL
SAEFLEKLIEEVR VLDEATLKOLDSIHVTILHKEEGAGL
GFSLAGGADLENKVITVHRVFPNGLASQEGTIQKGNEY
LSINGKSLKGATHNDALAILRQARDPROAVIVTRRTTV
EATHDLNSSTDSAASASAASDISVESKEATVCTVTLEK
TSAGLGFSLEGGKGSLHGDKPLTINRIFKGTEQGEMVQ
PGDEILQLAGTAVQGLTRFEAWNVIKALPDGPVTIVIR
RTSLQCKQTTASADS

159

Human IL-17

MTPGKTSLVSLLLLLSLEAIVEAGITIPRNPGCPNSEDK
NEPRTVMVNLNIHNRNTNTNPEKRSSDYYNRSTSPWNL
HRNEDPERYPSVIWEAKCRHLGCINADGNVDYHMNSY
PIGQEILVLRREPPHCUPNSFRLEKILVSVGCTCVTPIVHH
VA

160

Mouse IL-17

MSPGRASSVSLMELLLLLSLAATVKAAAIIPGSSACPNTE
ARDFLONVEVNLEVINSLGAKVSSRRPSDYLNRSTSPE
WILHRNEDPDRYPSVIWEAQCRHQRCYVNAEGKLDHH
MMNSVLIQOQEILVLEREPESCPFTFRVEKMLVGVGCTCY
ASIVRQAA

161

Human C154

MIETYNQTSPRSAATGLPISMKIFMYLLTVFLITOMIGS
ALFAVYLHRRLDKIEDERNLHEDFVEMEKTIORCNTGER
SLSLLNCEEIKSOQFEGFVKDIMLNKEETKEKENSFEMQK
GDONPOIAAHVISEASSKTTSVLOWAEKGYYTMSNNL
VTLENGEQOQLTVERQGLYYIYAQVTFCSNREASSQAPHI
ASECTKSPGRFERILLRAANTHSSAKPCGQOSIHLGOGVE
ELOPGASVEVNVTDPSQVSHGTGFTSFGLLKL

162

Mouse CD154

MIETYSQPSPRSVATGLPASMKIFMYLLTVFLITQMIGS
VEFAVYLHRRLDKVEEEVNLHEDFVFIKKLKRCNKGE
GSLSLENCEEMRROFEDLVKDITLNKEEKKENSFEMQR
GDEDPOIAAHVVSEANSNAASVLOWAKKGYYTMESN
LVMLENGKQLTVKREGLYYVYTQVTFCSNREPSSQRP
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FIVGLWILEKPSSGSERILLKAANTHSSSQLCEQOQSVHLG
GVFELQAGASVEVNVTEASQVIHRVGFSSFGLLKL

163 Human LT-beta MGALGLEGRGGRLOGRGSLLEAVAGATSLVTLLILAVP

ITVLAVLALVPQDQGGLVTETADPGAQAQQOGLGFQKL
PEEEPETDLSPGLPAAHLIGAPLKGOGLGWETTKEQAF
LTSGTQFSDAEGLALPQDGLY YLYCLVGYRGRAPPGG
GDPOGRSVTLRSSLYRAGGAYGPGTPELLLEGAETVTP
VLDPARRQGYGPLWYTSVGFGGLVQLRRGERVY VNIS
HPDMVDFARGKTFFGAVMVG

164

Mouse LT-beta

MGTRGLOGLGGRPOGRGCLLLAVAGATSLVTLLLAVP
ITVLEAVLEALVPODOGRRVEKHGSGAQAQKRLDDSKPS

CILPSPSSLSETPDPRLHPQRSNASRNLASTSQGPVAQSS
REASAWMTILSPAADSTPDPGVOQOLPKGEPETDLNPEL
PAAHEIGAWMSGQGLSWEASGEEAFLRSGAQFSPTHG
LALPODGVYYLYCHVGYRGRTPPAGRSRARSLTLRSA

LYRAGGAYGRGSPELLLEGAETVTPVVDPIGYGSLWY

TSVGFGGLAQLRSGERVYVNISHPDMVDYRRGKTFFG

AVMVG

165

Human TNF-alpha

STESMIRDVELAEEALPKKTGGPOGSRRCLFLSLEFSFLE
VAGATTLFCLLHFGVIGPOREEFPRDLSLISPLAQAVRS
SSRTPSDEKPVAHVVANPOAEGOLOWLNRRANALLAN
GVELRDNQLVVPSEGLYLIYSQVLEKGQGCPSTHVLLT
HTISRIAVSYQTKVNLLSAIKSPCORETPEGAEAKPWYE
PIYLGGVFQLEKGDRLSAEINRPDYLDFAESGOVYFGIE
AL

166

Mouse TNF-alpha

NHOVEEQLEWLSQRANALLANGMDLKDNOQLVVPAD
GLYLVYSQVLFKGOQGUPDYVLLTHTVSRFAISYQEKY
NLLSAVKSPCPKDTPEGAELKPWYEPIYLGGVFQLEKG
DOLSAEVNLPKYLDFAESGOVYFGVIAL

Hurman TNF-beta

MTPPERLFLPRVCGTTLHLLLLGLLLVLLPGAQGLPGY
GLTPSAAQTARQHPKMHL AHSTLKPAAHELIGDPSKON
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SLLWRANTDRAFLODGESLSNNSLLVPTSGIYFVYSQV
VESGKAYSPKATSSPLYLAHEVQLFSSQYPFHVPLLSSQ
KMVYPGLOQEPWLHSMYHGAAFQLTQGDOLSTHTDGE
PHEVLSPSTVFFGAFAL

MEYASDASLDPEAPWPPAPRARACRVEPWALVAGLLL
LLLEAAACAVFLACPWAVSGARASPGSAASPRLREGP
HLSPDDPAGLLDLROGMFAQLVAQNVLLIDGPLSWYS
DPGLAGVSLTGGLSYKEDTKELVVAKAGVYYVFFQLE
LRRVVAGEGSGSVSLALHLOPLRSAAGAAALALTVDL
PPASSEARNSAFGFQORLLHLSAGORLGVHEHTEARAR
HAWGQLTQGATVLGLFRVTPEIPAGLPSPRSE

MBOHTLDVEDTADARHPAGTSCPSDAALLRDTGLLAD
AALLSDTVRPTNAALPTDAAYPAVNVRDREAAWPPAL
NFCSRHPKLYGLVALVLIUITTAACVPIFTRTEPRPALTIT
TEPNLGTRENNADOGVTPVSHIGCPNTTOQGSPVFAKLL
AKNQASLCNTTENWHSQDGAGSSYLSQGLRYEEDKK
ELVVDSPGLYYVFLELKLSPTFINTGHKVQGWYSLYL
OAKPOVDDFDNLALTVELFPCSMENKLVDRSWSQLLL
LKAGHRLSVGLRAYLHGAQDAYRDWELSYPNTTSFGL
FLYKPDNPWE

AVLTOKQKEQHSVLHLVPINATSKDDSDVTEVMW(P
ALRRGRGLOAQGYGVRIQDAGVYLLYSQVLFQDVTET
MGOQVVSREGQGROQETLFRCIRSMPSHPDRAYNSCYSA
GVFHLHOQGDH SVHPRARAKLINLSPHGTFLGFVEKL

WO 2021/207669

168 Homan 4-1BBL
169 Mouse 4-1BBL
170 Homan APRIL

171 Mouse APRIL

MPASSPGHMGGSVREPALSVALWLSWGAVLGAVTICA
VALLIQQTELQSLRREVSRLORSGGPSQKQGERPW(SL
WEQSPDVLEAWKDGAKSRRRRAVLTOKHKKKHSVLH
LVPVNITSKADSDVTIEVMWQPVLRRGRGLEAQGDIVR
VWDTCGIYLLYSOVLIFHDVTFTMGOVVSREGOGRRETL
FRCIRSMPSDPRRAYNSCYSAGVFHLHOQGDHTVKIPRA
NAKLSLSPHGTFLGFVKL
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172 Human CD70 MPEEGSGCSVRRRPYGCVLRAALVPLVAGLVICLYVCI
QRFAQAQQQLPLESLGWDVAELQLNHTGPQODPRLY
WOGGPALGRSFLHGPELDK GQLRIHRDGIYMVHIQVT
LAICSSTTASRHHPTTLAVGICSPASRSISLLRLSFHQGC
TIASQRLTPLARGDTLCTNLTGTLLPSRNTDETFFGVQ
WVRP

173 Mouse CD70 MPEEGRPCPWVRWSGTAFQROWPWLLLVVEITVECC
WHFHCSGLLSKQQORLLERPEPHTABLQENLTVPRKDPT
LRWGAGPALGRSFTHGPELEEGHLRIHODGLYRLHIQY
TLANCSSPOGSTLOHRATLAVGICSPAAHGISLLRGRFGQ
DCTVALOQRLTYLVHGDVLCTNLTLPLLPSRNADETFFG
VOWICP

174 Human CD153 MDPGLOOALNGMAPPGDTAMHVPAGSVASHLGTTSR
SYFYLTTATLALCEVEFTVATIMVLVVQRTRSIPNSPRN
VPLKGGNCSEDLLCILERAPFEKSWAYLOVAKHINKT
KESWNKDGHLHGVRYQDGNLVIQFPGLYFHCQLQFLY
QCPNNSVDLKLELLINKHIKKQALVTVCESGMOQTKHY
YONLSQFLLDYLOVNTTISVNVDTFQYIDTSTFPLENVL

SIFLYSNSD
175 Mouse CD153 MEPGLQOAGSCGAPSPDPAMOVOPGSVASPWRSTRP
WRSTSRSYFYLSTTALVCLVYVVAVAULVLVVOKEKDSTP

NTTEKAPLKGGNCSEDLFCTLKSTPSKKSWAYLOVSK
HLNNTKLSWNEDGTIHGLIYQODGNLIVQFPGLYFIVCQ
LOFLVQCSNHSVDLTLQLLINSKIKKQTLVTVCESGVQ
SKNIYONLSQFLLHYLQVNSTISVRYDNFQYVDTNTFP
LDNVLSVFLYSSSD

176 Human CD178 MOQGPFNYPYPQIYWVDSSASSPWAPPGTVLPCPTSVPR
RPGORRPPPPPPPPPLPPPPPPPPLPPLPLPPLKEKRGNHST
GLCLLVMFFMVLVALVGLGLGMFQLFHLOQKELAELRE
STSOMHTASSLEKOQIGHPSPPPEKKELRKVAHLTGKSN
SRSMPLEWEDTYGIVLLSGVEYEKGGLVINETGLYFY
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YSEVYFRGOSONNLPLSHKVYMRNSKYPOQDLVMMEG
EMMSYCTTGOMWARSSYLGAVENLTSADHLYVNVSE
LSLVNFEESQTFFGLYKL

MQOPMNYPCPQIFWVDSSATSSWAPPGSVEPCPSCGPR
GPDORRPPPPPPPVSPLPPPSQPLPLPPLTPLKKKDHNTN
LWLPVVEFMVLVALVGMGLGMYQLFHLOKELAELRE
FTNQSLKVSSFEKQIANPSTPSEKKEPR SVAHLTGNPHS
RSIPLEWEDTYGTALISGVKYKKGGLVINETGLYFVYS

KVYFRGOSCNNOQPLNHKVYMRNSKYPEDLVLMEEKR
LNYCTTGQIWAHSSYLGAVFNLTSADHL Y VNISQLSLI

NFEESKTFFGLYKL

MTLHPSPITCEFLFSTALISPKMCLSHLENMPLSHSRT(
GAQRSSWKLWLFCSIVMLLFLCSFSWLIFIFLOLETAKE
PCMAKFGPLPSKWOMASSEPPCVNKVYSDWKRKLEHL QNG
EYLIYGOQVAPNANYNDVAPFEVRLYKNKDMIQTLTNK
SKIQNVGOGTYELHVGDTIDLIFNSEHOQVLKNNTYWGIL
LANPQFIS

MEEMPLRESSPOQRAERCKKSWLLCIVALLLMELLCSLGT
LIYTSLKPTAIESCMVKFELSSSKWHMTSPKPHCVNTTS
DGKLKILOSOGTYLIYGOVIPVDKKYIKDNAPFVVQOIYK
KNDVLOTLMNDFQILPIGGVYELHAGDNIYLEFNSKD
HIQKTNTYWGHLMPDLPFIS

MEESVVRPSVEVYDGQTDIPFTRELGRSHRRQSCSVARY
GLGLLLLLMGAGLAVOGWFLLOLHWRLGEMVTRLED
GPAGSWEQLIQERRSHEVNPAAHLTGANSSLTGSGGPL
LWETQLGLAFLERGLSYHDGALVVTKAGYYYIYSKVQL
GOGVGCPLGLASTITHGLYKRTPRYPEELELLVSQQSPC
GRATSSSRYWWDSSFLGGVVHLEAGEKVVVRVLDER
LVRLRDGTRSYFGAFMY

WO 2021/207669

177 Mouse CD178
178 Human GITRL
179 Mouse GITRL
180 Human LIGHT
181 Mouse LIGHT

MESVVOPSVFVVDGOTDIPFRRLEQNHRRRRCGTVQOVY
SLALVLLLGAGLATQOWFLLRLHORLGDIVAHLPDGG
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KGSWEELIQDQRSHOANPAAHLTGANASLIGIGGPLL
WHEIRLGLAFLRGLTYHDGALVIMEPGYYYVYSKVQL
SGVGCPOQGLANGLPITHGLYKRTSRYPKELELLVSRRS
PCGRANSSRYWWDSSFLGGYVHLEAGEEVVVRVPGN
RLVRPRDGTRSYFGAFMY

Human OX40L

MERVQPLEENVGNAARPRFERNKLLI VASVIOQGLGLL
LCFTYICLHFSALQVSHRYPRIQSIKVOFTEYKKERGFIL
TSQKEDEIMKVQONNSVINCDGFYLISLKGYFSQEVNIS
LHYQKDEEPLFOQLKEKVREVNSLMVASLTYKDKVYLN
VITDNTSLDDFHVNGGELILIHONPGEFCVL

183

Mouse (X40L

MEGEGVQPLDENLENGSRPRFKWKKTLRLVVSGIKGA
GMLLCFIYVCLQLSSSPAKDPPIQRLRGAVTRCEDGQL
FISSYRNEYQTMEVQNNSVVIKCDGLYRYLEGSFFQEY
KIBLAFREDHNPISIPMENDGRRIVEFTVVASLAFKDKVY
LTVNAPDTLCEHLQINDGELIVVQLTPGYCAPEGSYHS
TVNQVP

184

Human TALL-1

MDDSTEREQSRLTSCLKKREEMKLKECVSILPRKESPS
VRSSKDGKLLAATLLLALLSCCLTVVSFYQVAALQGD
LASLRAELOGHHAEKLPAGAGAPKAGLEEAPAVTAGL
KIFEPPAPGEGNSSONSRNKRAVQGPEETVTQDCLQLI
ADSETPTIQKGSYTFVPWLLSFKRGSALEEKENKILVKE
TGYFFIYGQVLYTDKTY AMGHLIORKK VHVFGDELSL
VTLFRCIQNMPETLPNNSCYSAGIAKLEEGDELGQLAIPR
ENAQISLDGDVTFFGALKLL

Mouse TALL-1

MAMAFCPKDQYWDSSRKSCVSCALTCSQRSQRTCTDF
CKFINCRKEQGRYYDHLLGACVSCDSTCTOHPQQCAH
FCEKRPRSQANLQPELGRPQAGEVEVRSDNSGRHQGS

EHGPGLRLSSDOLTLYCTLGVCLCAIFCCFLVALASFLR
RRGEPLPSQPAGPRGSQANSPHAHRPVTEACDEVTASP
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QPVETCSFCPPHRSSPTQESAPRSLGIHGFAGTAAPQPC
MRATVGGLGVLRASTGDARPAT

186 Human TRAIL MAMMEVQGGPSLGOTCVLIVIFTVLLOSLCVAVTYVY

FINELKOMODKYSKSGIACFLKEDDSYWDPNDEESMN
SPCWOVKWOLROLVRKMILRTSEETISTVOEKQQNISP
LVRERGPORVAAHITGTRGRSNTLSSPNSKNEKALGRK
INSWESSRSGHSFLENLHLRNGELVIHEKGFYYIYSQTY
FRFQEEIKENTEKNDKOMVOQYIYKYTSYPDPILLMEKSAR
NSCWSKDAEYGLYSIYQGGIFELKENDRIFVSVTNEHRLI
DMDHEASFFGAVLVG

Mouse TRAIL

MPSSGALKDLSFSQGHFRMMVICIVLLOVLLOAVSVAVT
YMYFITNEMKOQLQDNYSKIGLACFSKTDEDFWDSTDGE
ENRPCLOVERQLYQLIEEVTLRTFODTISTVPEKQLSTP
PLPRGGRPOKVAAHITGITRRSNSALIPISKDGKTEGGKL
ESWESSRKGHSFLNHVLFRNGELVIEQEGLYYIYSQTY
FREQEAEDASKMVYSKDKVRTKQLVOYIYKYTSYPDPIL
VEMESARNSCWSRDAEYGLYSIYQGGLFELKKNDRIF
VSVTNEHLMDBLDQEASFFGAFLIN

Human TWEAK

MAARRSQRRRGRRGEPGTALLVPLALGLGLALACLGL
LLAVVSLGSRASLSAQEPAQERL VAEEDQDPSELNPQT
BFESQDPAPFLNRLVRPRRSAPKGREKTRARRAIAAHYEY
HPRPGODGAQAGVDGTVSGWEEARINSSSPLRYNRQE
GEFIVIRAGLYYLYCOQVHFDEGKAVYLKLDLLVDGVL
ALRCLEEFSATAASSLGPQLRLCOVSGLLALRPGSSLR]
RTLPWAHI KAAPFLTYFGLFQVH

189

Mouse TWEAK

MASAWPRSLPQILVLGFGLVLMRAAAGEQAPGTSPCS
SGSSWSADLDKCMDCASCPARPHSDEFCLGCAAAPPAH
FRLLWPILGGALSLVLVLALVSSFLVWRRCRRREKFTT
PIEETGGEGCPGVALIOQ

190

Human TRANCE

MRRASRDYTKYLRGSEEMGGGPGAPHEGPLHAPPPPA
PHOPPAASRSMFVALLGLGLGOVVCSVALFFYFRAQM
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DSCRRIKQAFQGAVOKELOHIVGSQHIRAEKAMVYDGS
WLDLAKRSKLEAQPFAHL TINATDIPSGSHKVSLSSWY
HPRGWAKISNMTEFSNGKELIVNQDGFYYLYANICFRHH
ETSGDLATEYLOQLMVYVTIKTSIKIPSSHTLMKGGSTKY
WSGNSEFHFYSINVGGHFFKLRSGERISIEVSNPSLLDPDOQ
DATYFGAFKVRDID

191

Mouse TRANCE

MRRASRDYGK YLRSSEEMGSGPGVPHEGPLHPAPSAT
APAPPPAASRSMFLALLGLGLGQVVCSIALFLYFRAQM
DPNRISEDSTHCFYRILRLHENADLODSTLESEDTLPDS
CRRMEKOQAFQGAVOQKELQHIVGPQRFSGAPAMMEGSW
LDVAQRGKPEAQPFAHLTINAASIPSGSHKVTLSSWYH
DRGWAKISNMTLSNGKLRVNGDGFY YLY ANICFRHHE
TRGIVPTDYLOLMVYVVKTSIKIPSSHNLMKGGSTKN
WSGNSEFHFYSINVGGFFKLRAGEEISIQVSNPSLLDPD
ODATYFGAFKVODID

192

Human TGF-betal

MPPSGLRLLELLIPLLWLLVLTPGRPAAGLSTCKTIDM
ELVKRKRIBAIRGOILSKLRLASPPSQGEVPPGPLPEAVL
ALYNSTRDRVAGESAEPEPEPEADYYAKEVTRVLMVE
THNEIYDKFKOSTHSIYMFENTSELREAVPEPVLLSRAE
LRULRIKEKVEQHVELYQKYSNNSWRYLSNRLELAPSD
SPEWLSFDVTGVVROWLESRGGEIEGFRLSAHCSCDSRD
NTLQVDINGFTTGRRGDLATIHGMNRPFLELMATPLER
AQHLOSSRHRRALDTNYCFSSTEKNCCVROLYIDFRKD
LOGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLAL
YNOQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQL
SNMIVRSCKCS

Mouse TGF-betal

MPPSGLRLLPLLLPLPWLLVLTPGRPAAGLSTCKTIDM

ELVKRKRIFEAIRGOQU SKLRLASPPSQGEVPPGPLPEAVL
ALYNSTRDRVAGESADPEPEPEADYYAKEVIRVLMVD
RNNAIYEKTKDISHSIYMEFFNTSDIREAVPEPPLESRAEL
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RLOQRLKSSVEOHVELYOQKYSNNSWRYLOGNRLLTPTDT
PEWLSFDVTGVVROQWLNQGDGIQGFRFSAHCSCDSKD
NEKLHVEINGISPKRRGDLGTIHDMNRPFLLLMATPLER
AQHLHSSRHRRALDTNYCFSSTEKNCCVROLYIDFRKD
LOWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLAL
YNGQHNPGASASPCCVPOALEPLPIVYYVGRKPKVEQLS
NMIVRSCKCS

194

Human TGF-beta2

MHYCVLSAFLILHLVTVALSLSTCSTLDMDQFMRKRIE
ARGQILSKLKLTSPPEDYPEPEEVPPEVISIYNSTRDLLO
EKASRRAAACERERSDEEYYAKEVYKIDMPPEFPIENA
IPPTFYRPYFRIVRFDVSAMEKNASNLVKAEFRVFRLQ
NPEARVPEQRIELYQILKSKDLTSPTOQRYIDSKVVKTRA
EGEWLSFDVTDAVHEWLHHKDRNLGFKISLHCPCCTF
VESNNYHIPNKSEELEARFAGIDGTSTYTSODOKTIKSTR
KENSGKTPHLELMULPSYRLESQQTNRRKKRALDAAY
CEFRNVODNCCLRPLYIDFKRDLOWEWIHEPKGYNANF
CAGACPYLWSSDTOHSRVESLYNTINPEASASPCCVSQ
DLEPLTILYYIGKTPKIEQLSNMIVESCKCS

195

Mouse TGF-beta2

MHYCVLSTFLLEHLVPVALSLSTCSTLDMDQFMREKRIE
AIRGOILSKLKLTSPPEDYPEPDEVPPEVISIYNSTRDILL
QEKASRRAAACERERSDEEYYAKEVYKIDMPSHLPSE
NAPPPTFYRPYFRIVRIDVSTMEKNASNLVKARFRVERL
ONPKARVAEQRIEL YOILKSKDLTSPTQRYIDSKVVKT
RAEGEWLSFDVTDAVOEWLHHKDRNLGFKISLHCPCC
TEVPSNNYHPNKSEELEARFAGIDGTSTYASGDQKTIKS
TREKTSGKTPHLLLMELUPSYRLESQOQSSRRKKRALDAA
YCFRNVOGDNCCLRPLYIDFKRDLOGWKWIHEPKGYNAN
FCAGACPYLWSSDTQHTKVLSLYNTINPEASASPCCVS
QDLEPLTILYYIGNTPKIEQLSNMIVKSCKCS

196

Human TGF-betal

MEMHLORALVVLALLNFATVSLSLSTCTTLDFGHIKK
KRVEAIRGOILSKLRLTSPPEPTVMTHVYPYQVLALYNS
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TRELLEEMHGEREEGUTQENTESEYYAKEIHKPFDMIQG
LAEHENELAVUPKGITSKVFRFNVSSVEKNRTNLFRAEF
RVLRVPNPSSKRNEQRIELFQILRPDEHIAKQRYIGGKN
LPTRGTAEWLSFDVTDTVREWLLRRESNLGLEISIHCPC
HTFQPNGDILENIHEVMEIKFKGVDNEDDHGRGDLGRL
KKOKDHHNPHLILMMIPPHRLDNPGQGGOQRKERALDT
NYCFRNLEENCCVRPLYIDFRGDLGWKWVHEPKGYY
ANFCSGPCPYLRSADTTHSTVLGLYNTLNPEASASPCC
VPODLEPLTILYYVGRTPKVEQLSNMVVKSCKCS

197 Mouse TGF-beta3 | MHLORALVVLALLNLATISLSLSTCTTLDFGHIKKKRY
EAIRGQILSKLRLTSPPEPSVMTHVPYOVLEALYNSTREL
LEEMHGEREEGCTQETSESEY YAKEIHKFDMIQGLAEH
NELAVCPKGITSKVFRFNVSSVEKNGTNLFRAEFRVLR
VENPSSKRTEQRIELFQILRPDEHIAKQRYIGGKNLPTR
GTAEWLSFDVTDTYVREWLLRRESNLGLEISIHCPCHTE
OPNGDILENVHEVMEIKFKGVDNEDDHGRGDLGRLKE
QKDHHNPHLEMMIPPHRLDSPGOQGSQRKKRALDTNY
CFRNLEENCCVRPLYIDFROQDLGWEKWVHEPKGY Y ANF
CSGPCPYLRSADTTHSTVLGLYNTLNPEASASPCCVP(
DLEPLTILYYVGRTPKVEQLSNMVYVKSCKCS

198 Human EPO MGVHECPAWLWLLLSLLSLPLGLPVEGAPPRLICDSRY
LERYLLEAKEAENITTGCABHCSLNENITVPDTKVNEY
AWKRMEVGQQAVEVWOGLALL SEAVLRGOQALLVNS
SOPWEPLOQLHVDKAVSGLRSLTTLLRALGAQKEAISPP
DAASAAPLRTITADTFRKLFRVYSNFLRGKELKLYTGEA
CRTGDR

a9 Mouse EPO MGVPERPTLLLLLSLLELIPLGLPVLCAPPRLICDSRVLER
YILEAKEAENVTMGCAEGPRLSENITVPDTKVNEFYAW
KRMEVEEQAIEVWQGLSLLSEATLQAQALLANSSQPPE
TLOLHIDKAISGLRSLTSLLERVLGAQKELMSPPDTTPPA

[y
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PLRTLTVDTFCKLFRVYANILRGKLKLYTGEVCRRGD
R

200 Human TPO MELTELLLVVMLLLTARLTLSSPAPPACDLRVLSKLLR

DSHVLHSRLSQCPEVHPLPTPVLLPAVDFSLGEWKTOM
FETKAQDILGAVTLLLEGVMAARGQLGPTCLSSLLGQL
SGQVRLLLGALQSLLGTQLPPQGRTTAHKDPNAIFLSF
QHLLRGKVRFLMLVGGSTLCVRRAPPTTAVPSRTSLVL
TLNELPNRTSGLLETNFTASARTTGSGLLKWOQQGFRAK
IPGLLNQTSRSLDQIPGYLNRIHELLNGTRGLFPGPSRRT
LGAPDISSGTSDTGSLPPNLOPGYSPSPTHPPTGQYTLER
LPPTLPTPVVQLHEPLLPDPSAPTPTPTSPLLNTSYTHSON
LSQEG

201

Mouse TPO

MELTDLLLAAMLLAVARLTLSSPVAPACDPRLLNKLL
RDSHLLHSRLSQCPDVDPLSIPVLLPAVDFSLGEWKTQ
TEQSKAQDILGAVSLLLEGVMAARGQLEPSCLSSLLGQ
LSGOVRLLLGALQGLLGTQLPLOGRTTAHKDPNALFLS
LQOLLRGKVRFLLLVEGPTLCVRRTLPTTAVPSSTSQLL
TLNKFPNRTSGLLETNFSVTARTAGPGLLSRLOGFRVKI
TPGOLNQTSRSPVQISGYLNRTHGPYNGTHGLFAGTSL
QTLEASDISPGAFNKGSLAFNLQGGLPPSPSLAPDGHTP
FPPSPALPTTHGSPPQLHPLFPDPSTTMPNSTAPHPVTM
YPHPRNLSQET

Human FLT-3L

MTIVLAPAWSPTTYLLLLLLLSSGLSGTODCSFQHSPISS
DPFAVKIRELSDYLLGDYPVTVASNLODEELCGGLWRL
VLAQRWMEREKTVAGSKMQGLLERVNTEIHFVTKCA
FOPPPSCLRFVOTNISRLLOETSEQLVALKPWITRONES
RCLELQCQPDSSTLPPPWSPRPLEATAPTAPOQPPLLLLL
LLPVGLLLLEAAAWCLHWORTRRRTPRPGEQVPPVPSP
QDLLLVEH

Mbouse FLT-3L

MTVLAPAWSPNSSLLLITLLL SPCLRGTPDCYFSHSPIS
SNEFKVEFRELTDHLLKDYPVIVAVNLODEKHCK ALW
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SEFLAQRWIEQLKTVAGSKMOTLLEDVNTEIHFVTSCT

FOPLPECLRFVOQTNISHLLKDTCTQLLALKPCIGKACGN
FSRCLEVQCQPDSSTLLPPRSPIALEATELPEPRPROLLL

PLELLEPLTLVLLAAAWGLRWQORARRRGELHPGVPLP

SHP

204

Human SCF

MEKKTOQTWILTCIYEQGLLEFNPLVKTEGICRNRVTINNVE
DVTKLVANLPEDYMITLKYVPGMDVLPSHCWISEMY
VQLSDSLTDLLDKFSNISEGLSNY SHDKLVNIVDDLVE
CVEENSSKDLKKSTKSPEPRLEFTPEEFFRIFNRSIDAFKD
FYVASETSDCVVSSTLSPEKDSRVEVTKPFMLPPYVAASS
LRNDSSSSNRKAKNPPGDSSLHWAAMALPALFSLIIGE
AFGALYWEKKRQOPSLTRAVENIQINEEDNEISMLGQEKER
EFQEV

Mouse SCF

MKKTQTWITCIYLQLLLENPLVK TKEICGNPVTDNVK
DITKLVANLPNDYMITLNYVAGMDVLPSHCWLRDMVI
QLSLSLTTLLDKFSNISEGLSNYSIDKLGKIVDDLVLCM
EENAPKNIKESPKRPETRSFTPEEFFSIFNRSIDAFKDEM
VASDTSDCVLSSTLGPEKDSRVSVTKPFMLPPVAASSL
RNDSSSSNRKAAKAPEDSGLOWTAMALPALISLVIGFA
FGALY WKKKQSSLTRAVENIQINEEDNEISMLOQKERE
FQEV

206

Human M-CSF

MTAPGAAGRCPPTTWLGSLLLLYCLLASRSITEEVSEY
CSHMIGSGHLQSLORLIDSQMETSCOITFEFVDOQEQLK
DPVCYLKKAFLLVODIMEDTMRFRDNTPNAIAIVOLOE
LSLRLKSCFTEDYEEHDKACVRTFYETPLQLLEKVENY
FNETKNLLDKDWNIFSKNCNNSFARCSSQDVVTKPDC
NCLYPKAIPSSDPASVSPHQPLAPSMAPVAGLTWEDSE
GTEGSSLLPGEQPLHTVDPGSAKQRPPRSTCQSFEPPET
PVVKDSTIGGSPQPRPSVGAFNPGMEDILDSAMGTNW
VPEEASGEASEIPVPQGTELSPSRPGGGSMQTEPARPSN
FLSASSPLPASAKGQOPADVTGTALPRVGPVRPTGOD
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WNHTPQK TDHPSALLRDPPEPGSPRISSLRPOGLSNPST
LSAQPOLSRSHSSGSVLPLGELEGRRSTRDRRSPAEPEG
GPASEGAARPLPRFNSVPLTDTGHERQSEGSFSPOLQES
VFHLLVPSVILVLLAVGGLLIYRWRRRSHOQEPQRADSP
LEQPEGSPLTQDDRQVELPY

207

Mouse M-CSF

MTARGAAGRCPSSTWLGSRLLLVCLLMSRSIAKEVSE
HCSHMIGNGHLK VLOQLIDSQMETSCQIAFEFVDQEQL
DDPVCYLKKAFFLYQDIDETMRFKDNTPNANATERLQ
ELSNNLNSCFTKDYEEQNKACVRTFHETPLQLLEKIKN
FFNETKNLLEKDWNIFTKNCNNSFAKCSSRDVVYTKPDC
NCLYPKATPSSDPASASPHQPPAPSMAPLAGLAWDDS
OQRTEGSSLLPSELPLRIEDPGSAKQRPPRSTCQTLESTEQ
PNHGDRLTEDSQPHPSAGGPVPGVEDILESSLGTNWVL
EEASGEASEGFLTQEAKFSPSTPVGGSIQAETDRPRALS
ASPFPKSTEDOQKPVDITDRPLTEVNPMRPIGQTQNNTPE
KTDGTSTLREDHOEPGSPHIATPNPORVSNSATPVAQL
LLPKSHSWGIVLPLGELEGKRSTRDRRSPAELEGGSASE
GAARPVARFNSIPLTDTGHVEQHEGSSDPQIPESVFHLL
VPGHLVLLTVGGLLEYKWKWRSHRDPOTLDSSVGRPE
DSSLTQDEDROQVELPY

208

Human MSP

MGWLPLLLLLTQCLGVPGQRSPLNDFQVLRGTELQHL
LHAVVPGPWOEDVADAEECAGRCGPLMDCRAFHYNY
SSHGCOLLPWTQHSPHTRLRRSGRCDLFQKKDYVRTCI
MNNGYGYRGTMATTVGGLPCOAWSHKFPNDHKYTPT
LRNGLEENFCRNPDGDPGGPWCYTTDPAVRFQSCGIKS
CREAACVWCNGEEYRGAVDRTESGRECQORWDLOQHPH
QHPFEPGKFLDQGLDDNYCRNPDGSERPWCY TTDPQIE
REFCDLPRCGSEAQPRQEATTVSCFRGKGEGYRGTAN
TTTAGVPCORWDAQIPHOHRFTPEK Y ACKDLRENFCR
NPDGSEAPWCFTLRPGMRAAFCYQIRRCTDDVRPQDC
YHGAGEQYRGTVSKTRKGVQCQRWSAETPHKPQFTFT
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SEPHAQLEENFCRNPDGDSHGPWCYTMDPRTPEDYCA
LRRCADDOPPSILDPPDOVOFEKCGKRVDRLDORRSKL
RVVGGHPGNSPWTVSLRNRQGOHFCGGSLVKEQWILT
ARQUCFSSCHMPLTOYEVWLGTLFONPOHGEPSLORVE
VAKMVCGPSGSOLVLLKLERSVTLNORVALICLPPEW
YVVPPGTKCHIAGWGETKGTGNDTVLNVALLNVISNG
ECNIKHRGRVRESEMCTEGLLAPVGACEGDYGGPLAC
FTHNCWVLEGIIPNRVCARSRWPAVETRVSVEVDWIH
KVMRLG

Mouse MSP

MGLPLPLLOSSLLLMLLLRLSAASTNLNWQCPRIPY AA
SRDFSVKYVVPSFSAGGRVQATAAYEDSTNSAVEVAT
RNHLHVLGPDLOFIENLTTGPIGNPGCQTCASCGPGPH
GPPKDTDTLVLVMEPGLPALVSCGSTLOGRCFLHELEP
RGKALHLAAPACLFSANNNKPEACTDCVASPLGTRVT
VVEQGHASYFYVASSLDPELAASFSPRSVSIRRLKSDTS
GFQPGFPSLSVLPK YLASYLIKY VYSFHSGDFVYFLTVQ
PISVTSPPSALHTRLVRLNAVEPEIGDYRELVLDCHFAP
KRRRRGAPEGTQPYPVLOAAHSAPVDAKLAVELSISEG
QEVLFGVFVTVKDGGSGMGPNSVVCAFPIYHLNILIEE
GVEYCCHSSNSSSLLSRGLDFFQTPSFCPNPPGGEASGP
SSRCHYFPLMVHASFTRYDLFNGLLGSVKVTALHVTR
LGNVTVAHMGTVDGRVLGVEIARSLNYLLYVSNFSLG
SSGOPVHRDVSRLGNDLLFASGDOVFK VPIOGPGCRHF
LTCWRCLRAQRFMGCGWCGDRCDRQKECPGSWQOQD
HCPPEISEFYPHSGPLRGTTRLTLCGSNFYLRPDDVVPE
GTHQITVGQSPCRLLPKDSSSPRPGSLK EFIQELECELEP
LYTQAVGTTNISLVITNMPAGKHFRVEGISVQEGFSFVE
PYLTSIKPDFGPRAGGTYLTLEGQSLSVGTSRAVLYNG
TQCRLEQVNEEQILCVTPPGAGTARVPLHLOIGGAEVP
GSWTFHYKEDPIVLDISPKCGYSGSHIMIHGQHLTSAW
HFTLSFHDGQSTVESRCAGQFVEQQQRRCRLPEY VVR
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NPOGWATONLSVWOGDGAAGRFTLPGFRFLPPPSPLRAG
LVELKPEEHSVEVEYVOLGAVADCVTVNMTVGGEVC
QHELRGDVVICPLPPSLOLGKDGVPLOVCVDGGCHILS
QVVRSSPORASQRILLIALLVLILEVAVEAVALIFNSRR
RKKOLGAHSESPTTLSDINDTASGAPNHEESSESRDGTS
VPLLRTESIRLODLDRMLLAEVKDVLIPHEQVVIHTDO
VIGKGHFGVVYHGEYTDGAQNQTHCAIKSLISRITEVQE
VEAFLREGLLMRGLHHPNILALIGIMLPPEGLPRVLLPY
MRHGDLEHFIRSPORNPTVKDLVSFGLOVACGMEYLA
EQKFVHRDLAARNCMLDESFTVKVADFGLARGVLDK
EYYSVROHRHARLPVKWMALESLQTYRFTTKSDVWS
FGVLLWELLTRGAPPYPHIDPFDLSHFLAQGRRLPQPE
YCPDSLYHVMLRCWEADPAARPTFRALVLEVEQVVA
SLLGDHYVQLTAAYVNVGPRAVDDGSVPPEQVQPSPOQ
HCRSTSKPRPLSEPPLPT

210 Linker GSSGGSGGSGG

211 Linker GGGSGGGS

212 Linker GGGSGGGSGGES

213 Linker GGGGSGGGGSGGGES

214 Linker GGGGSGGEGESGGGESGGEGSGGGES
215 Linker GGGGSGGGES

216 Linker (GGGGSIm

217 Linker GGGGSGS

218 Linker GGGGSGGGGSGHGGGSGS
219 Linker GGSLDPKGGGGS

220 Linker PKSCDKTHTCPPCPAPELLG
221 Linker SKYGPPCPPCPAPEFLG

222 Linker GRSSGSGSESKS

223 Linker GSTRGSGKSSEGKG

224 Linker GSTSGSGKSSEGSGSTKG
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225 Linker GSTSGSGKPGIGEGSTKG

226 Linker GSTSGSGKPGSSEGST

227 Linker {(GSGGS)n

228 Linker (GGGSn

229 Linker GGSG

230 Linker GGSGG

231 Linker GSGSG

232 Linker GSGGG

233 Linker GGGSG

234 Linker G8S8G

23510 | (Intentionally (Intentionally Omitied)

244 Omitted)

245 Linker GPOQGTAGQ

246to | {Intentionally (Intenticnally Omitted)

249 Omitted)

250 Linker YGAGLGW

251t0 | (Intentionally (Intentionally Omitted)

262 Omiited)

263 M APRSALAHGLF

264 CM AQNLLGMY

265 CM LSGRSDNHGGAVGLLAPP

266 CM VHMPLGFLGPGGLSGRSDNH

267 CM LSGRSDNHGGVHMPLGFLGP

268 CM LSGRSDNHGGSGGSISSGLLSS
269 CM ISSGLLSSGGSGGSLSGRIGNH
270 CM LSGRSDNHGGSGGSONGALRMA
271 CM QNCGALRMAGGSGGSLEGRSDNH
272 CM LSGRSGNHGGSGGSQNQALRMA
273 CM QNQALRMAGGSGGSLSGRSGNH
274 CM ISSGLLSGRSGNH
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275 M AVGLLAPPGGTSTSGRSANPRG
276 CM TSTSGRSANPRGGGAVGLLAPP
277 CM VHMPLGFLGPGGTSTSGRSANPRG
278 CM TSTSGRSANPRGGGVHMPLGFLGP
279 CM LSGRSGNHGGSGGSISSGLLSS
280 Cleavable Sequence | PRFIUGG

281 Cleavable Sequence | PRFRIIGG

282 Cleavable Sequence | SSRHRRALD

283 Cleavable Sequence | RKSSHIRMRDVVL

284 Cleavable Sequence | SSSFDKGKYKKGDDA

285 Cleavable Sequence | SSSFDKGKYKRGDDA

286 Cleavable Sequence | IEGR

287 Cleavable Sequence | IDGR

288 Cleavable Sequence | GGSIDGR

289 Cleavable Sequence | PLGLWA

290 Cleavable Sequence | GPOGIAGQ

291 Cleavable Sequence | GPQGLLGA

292 Cleavable Sequence | GIAGQ

293 Cleavable Sequence | GPLGIAGE

294 Cleavable Sequence | GPEGLRVG

295 Cleavabie Sequence | YGAGLGVY

296 Cleavable Sequence | AGLGVVER

297 Cleavable Sequence | AGLGISST

298 Cleavable Sequence | EPOALAMS

299 Cleavable Sequence | QALAMSAL

300 Cleavable Sequence | AAYHLVSQ

301 Cleavable Sequence | MDAFLESS

302 Cleavable Sequence | ESLPVVAY

303 Cleavable Sequence | SAPAVESE

304 Cleavable Sequence | DVAQFVLT
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308 Cleavable Sequence | VAQFVLT
306 Cleavable Sequence | VAGQFVLTE
307 Cleavable Sequence | AQFVLTEG
308 Cleavable Sequence | PYQPIGP(Q
369 IFN-02b-1204dL~ METDTLILWVLLLWVPGSTGCDLPQTHSLGSRRTLML
hig(G4 LAQMRRISLFESCLKDRHDFGFPOQEEFGNQFQKAETIPVL
HEMIQQIFNLFSTKDSSAAWDETLLDKFYTELYQOQLND
LEACVIQGVGVTETPLMKEDSILAVRKYFOQRITLYLKE
KEKYSPCAWEVVRAEIMRSFSLSTNLQESLRSKESGRED
NIGGGSESKYGPPCPPCPAPEFLGGPSVFLFPPKPKDTL
MISRTPEVTCYVYDVSQEDPEVOFNWYVDGVEVHNA
KTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NEKGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMTKNQ
VSLTCLYVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSRLTVDESRWOQQGNVFSCSVMHEALHNHYT
QKSLSLS
310 IFN-g-1204dL~ ATGGAAACCGACACACTGCTGCTGTGGOTGCTGCTT
higG4 TTGTGGGTGCCAGGATCCACAGGCTGTGATCTGCCT
{polynucleotide) CAAACGCATTCATTGGGGTCCAGGCGCACGCTTATG

TTIGCTTGCACAGATGAGGAGAATATCACTTTTCTCTT
GCTTGAAGGACCGCCACGATTTTGGCTTITCCGCAGG
AAGAGTTCGGTAACCAGTTCCAAAAGGCAGAGACA
ATCCCCOGTTTTGCATGAGATGATCCAACAGATCTTTA
ACCTGTTTTCAACCAAGGATAGCAGCGLCAGCGTGHG
ATGAGACACTGCTTGACAAGTTTTACACCGAGCTCT
ATCAGCAACTTAATGATCTCGAAGCCTGUGTAATTC
AAGGAGTAGGCOTTACAGAGACACCTTTGATGAAGG
AGGATTCCATCCTTGCAGTAAGAAAATACTTCCAGA
GGATCACCCTCTACCTCAAAGAAAAGAAATACTCCC
CATGCGCGTGGOAAGTAGTGCGAGCTGAAATAATGC
GOAGCTTTTCTTTGTCAACTAATCTCCAAGAATCTICT
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GAGAAGCAAGGAGTCAGGTAGGTCTGATAATATCG
GGGGAGGTTCTGAATCTAAGTACGGCCCTCCTTGTC
CTCCATGTCCTGCTCCAGAGTTTCTCGGAGGCCCCTC
COTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCOTG
ATCGATCAGCAGAACCCCTGAAGTGACCTGCGTGGTG
GTCGACGTTTCACAAGAGGACCCCGAGGTGCAGTTC
AATTGGTACGTGGACGGCGTGGAAGTGCACAACGCC
AAGACCAAGCCTAGAGAGGAACAGTTCAACAGCAC
CTACAGAGTGGTGTCCGTGCTGACCGTGCTGCACCA
GGATTGGCTGAACGGCAAAGAGTACAAGTGCAAGG
TOTCCAACAAGGGCCTGCCTAGCAGCATCGAGAAAA
CCATCAGCAAGGCCAAGGGCCAGCCAAGGGAACCC
CAGGTTTACACACTGCCACCTAGCCAAGAGGAAATG
ACCAAGAACCAGGTGTCCCTGACCTGCCTGGTCAAG
GGCTTTTACCCCTCCGATATCGCCGTGGAATGOGGAG
AGCAATGGCCAGCCTGAGAACAACTACAAGACCAC
ACCTCCTGTGCTGGACAGCGACGOCTCATICTTCCTG
TACAGCAGACUTGACCGTGOACAAGAGCAGATGGCA
GCAGGGCAACGTGTTCAGCTGCAGCGTGATGCACGA
GGUCCTGCACAACCACTACACCCAGAAGTCTCOTGAG
CCTGAGCTGA

IFN-a2b-1490DN}-
higG4

METDTLLLWYLLLEWVPGSTGCDLPQTHSLGSRRTLML
LAQMRRISLFSCLKDRHDFGFPQEEFGNQFQKAETIPVL
HEMIQOQIFNLFSTKDSSAAWDETLLDKFYTELYQQLND
LEACVIQGVGVTETPLMKEDSILAVREYFQRITLYLKE

KKYSPCAWEVVRAEBIMRSFSLSTNLOESLRSKEISSGLL
SGRSDNIGGGSESKYGPPCPPCPAPEFLGGPSVELFPPKP
KETLMISRTPEVTCVVVYDVSQEDPEVOINWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEYK

CEVSNKGLPSSIEKTISKAKGOPREPQVYTLPPSQEEMT
KNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPP
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VLDSDGSFFLYSRLTVDKSRWOQOQGNVESCSVMHEALH
NHYTQKSLSLS

312

TFN-a2b-1490DNI-
higG4

{polynucleotide)

ATGOAAACCGACACACTGCTGCTGTGGHTGUTGCTT
TTOTGGGTGCCAGGATCCACAGGCTGTGATCTGCCT
CAAACGCATTCATTGOGGTCCAGGCGCACGCTTATG
TTGCTTGCACAGATGAGGAGAATATCACTTTITCTCTT
GCTTGAAGGACCGCCACGATTTTGGCTTTCCGLAGG
AAGAGTTCGGTAACCAGTTCCAAAAGGCAGAGACA
ATCCCCOTTTTGCATGAGATGATCCAACAGATCTTTA
ACCTGTTTTCAACCAAGGATAGCAGCGUAGUGTGGE
ATGAGACACTGCTTGACAAGTTTTACACCGAGCTCT
ATCAGCAACTTAATGATCTCGAAGCCTGCGTAATTC
AAGGAGTAGGCGTTACAGAGACACCTTTGATGAAGG
AGGATTCCATCCTTGCAGTAAGAAAATACTTCCAGA
GGATCACCCTCTACCTCAAAGAAAAGAAATACTCCC
CATGCGCGTGGOAAGTAGTGCGAGCTGAAATAATGC
GGAGCTTTTCTTTGTCAACTAATCTCCAAGAATCTCT
GAGAAGCAAGGAGATTAGTTCTGGCCTGCTGTCAGG
TAGGTCTGATAATATCGGOGGGAGGTTCTGAATCTAA
GTACGGCCCTCCTTGTCCTCCATGTICCTGUTCCAGAG
TTTCTCGGAGGCCCCTCCGTGTTCOTGTITICCTCCAA
AGCCTAAGGACACCCTGATGATCAGCAGAACCCCIG
AAGTGACCTGCGTGGTGGTCGACGTTITCACAAGAGG
ACCCCGAGGTGCAGTTCAATTGGTACGTGGACGGCG
TGCGAAGTGCACAACGCCAAGACCAAGCCTAGAGAG
GAACAGTTCAACAGCACCTACAGAGTGOGTGTICCGTG
CTGACCGTOCTGCACCAGOGATTGGCTGAACGGCAAA
GAGTACAAGTGCAAGGTGTCCAACAAGOGGCCTGCCT
AGCAGCATCGAGAAAACCATCAGCAAGGCCAAGGG
CCAGCCAAGGGAACCCCAGOTTTACACACTGCCACC
TAGCCAAGAGGAAATGACCAAGAACCAGGTGTCCCT
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GACCTGCCTGOGTCAAGGGCTITTACCCCTOCGATATC
GCCGTGOGAATGGGAGAGCAATGGCCAGCCTGAGAA
CAACTACAAGACCACACCTCCTGTGCTGGACAGCGA
COGGUTCATTCTTCCTOTACAGCAGACTGACCGTGOA
CAAGAGCAGATOGCAGCAGGGCAACGTGTTCAGCT
GCAGCGTGATGCACGAGGCCCTGCACAACCACTACA
CCCAGAAGTCTCTGAGCCTGAGCTGA

ProC440 without

signal sequence

CDLPOQTHSLGSRRTLMELLAQMRRISEFSCLKDRHDFGF
POEEFGNQFOQKAETIPVLHEMIQOIFNLFSTKDSSAAW

DETLLDKFYTELYQQLNDLEACVIQGVGVTETPLMKE
DSILAVREKYFOQRITLYLKEKKYSPCAWEVVRAEIMRSF
SLETNLOESLRSKESGRSDNICPPCPAPEFLGGPSVELFP
PKPKDTLMISRTPEVICYVVVDVSQEDPEVOFNWYVDG
VEVHNAKTEPREEQFNSTYRVVSVLTVLHODWILNGK

EYKCKVSNKGLPSSIEKTISKAKGOPREPQVYTLPPSQE
EMTENOVSLTCLVEKGFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLY SRETVDKSRWQOGNVESCSVMHE

ALHNHYTQKSLSLS

3i4

PROCHST first
monomer {(knob
mutation) without

sigonal sequence

CDLPOQTHSLGSRRTLMLUAQMRRISLFSCLKDRHDFGF
POEEFGNOQFQRAETIPVLHEMIQOIFNLFSTKIDISSAAW
DETLLDKFYTELYQOLNDLEACVIQGVGVTETPLMKE
DSILAVREYFORITLYLKEKKYSPCAWEVVRAEIMRSE
SLSTNLOQESLRSKESGRSDNICPPCPAPEFEGGPSVELEP
PKPKDTLMISRTPEVTCVVVDVSQEDPEVOFNWY VDG
VEVHNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGK
EYKCKVSNKGLPSSIEKTISKAKGOPREPQVYTLPPCQE
EMTENQVSLWCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLY SRLTVDKSRWOQEGNVESCSVMHE
ALHNHYTQESLSLSLG

(98]
e
L

human IgG Fe with

a knob mutation

CPPCPAPEFEGGPSVFLFPPKPKDTLMISRTPEVTCVVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREEGEFNSTY
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RVVSVLTVLHQDWLNGKEYKCEKVENKGLPSSIEKTISK
AKGOPREPOVYTLPPCQEEMTKNQVSLWCLVKGEYPS
PIAVEWESNGOPENNYKTTPPYLDSDGSFFLYSRLTVD
KSRWQEGNVESCSVMHEALHNHYTQKSLSLSLG

316

human IgG Fo with

a hole mutation

CPPCPAPEFEGGPSVELFPPKPKDTLMISRTPEVTCOVVY
DVSQEDPEVOFNWYVDGVEVHNAKTKPREEQFNSTY
RVVSVLTVLHODWENGKEYKCKVSNKGLPSSIEKTISK
AKGOPREPQVCTLPPSQEEMTKNOQVSLSCAVKGEYPS
DIAVEWESNGOPENNYKTTPPVLDADGSFFLVSRLTVD
KSRWQEGNVESCSVMHEALHNRFTOKSLSLSLG

stub moiety

SDNE

Linker

GSSGGS

Lanker

ESKY

ProC286 without

signal sequence

ESKYGPPCPPCPAPEFLGGPSVELFPPKPKDTLMISRTPE
VICYVVDVSQEDPEVOFNWYVDGYVEVHNAKTKPREE
QFNSTYRVVSVLTVLHODWLNGKEYKCKVSNKGLESS
IERKTISKAKGOPREPOQVYTLPPSQEEMTKNGQVSLTCLY
KGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY
SRLTVDKSRWOQOQONVESCSYVMHEALHNHYTORSLSLS
SGGGOGSGRSDNIGGOGSCDLPOTHSLGSRRTEMULAGM
RRISLEFSCLKDRHDFGFPOQEEFGNQFOQKAETIPVLHEMI
QOIFNLFSTKDSSAAWDETLLDKFYTELYQOLNDLEAC
VIQGVGVTETPLMEEDSILAVRKYFORITLYLKEKKYS
PCAWEVVRAEIMRSFSLSTNLQESLRSKE

(%)
N
s

Linker

SGGG

(9%}
P2
]

PROCE57 second
monomer (hole
mutation) without

signal sequence

SDNICPPCPAPEFEGGPSVELFPPRPEKDTLMISRTPEVTC
VVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFN
STYRVVSVLTVLHODWLNGKEYRKCKVSNKGLPSSIEK
TISKAKGQPREPOVCTLPPSQEEMTKNOVSLSCAVKGF
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YPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVSRL
TVDKSRWOEGNVFSCSVMHEALHNRFTQKSLSLSLG

323 PROE5YS sequence | COLPOTHSLGSRRTLMLLAQMREKISLFSCLKDRHDFEGF

without signal

sequence

PQEEFGNOQFQKAETIPVLHEMIQQIFNLFTTKDSSAAW
DEDLLDKFCTELYQOLNDLEACVMOQEERVGETPLMN
VDSILAVKKYFRRITLYLTEKK YSPCAWEVVRAEIMRS
LSLSTNLQERLRRKELSGRSDNICPPCPAPEFLGGPSVFL
FPPKPKDTLMISRTPEVTCYVVVDVSQEDPEVOFNWYV
DGVEVHNAKTEPREEQFNSTYRVVSVLTVLHQDWLN
GKEYKCK VSNKGLPSSIEK TISKAK GQPREPQV YTLPPS
QEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLYSRLTVDKSRWQQGNVFSCSVM
HEALHNHYTGQKSLSLS

324 Universal [FN- CDLPOTHSLGSRRTLMLLAQMRKISLFSCLEDRHDFGF
alpha A/D sequence | PQEEFGNQFQKAETIPVLHEMIQQIFNLFTTKDSSAAW
DEDLLDKFCTELYQOLNDLEACVMOEERVGETPLMN
VDSILAVKK YFRRITLYLTEKK YSPCAWEVVRAEMRS
LSLSTNLQERLRRKE
325 Interferon beta, MSYNLLGFLQRSSNFQCQKLLWQLNGRLEYCLKDRM
Chain A, human NFDIPEEIKQLQQFQKEDAALTIYEMLONIF AIF
(1AU1) RODSSSTGWNETIVENLLANVYHGQINHLKTVLEEKLEK
EDFTRGKLMSSLHLKRYYGRILHYLKAKEYSH
CAWTIVRVEILKNFYFINRLTGYLRN
326 IFNB_CHICK MTANHOQSPGMHSILLLLLLPALTTTFSCNHLRHODANT

J90873.1

SWKSLQLLONTAPPPPQPCPQQDVTFPFPETL
LKSKDKKQAAITTLRILQHLENMLSSPHTPKHWIDRTR
HSLLNQIQHYIHHLEQCFVNQGTRSQRRGPRN
AHLSINK YFRSIHNFLOHNNY SACTWDHVRLOARDCF
RHVDTLIQWMKSRAPLTASSKRLNTQ
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42
I}
~3

IFNA3_CANLF
097945 1

MALPCSFSVALVLLSCHSLCCLACHLPDTHSLRNWRY
LTLLGOMRRLSASSCDHYTTDFAFPKELFDGQOR
LOEAQALSYVHVMTOKVFHLFCTNTSSAPWNMTLLEE
LCSGLSEQLDDLDACPLOEAGLAETPEMHEDST
LRTYFQRISLYLOQDRNHSPCAWEMVRAEIGRSFFSLTIL
QERVRRRK

328

IFN_ANAPL

PS1526.1

MPGPSAPPPPAIYSALALLLLLTPPANAFSCSPLRLHES
AFAWDSLQLLRNMAPSPTQPCPQQHAPCSFP
DTLLDTNDTQOAAHTALHLLOHLFDTLSSPSTPAHWL
HTARHDLLNQLOHHIHHLERCFPADAARLHRRG
PRNLHESINKYFGCIQHFLONHTYSPCAWDHVRLEAH
ACFOQRIHRLTRTMR

IFNAH BOVIN
P49878.1

MAPAWSFLLALLLLSCNAICSLGCHLPHTHSLPNRRVL
TLLRQLRRVSPSSCLODRNDFAFPOEALGGSQ
LOKAQAISVLHEVTOHTFQLFSTEGSAAAWDESLLDKL
RAALDQOLTDLQACLRQEEGLRGAPLLKEDAS
LAVRKYFHRLTLYLREKRHNPCAWEVVRAEVMRAFS
SSTNLOERFRRKD

IFNAT CHICK
P42165.1

MAVPASPQHPRGYGILLLTLLLKALATTASACNHLRPQ
DATFSHDSLOLLRDMAPTLPQLCPQHNASCSF
NDTILDTSNTRQADKTTHDILQHLFKILSSPSTPAHWND
SQROSLLNRIHRY TQHLEQCLDSSDTRSRTR
WPRNLHLTIKKHFSCLHTFLODNDYSACAWEHVRLQA
RAWFLHIHNLTGNTRT

52
52
o

IFNA FELCA
P35849.1

MALPSSFLVALVALGUNSVCSLGCDLPOTHGLLNRRA
LTLLGOMRRLPASSCQKDRNDFAFPODVEGGDQ
SHKAQALSVVHVTNQKIFHFFCTEASSSAAWNTTLLEE
FCTGLDROLTRLEACVLOQEVEEGEAPLTNEDI
HPEDSILRNYFORLSLYLQEKKYSPCAWEIVRAEIMRSL
YYSSTALQKRLRSEK
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MANKCILOQIALLMCESTTALSMSYDVLRYQQRSSNLA
COKLLGOLPGTPOYCLEDRMNFEVPEEIMOQPPRG
FOKEDAVLIHEMLOQQIFGILRRNFSSTGWNETVIKTILY
ELDGOMDDLETILEEIMEEENFPRGDMTIL
HEXKKYYLSILQYLKSKEYRSCAWTVVOVEILRNFSFLN
RETDYLRN

MTHRCLLOMVLLLCFSTTALSRSYSLLRFQOQRRSLALC
QKLLROLPSTPOQHCLEARMDFQMPEEMKQAQQ
FOKEDAILVIYEMLOOQIFNILTRDFSSTOWSETHEDLLE
ELYEGMNHLEPIQRKEIMQOQKONSTMGDTTVL
HERKYYFNLVQYLKSKEYNRCAWTVVRVQILRNFSFL
TRLTGYLRE

CDLPOTHSLGSRRTLIMLLAGMRRISLFSCLKDRHDEGE
POEEFGNQFQKAETIPVLHEMIQOIFNLESTK
DSSAAWDETLLDKFYTELYQOLNDLEACVIOGVGVTE
TPLMNEDSILAVRKYFOQRITLYLKEKKYSPCAW
EVVRAEIMRSFSLSTNLOESLRSKE

TNLOESLRSKESGGHG

CDLPGTHSLGSRRTLMLELAQMRRISLFSCLEKDRHDFGE
POEEFGNQFOKAETIPVLHEMIQQIFNLFSTKDSSAAWD
ETLLDKFYTELYQOQLNDLEACVIQGVGVTETPLMKEDS
IEAVRKYFORITLYLKEKKYSPCAWEVVRAEIMRSFSLS
RSDNICPPCPAPEFLGGPSVE
LFPPKPKDTLMISRIPEVTCVVVDVSQEDPEVOFNWY YV
DGVEVHNAKTKPREEQFNSTYRVVSVLTVLHODWLN
GKEYKCKVSNKGLPSSIEKTISKAKGQPREPOVYTLPPS
QEEMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNY
KTTPPVLDSDGSFFLY SRLTVDKSRWQOQGNVESCSVMHE
HALHNHYTOQKSLSLS

332 interferon-beta-1
[Sus scrofa]
AAA3ZIOS6.1

333 IFNB2_BOVIN
PO1576.1

334 A Chain A,
INTERFERON-
ALPHA 2B 1RH2

335 Linker

336 ProC288 without
signal sequence

337 ProC289 without
signal sequence

CDLPOTHSLGSRRTEMLLAQMRRISLFSCLKDRHDEGE
POEEFGNQFQKAETIPVLHEMIQOIFNLESTKDSSAAW
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DETLLDKFYTELYQOLNDLEACVIQGVGVTETPLMKE
DSHAVREYFQRITLYLKEKKYSPCAWEVVRAEIMRSEH
SLSTNLQESLRSKESGOGGSGRSDNIGPPCPPCPAPEFL
GGPSVELFPPKPKDTLMISRTPEVTCVVVDVSQEDPEY
QFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKGLPSSIEKTISKAKGOPREPQ
VYTLPPSQEEMTKNQVSLTCLVKGFYPSDHAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSRLTVDKSRWQOQGNY
FSCSYMHEALHNHYTOKSLSLS

338 ProC290 without

signal sequence

CDLPOTHSLGSRRTLMLLAQMRRISLFSCLKDRHDEGE
POEEFGNQFQKAETIPVLHEMIQQIFNLFSTKDSSAAW
DETLLDKFYTELYQOLNDLEACVIQGVGVTETPLMKE
DSILAVRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSF
PEFLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSQED
PEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLT
VLHODWLNGKEYKCKVSNKGLPSSIEK TISKAKGQPR
EPQVYTLPPSQEEMTKNGQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLY SRLTVDKSRWQO
GNVFSCSVMHEALHNHYTQKSLSLS

93]
Wi
O

ProC291 without

sigonal sequence

CDLPGTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGF
POQEEFONQFOKAETIPVLHEMIQQIFNLFSTKDSSAAW
DETLLDKFYTELYOQQLNDLEACVIQOGVGVTETPLMKE
DSILAVRKYFOQRITLYLKEEKYSPCAWEVVRAEIMRSF
SLSTNLQESLRSKESGGGGSGRSDNIGGGSESKYGPPCP
PCPAPEFLGGPSVFLFPPKPKDTLIMISRTPEVICVYVVDY
SQEDPEVOFNWYVDGVEVHNAKTRPREEQFNSTYRY
VSVETVLHODWLNGKEYKCKVSNKGLPSSIEKTISKAK
GOPREPQVYTLPPSQEEMTKNQVSLTCLVEGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSR
WOOONVESCSVMHEALHNHYTQRSLSLS
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340 ProC441 without CDLPOTHSLGSRRTEMLLAQMRRISLFSCLKDRHDEGE

signal sequence

POEEFONQFOKAETIPVLHEMIGQGIFNLESTKDSSAAW
DETLLDKFYTELYQQLNDLEACVIQGVGVTETPLMKE
DSILAVRKYFQRITLYLKEKKYSPCAWEVVRAEIMRSF
SLSTNLOESLRSKESGRSDNIGPPCPPCPAPEFLGGPSVE
LFPPKPKDTLMISRTPEVICVVVDVIQEDPEVOFNWYY
DGVEVHNA

341

ProC442 without

signal sequence

CDLPOQTHSLGSRRTLMELLAQMRRISEFSCLKDRHDFGF
POEEFGNQFOQKAETIPVLHEMIQOIFNLFSTKDSSAAW
DETLLDKFYTELYQQLNDLEACVIQGVGVTETPLMKE
DSILAVREKYFOQRITLYLKEKKYSPCAWEVVRAEIMRSF
SLETNLOESLRSKESGRSDNIESKYGPPUPPCPAPEFLGG
PSVFLFPPKPKDTLMISRTPEVICVVVDVSQEDPEVQEN
WYVDOVEVHENAKTEKPREEQFNSTYRVVSVLTVLHOD
WLNGKEYKCKVSNKGLPSSIEKTISKAKGOQPREPQVYT
LPPSOEEMTKNQVSLTCLVKGFYPSDIAVEWESNG(PE
NNYKTTPPVLDSDGSFFLY SRLTVDKSRWQOQGNVESC
SVMHEALHNHYTQKSLSLS

ProC443 without

signal sequence

CDLPOQTHSLGSRRTLMLUAQMRRISLFSCLKDRHDFGF
POEEFGNOQFQRAETIPVLHEMIQOIFNLFSTKIDISSAAW
DETLLDKFYTELYQOLNDLEACVIQGVGVTETPLMKE
DSILAVREYFORITLYLKEKKYSPCAWEVVRAEIMRSE
SLSTNLQESLRSKESGRSDNIGGGSESKYGPPCPPCPAP
EFLGGPSVFLIFPPKPKDTLMISRTPEVTCVVVDVSQEDP
EVOFNWYVDGVEVHENAKTKPREEQFNSTYRVVSVLT
VEHOQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGOPR
EPOVYTLPPSQEEMTRKNQVSLTCLVKGFYPSDIAVEWE
SNGOPENNYKTTPPVLDSDGSFFLY SRLTVDKSRWQO
GNVESCSVMHEALHNHYTOQKSLSLS

343

Signal sequence

MRAWIFFLLCLAGRALA

344

Signal sequence

MALTFALLVALLVLSCKSSCSVG
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345 Stgoal sequence METDTLLLWVLLLWYPGSTG

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description 18 intended to illustrate
and not limit 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 mature cytokine protein (CP1), 2
first cleavable moiety (CM1), and a first dimerization domain (DD,

wherein the CM1 is positioned between the CP1 and the BD1; 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 1s positioned between the CP2 and the DD2; or

(a) the first monomer construct comprises a first mature cytokine protein (CP1), a
first dimerization domain (BD1), and

{(b) the second monomer construct comprises a second mature cytokine protein
{CP2), a cleavable moiety (CM), and a second dimerization domain (BD2), wherein the
CM 1s positioned between the CP2 and the DD2, wherein the CM functions as a substrate
for a protease; or

{a) the first monomer construct comprises a first mature cytokine protein (CP1), a
cleavable moiety {CM), and a first dimerization domain {(DD1), wherein the CM is
positioned between the CP1 and the DD, and

(b) the second monomer construct comprises a second mature cytokine protein
(CP2), and a second dimerization domain (DD2),

wherein the CM functions as a substrate for a protease; or

(a) the first monomer construct comprises a first mature cytokine protein (CP1),
and a first dimerization domain (DD1), and

{b}) the second monomer construct comprises a second mature cytokine protein
(CP2}, and a second dimerization domain (DD2), wherein the CP1, the CP2, or both CP1
and CP2 include(s} an amino acid sequence that functions as a substrate for g protease;

further wherein (c) the DI} and the 1332 bind each other thereby forming a dimer

of the first monomer construct and the second monomer construct; and
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further wherein (d) 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.

2.

s

=k

The ACC of claim 1, wherein the first monomer construct comprises a first

polypeptide that comprises the CP1, the CM1, and the DD1.

The ACC of any one or combination of claim 1 or 2, wherein the second
monomer consiract comprises a second polypeptide that comprises the CP2, the

M2, and the DD2.

The ACC of any one or combination of claims 1-3, wherein the DD and the DD2
are a pair selected from the group consisting of: a pair of Fc domains, a sushi
domain from an alpba chain of human H.~15 receptor (IL.15Ra) and a soluble [L-
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 SNAP25, an antigen-binding domain and an

epitope.

The ACC of claim 4, wherein the DD and the DD2 are a pair of Fe domains.

The ACC of clairs 5, wherein the pair of Fc domains is a pair of human Fe

domains.

The ACC of claim 6, wherein the human Fc domains are human IgG1 Fe
domains, human 1gG2 Fe domains, human IgG3 Fe domains, or human IgG4 Fe

domains.

The ACC of claim 7, wherein the human Fc domains are human [g(G4 Fe

domains.
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10.

11

oy
[SM]

14.

16.

17.

The ACC of claim 8, wherein the human Fe domains comprise a sequence that is
at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to SEQ 1D NO:

3, SEQ IDNO: 315, or SEQ ID NO: 316,

The ACC of claim 9, wherein the human F¢ domains comprise a sequence that is

at least 90% identical to SEQ D NO: 3, SEG ID NG: 315, or SEQ ID NO: 316.

The ACC of claim 10, wherein the buman Fe domains comprise SEQ 1D NO: 3,

SEQ ID NO: 315, or SEQ IBD N{O: 316,

The ACC of any one or combination of claims 1-3 and 5-11, wherein the DD

and the DD2Z are the same.

The ACC of claim 4, wherein DD1 comprises an antigen-binding domain and

D32 comprises a corresponding epitope.

The ACC of claimn 13, wherein the antigen-binding domain 15 an anti-His tag

antigen-binding domain and wherein the DDZ comprises a His tag,

The ACC of claim 13, wherein the antigen-binding domain is a single chain

variable fragment {scFv}).

The ACC of claim 13, wherein the antigen-binding domain is a single domain

antibody {sdAb).
The ACC of claim 1, wherein at least one of DD1 and DD2 comprises a

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

polypeptide polymer and a small molecule.
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18

19.

21

)

23.

24.

The ACC of claim 17, wherein DD1 and D2 comprise non-polypeptide

polymers covalently bound to each other.

The ACC of claimn 18, wherein the non-polypeptide polymer is a sulfur-containing
polyethylene glycol, and wherein DD and DBD2 are covalently bound to each

other via one or more disulfide bonds.

The ACC of claim 17, wherein at ieast one of DD1 and DD2 comprises a small

molecule.

The ACC of claim 20, wherein the small molecule is biotin.

The ACC of claim 20, wherein DD comprises biotin and DD2 comprises an

avidin.

The ACC of any one or combination of claims 1-22, 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, OSM, CD154, LT-B, TNF-a, TNF-B, 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,
M-CSF, and MSP.

The ACC of any one or combination of claims 1-23, wherein the CP1 and the CP2

are the same.

The ACC of any oue or combination of claims 1-23 wherein the CP1 and the CP2

are different.

The ACC of any one or combination of claims 1-23, wherein the CP1 and/or the

CP2 is/are an interferon.
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29,

30,

33

38.

The ACC of claim 26, wherein the CP1 and the CP2 are an interferon,

The ACCT of claim 26, wherein the CP1 and the CP2 are the same interferon.

The ACC of claim 26, wherein the CP1 or the CP2 s an interferon.

The ACC of any one or combination of claims 26-30, wherein the interferon(s)

is/are a human wildtype mature interferon.

The ACC of any one or combination of claims 26-31, 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 32, wherein the interferons 18/are an interferon-alpha.

The ACC of claim 33, 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 34, wherein the interferon(s) i8/are interfercn alpha-2b.

The ACC of claim 35, wherein the CP1 and/or CP2 comprises a sequence that is

at least 80% identical to SEQ IDNG: 1.

The ACC of claim 36, wherein the CP1 and/or CP2 comprises a sequence that is

at least 90% identical to SEQ ID NG 1.

The ACC of claim 37, wherein the CP1 and/or CP2 comprises a sequence of SEQ

IDNO: L
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40.

41.

44

47.

The ACC of claim 32, wherein the interferon s an interferon beta.

The ACC of claim 39, wherein the interferon beta is selected from the group

consisting of interferon beta-la, and interferon beta-1h.

The ACC of any one of claims 1-40, wherein the CP1 and/or the CP2 comprises

an IFab domain.

The ACC of claim 41, wherein the CP1 and/or the CP2 comprises an interfeukin.

The ACC of claim 42, wherein the interleukin is selected from the group
consisting of 1IL-Tor, H.-18, H-1RA, 1L-18, IL-2, 114, 1L-7, 1L-9, [L-13 11.-13,
-3, TL-5 16, JL-11) HL-12, 1L-10, TL-20, TL-14, IL-16, and 1L-17.

The ACC of any one or combination of claims 1-43, wherein the UM 1 and/or the

CM2 comprise a total of about 3 amino acids to about 15 amino acids.

The ACC of any one or combination of claims 1-44, wherein the CM1 and the

CM2 comprise substrates for differeut proteases.

The ACC of any one or combination of claims 1-44, wherein the CM1 and the

CM2 comprise subsirates for the same protease.

The ACC of any one or combination of claims 1-46, wherein the protease(s) is/are
selected from the group consisting of: ADAMSE, ADAMS, ADAMI0, ADAMI1Z,
ADAMIS, ADAMIT/TACE, ADAMDECE, ADAMTSE, ADAMTS4,
ADAMTSS, BACE, Renin, Cathepsin D3, 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, KLK3, KLK6, KLK7, KLK8, KLK10, KEX1TT, KLK13, KLK14, Meprin,
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49

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, FVHa, FIXa, FXa, FXla, FX1la, Elastase,
Granzyme B, Guanidinobenzoatase, HirAl, human neutrophil lyase, lactoferrin,
marapsin, NS3/4A, PACE4, Plasmin, PSA tPA, thrombin, tryptase, uPA,
DESCH, DPP-4, FAP, Hepsin, Matriptase-2, MT-SP1/Matripase, TMPRSSZ,
TMPRSS3, and TMPRSS4.

The ACC of claim 47, wherein the protease(s) is/are selected from the group
consisting of: uPA, legumain, MT-SP1, ADAM17, BMP-1, TMPRSS3,
TMPRES4, MMP-2, MMP-9, MMP-12, MMP-13, and MMP-14.

The ACC of claim 47, wherein the CM1 and/or the CM2 comprise a sequence
selected from the group consisting of: LSGRSDNH (SEQ 1D NG: 5),
TGRGPSWV (SEQ ID NO: 6), PLTGRSGG (SEQ ID NO: 7), TARGPSFK (SEQ
ID NO: 8), NTLSGRSENHSG (SEQ 1D NG: 9), NTLSGRSGNHGS (SEQ 1D
NO: 10}, TSTSGRSANPRG (SEQ ID NO: 1), TSGRSANP (SEQ ID NO: 123,
YHMPLGFLGP (SEQ ID NO: 13}, AVGLLAPP (SEQ 1D NG 14),
AQNLLGMYV (SEQ ID NO: 15), QNQALRMA (SEQ ID NO: 16), LAAPLGLL
(SEQ D NO: 17), STEPEGMEF (SEQ 1D NQO: 18), ISSGLLSS (SEQ 1D NGO 19),
PAGLWLDP (SEQ ID NO: 20), VAGRSMRP (SEQ ID NO: 21), VVPEGRRS
(SEQ B NO: 22), HPRSPAF (SEQ ID NO: 23), MVLGRSLL (SEQ ID NG: 24),
QGRAITFI(SEQ ID NO: 25), SPRSIMLA (SEQ ID NO: 26), SMLRSMPL
(SEQ ID NO: 27), ISSGLLSGRSDNH (SEQ 1D NO: 28),
AVGLLAPPGGLSGREDNH (SEQ 1D NO: 29},
ISSGLLSSGGSGGSLSGRSDNH (SEQ ID NO: 30), LSGRSGNH (SEQ ID NO:
313, SGRSANPRG (SEQ 1D NGO 32), LSGRSDERH (SEQ 1D N 33),
LSGREDIH (SEG ID NO: 34), LSGRSDQH (SEQ ID NO: 353, LSGRSDTH
(SEQ 13 NO: 36y, LSGRSDYH (SEQ 1D NO: 37y, LSGRSDNP (SEQ I NO:
38), LSGRSANT (SEQ 1D NO: 39), LSGRSANI (SEQ ID NO: 40), LSGRSDNI
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(SEQ ID NO: 41), MIAPVAYR {SEQ ID NO: 42), RPSPMWAY (SEQ ID NO:
43}, WATPRPMR (SEQ ID NO: 44), FRLLDWQW (SEQ ID NO: 45), ISSGL
(SEQ D NO: 46), ISSGLLS (SEQ ID NO: 47), ISSGLL (SEQ ID NO: 48),
ISSGLLSGRSANPRG (SEQ ID NO: 49), AVGLLAPPTSGRSANPRG (SEQ ID
NO: 50}, AVGLLAPPSGRSANPRG (SEQ ID NO: 51), ISSGLLSGRSDDH
(SEQ ID NO: 52), ISSGLLSGRSDIH (SEQ ID NO: 53), ISSGLLSGRSDGQH
(SEQ ID NO: 54), ISSGLLSGRSDTH (SEQ ID NO: 55), ISSGLLSGRSDYH
(SEQ ID NO: 56), ISSGLLSGRSDNP (SEQ ID NO: 57), ISSGLLSGRSANP
(SEQ ID NO: 58), ISSGLLSGRSANI (SEQ ID NO: 59),
AVGLLAPPGGLSGRSDDH (SEQ ID NO: 60), AVGLLAPPGGLSGRSDIH
(SEQ ID NO: 61}, AVGLLAPPGGLSGRSDQH (SEQ ID NO: 62),
AVGLLAPPGGLSGRSDTH (SEQ ID NO: 63), AVGLLAPPGGLSGRSDYH
(SEQ ID NO: 64), AVGLLAPPGGLSGRSDNP (SEQ ID NO: 65),
AVGLLAPPGGLSGRSANP (SEQ ID NO: 66), AVGLLAPPGGLSGRSANI
(SEQ ID NO: 67), ISSGLLSGRSDNI (SEQ ID NO: 68),
AVGLLAPPGGLSGRSDNI (SEQ ID NO: 69), GLSGRSDNHGGAVGLLAPP
(SEQ D NO: 70), GLSGRSDNHGGVHMPLGFLGP (SEQ [D NO: 71),
LSGRSDNHGGVHMPLGFLGP (SEQ ID NO: 72), ISSGLSS (SEQ ID NO: 73),
PYGYTSSL (SEQ ID NO: 74), DWLYWPGH (SEQ 1D 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),
RMHLRSLG (SEG ID NO: 81), LLAPSHRA (SEQ ID NO: 82), GPRSFGL
(SEQ ID NO: 83), GPRSFG (SEQ ID NO: 84), SARGPSRW (SEQ ID NO- §5),
GGWHTGRN (SEQ ID NO: 86), HTGRSGAL (SEQ ID NO: 87), AARGPAIH
(SEQ ID NO: 88), RGPAFNPM (SEQ ID NO: 89), SSRGPAYL (SEQ ID NO:
90), RGPATPIM (SEQ ID NO: 91), RGPA (SEQ ID NO: 92), GGQPSGMWGW
(SEQ ID NO: 93), FPRPLGITGL (SEQ ID NO: 94), SPLTGRSG (SEQ ID NO:
953, SAGFSLPA (SEQ ID NO: 96), LAPLGLORR (SEQ ID NO: 975,
SGGPLGVR (SEQ ID NO: 98), PLGL (SEQ ID NO: 99), and SGRSDNI (SEQ
ID NO: 100).



WO 2021/207669 PCT/US2021/026675

4
&

(4
Pt

(9]

-t

58.

The ACC of claim 47, wherein the CM1 and/or the CMZ2 comprises a sequence
selected from the group consisting of: ISSGLLSGRSDNH (SEQ ID NO: 28),
LEGRSDDH (SEQ D NO: 33, ISSGLLSGRSDOH (SEQ 1D NG: 54),

SGRSDNI (SEQ ID NO: 100}, and ISSGLLSGRSDNI (SEQ 1D NO: 68},

The ACC of any one or combination of claims 1-50, wherein the CM1 and/or the

CM2 comprises a sequence selected from SEQ 1D Nos: 5-100 and 263-308.

The ACC of any one or combination of claims 1-51, wherein the protease(s) is/are

produced by a tumor in a subject.

The ACC of claim 52, wherein the subject has been diagnosed or identified as

having a cancer.

The ACC of any one or combination of claims 1-53, wherein the CP1 and the

CM1 directly abut each other 1 the first monomer construct.

The ACC of any one or combination of claims 1-54, wherein the CM1 and the

DD directly abut each other in the first monomer construct.

The ACC of any one or combination of claims 1-55, wherein the P2 and the

CM2 directly abut each other in the second monomer construct.

The ACC of any one or combination of claims 1-56, wherein the CM2 and the

D2 divectly abut each other in the second monomer construct.

The ACC of any one or combination of claims 1-537, wherein the first monomer

construct comprises at least one linker,
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60.

61

62.

[}
43

64.

[o
i

66.

67,

63,

The ACC of claim 58, wherein the at least one linker is a linker L1 disposed
between the CP1 and the CM1 and/or a linker L2 disposed between the CM1 and
the DT

The ACC of claim 59, wherein the second monomer construct comprises at least

one linker.

The ACC of claim 60, wherein the at least one linker is a linker 1.3 disposed
between the CP2 and the CM2 and/or & linker L4 disposed between the CM2 and

the DD2.

The ACC of claim 61, wherein the first monomer construct comprises a linker L1

and the second monomer construect comprises a linker L3

The ACC of claim 62, wherein L.1 and L3 are the same.

The ACC of claim 63, wherein the second monomer construct comprises a linker

L2 and the second monomer construct comprises a linker 14

The ACC of claim 64, wherein L2 and L4 are the same.

The ACC of claim 65, wherein each linker has a total length of | amino acid to

about 15 amino acids.

The ACC of claim 66, wherein each linker has a total length of at least S amino

acids.

The ACC of any one or combination of claims 1-67, wherein the first monomer
construct comprises at least one linker, wherein each linker is independently
selecied from from the group consisting of GSSGGSGGSGG (SEQ 1D NG 210y,
GGGS (SEG ID NO: 23, GGGSGGGS (SEQ 1D NO: 211y, GGGSGGGSGGES
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69.

70.

71

(SEQ ID NO: 212y, 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); and GSTSGSGKPGSSEGST (SEQ ID NO: 2206).

The ACC of claim 68, wherein the linker comprises a sequence of GGGS (SEQ

D NO: 2).

The ACC of any one or combination of claims 1-69, wherein the first monomer
construct, comprises in a N- to U~ terminal direction, the CP1, the CM1, and,

linked directly or indirectly to the C-terminus of the CM 1, the DD1.

The ACC of any one or combination of claims 1-70, wherein the first polypeptide
comprises in g C- to N-terminal direction, the CP1, the CM1, and, linked directly

or indirectly to the N-terminus of the CM 1, the DD1.

The ACC of any one or combination of claims 1-71, wherein the second
polypeptide comprises in a N- to C-terminal direction, the CP2, CM2, and, linked

directly or indirectly to the C-terminus of the UM2, the DIX2.
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74.
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76.

78,

79.

30.

The ACC of any one or combination of claims 1-72, wherein the second
polypeptide comprises in a C- to N-terminal direction, the CP2, CMZ2, and, linked

directly or indirectly to the CM2, the DD2.

The ACC of claim 70, wherein the first monomer construct comprises, in the N-
to C-terminal direction, the CP1, the CM1, and the DD, wherein the CP1 and the
CM 1 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 consiruct is the same as the first monomer 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 74, wherein CP1 i3 an interferon.

The ACC of claim 75, wherein CP1 is an interferon-alpha.

The ACC of any one or combination of claims 1-76, wherein the at least one CP1
and/or CP2 activity is a binding affinity (Kp) of the CP1 and/or the CP2 for its

cognate receptor as determined using surface plasmon resonance.

The ACC of any one or combination of claims 1-70, wherein the at least one CP1

and/or CP2 activity is a level of proliferation of lymphoma cells.

The ACC of any one or combination of claims 1-6, wherein the at least one
CPland/or CP2 activity is a level of JAK/STAT/ISGE3 pathway activation in a

lymphoma cell.

The ACC of any one or combination of claims 1-76, wherein the at least one

activity is a level of SEAP production in a lyruphoma cell.

i
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81

&3,

84.

86.

o0
~1

The ACC of any one or combination claims 1-80, wherein the ACC is
characterized by at least a 20-fold reduction in at least one CP1 and/or CP2

activity as compared to the control level,

The ACC of claim &1, wherein the ACC is characterized by at least a S0-fold

reduction in at least one CP1 and/or CP2 activity as compared to the control level.

The ACC of claim 82, wherein the ACC is characterized by at least a 100-fold
reduction in at least one activity of the CP1 and/or CP2 as corapared to the control

fevel.

The ACC of claim 83, wherein the ACC is characterized by at least a 500-fold

reduction in at least one CP1 and/or CP2 activity as compared to the controf level.

The ACC of any one or combination of claims 1-84, wherein the control level of
the at least one activity of the CP1 and/or CP2, is the activity of the CP1 and/or

CP2 in the ACC following exposure of the ACC to the protease(s).

The ACC of any one or combination of claims 1-84, wherein the control level of
the at least one CP1 and/or CP2, is the corresponding CP1 and/or CP2 activity of

a corresponding witdtype mature cytokine.

The ACC of any oue or combination of claims 1-86, 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 CP2.

The ACC of claim &7, wherein the at least one activity of the CP1 and/or CP2 is

anti-proliferation activity.
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39.

90.

91.

O
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94,

9s.

The ACC of claim 88, wherein the control level is an EC50 value, and wherein
ratio of EC30 {cleavage product) to EC50 {(control level) 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 5, or less than about 4, or less than about 3, or less than about 2, or

less than about 1.5,

A coroposition comprising an ACC of any one or combination of claims 1-89.

The composition of claim 90, wherein the composition is a pharmaceutical

compaosition,

A container, vial, syringe, injector pen, or kit comprising at lgast one dose of the

composition of claim 90 or 91

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 1-89 or the composition of claims 90 or 91.

The method of claim 93, wherein the subject has been identified or diagnosed as

having a cancer.

The method of claim 94, wherein the cancer is a lymphoma, solid tumor,
hematological tumor, sarcoma, osteosarcoma, glioblastoma, neuroblasioma,
melanoma, rhabdomyosarcoma, Ewing sarcoma, osteosarcoma, B-cell neoplasms,
multiple myelora, B-cell lymphoma, B-cell non-Hodgkin’s lymphoma,
Hodgkin’s ivmphoma, chronic lymphocytic leukemia {CLL), acute myeloid
leukemia (AML), chronic myeloid leukemia (CML), acute lymphocytic leukemia
{ALL), myelodysplastic syndromes (MIDS), cutaneous T-cell lymphoma,
retinoblastoma, bladder cancer, stomach cancer, urothelial carcinoma, lung
cancer, colon cancer, renal cell carcinoma, gastric and esophageal cancer,

pancreatic cancer, prostate cancer, breast cancer, colorectal cancer, ovarian
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93.

100.

10L

102.

103.

104,

105,

cancer, non-small cell lung carcinoma, squamous cell head and neck carcinoma,

endometrial cancer, cervical cancer, liver cancer, or hepatocellular carcinoma.

The method of claim 95, wherein the lymphoma is Burkitt’s lymphoma.

A nucleic acid encoding a polypeptide that comprises the CP1 and CM1 of the

ACC of any one or combination of claims 1-89.

The nucleic acid of claim 97, wherein the polypeptide further comprises a BD1 of

any one or combination of claims 1-16 or claims 23-88,

A nucleic acid encoding a polypeptide that comprises the CP2 and CM2 of the

ACC of any one or combination of claims 1-89.

The nucleic acid of claim 99, wherein the polypeptide further comprises the DD2

of any one or combination of claims 1-16 or claims 23-88,

A vector comprising the nucleic actd of any one or combination of claims 97-100.

The vector of claim 101, wherein the vector is an expression vector.

A cell comprising the nucleic acid of any one or combination of claims 96-99 or

the vector of claim 101 or 102,

A pair of nucleic acids that together encode a polypeptide that comprises the CP1
and CM1 of the first monomer construct and a polypeptide that comprises the
CP2 and CM2 of the second monomer construct of any one or combination of

claims 1-89.

A pair of vectors that together comprise the pair of nucleic acids of claim 104.
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106.

107.

108,

The pair of vectors of claim 105, wherein the pair of vectors is a pair of

eXpression vectors.

A cell comprising the pair of nucleic acids of claim 102 or the pair of vectors of

claims 105 or 106.

A method of producing an ACC comprising:

culturing a cell of claim 103 or 107 in a liquid culture medium under conditions

sufficient to produce the ACC; and

109.

110.

{1L

112.

113.

114

115,

recovering the ACC from the cell or the Hiquid culture medium.

The method of claim 108, further comprising:

isolating the ACC recovered from the cell or the liguid culture medium.

The method of claim 109, further comprising:

formulating isolated ACC into a pharmaceutical composition.

An ACC produced by the method of claim 108.

A composition comprising an ACC of ¢laim 111,

The composition of claim 112, wherein the composition is a pharmaceutical

composttion.

A container, vial, syringe, injector pen, or kit comprising at least one dose of the

composition of claim 112 or 113,

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

(a) the first monomer construct comprises a first mature cytokine protein (CP1), a

first cleavable moiety (CM1}, and a first dimerization domain (DD1);
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{b) the second monomer construct comprises a second mature cytokine protein
{CP2}, a second cleavable moiety (CM2), and a second dimerization domain (DD2);
(¢} the first monomer construct is a polypeptide comprising, in an N- to C-
terminal direction, the CP1, the CM1, and the DD, further wherein:
(i) each of the first monomer construct and the second monomer construct
comprises a Linking Region comprising no more than 18 amino acids; and
(i1} the CP1 is a mature interferon;
{d) further wherein:
{1} the second monomer construct 1s the sare as the first monomer
construct,
{i1) the first and second monomer constructs are covalently bound to each
other via at least one disulfide bond, and
(iit} the DD and the DD2 are a pair of human IgG Fe domains;
{e) the DBD1 and the BD2 bind each other thereby forming a dimer of the first
monomer construct and the second monomer construct; and
(f) the ACC is characterized by having a reduced level of interferon activity as

compared to a corresponding conirol interferon.

116.  The ACC of claim 115, wherein the CP1 is a mature human interferon alpha.

117, The ACC of any one or combination of claims 115-116, wherein the mature

interferon 18 mature interferon alpha-2b.

118, The ACC of any one or combination of claims 115-117, wherein the mature

interferon is a truncated form of a wild type mature interferon alpha-2b.

119, The ACC of any one or combination of claims 115-117, wherein the mature

interferon comprises a sequence that is at Jeast 95% identical to SEQ D NO: 1.

120, The ACC of any one or combination of claims 115-117, wherein the mature

interferon alpha comprises the sequence of SEQ ID NO: 1.
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[
[
)

124.

12s.

126.

The ACC of any one or combination of claims 115-120, wherein the CP1 and the
CM1 directly abut each other, the CM1 and the BD1 directly abut each other, and
the CM1 and the CM2 each comprises no more than 10 amino acids, optionally

no more than 7 amino acids.

The ACC of any one or combination of claims 115-121, wherein the CM1 and the
CM2 each independently functions as a substrate of urokinase (uPa) and/or a

matrix metalloproteinase (MMBP).

The ACC of any one or combination of claims 115-122, wherein the CM1 and the
CM2 each independently functions as a subsirate of urokinase (uPa) and/or MMP-

4.

The ACC of any one or combination of claims 115-123, wherein the CM1 and the

CM2 each comprises a sequence that is at feast 85% identical to SEQ 1D NO: 100

The ACC of any one or combination of claims 115-124, wherein the CM1 and the
CM2 each comprises a sequence selected from the group consisting of SEQ ID

NG: 41, SEQ ID NO: 68, and SEQ ID NG: 100

The ACC of any one or combination of claims 115-125, wherein the DD1 and the

DD2 are a pair of human 1gG1 Fe domains or a pair of human IgG4 Fe domains.

The ACC of claim 126, wherein the DB and the BD2 are a pair of human IgG1
Fc¢ domains truncated at N-terminus to Cysteine 226 as numbered by EU
numbering or a pair of human IgG4 Fc domains truncated at N-terminus to

Cysteine 226 as numbered by EU numbering.

The ACC of claim 126 or 127, wherein the DD and the D2 are a pair of human

Ig(34 Fc domains that comprise a S228P mutation as numbered by EU numbering.
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129, The ACC of any one or combination of claims 115-128, wherein the DD1 and the

D02 each comprises a sequence that is at least 95% identical to SEQ ID NO: 3.

130, The ACC of any one or combination of claims 115-129, wherein the DI} and the
D2 each comprises a sequence of SEG ID NO: 3.

131, The ACC of any one or combination of claims 115-130, wherein the first and
second monomer constructs are covalently bound to each other via at feast two

disulfide bonds.

132, The ACC of any one or combination of claims 115-131, wherein the first and
second monomer constructs are covalently bound to each other via at least three

disulfide bonds.

133, The ACC of any one or combination of claims 115-132, wherein the first and
second monomer constructs are covalently bound to each other via at least four

disulfide bonds.
134, The ACC of any one or combination of claims 115-133, wherein the first
monomer construct further comprises a signal sequence directly abuiting the N-

terminus of the CM1.

135, The ACC of claim 134, wherein the signal sequence comprises a sequence that is

at least 95% identical to SEQ D NO: 345,

136, The ACC of claim 134, wherein the signal sequence comprises the sequence of

SEQ 1D NO: 345,
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138.

138,

140.

141

143.

144.

145.

The ACC of any one or combination of claims 115-136 wherein each of the first
monomer construct and the second monomer construct comprises a Linking

Region comprising no more than 12 amino acids.

The ACC of claim 137, wherein the Linking Region comprises 7 to 12 amino

acids.

The ACC of claim 137, wherein the Linking Region comprises 7 amino acids.

The ACC of any one or combination of claims 115-139, wherein the ACC is

characterized by at least a 500-fold reduction in interferon activity as compared to

a corresponding control interferon.

The ACC of any one or combination of claims 115-140, wherein the CP1 isan

interferon alpha and the control interferon is a recombinant interferon alpha.

The ACC of any one or combination of claims 115-140, wherein the CPl is an

interferon alpha-2b and the control interferon is pegylated interferon alpha-2b.

The ACC of any one or combination of claims 115-142, wherein the interferon

activity is an anti-profiferation activity in lymphoma cells.
The ACC of any one or combination of claims 115-142, wherein the interferon
activity is induction of secreted embryonic alkaline phosphatase production in

interferon-responsive HEK 293 cells.

The ACC of any of claims 115-144, wherein the ACC is further characterized by

generating a cleavage product following exposure to the protease for which CM1

functions as a substrate, wherein the ratio of the interferon activity of the control
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interferon to the cleavage product is fess than about 2, and wherin the control interferon is
a corresponding recombinant wildtype interferon or a corresponding pegylated interferon.
146, The ACC of claim 145, wherein the EC50 of the cleavage product s
approximately the same as the ECS0 of the corresponding recombinant wildtype

interferon.

147.

X

The ACC of claim 115, wherein the first and second monomer constructs each

comprises a sequence that is at least 95% identical to SEQ ID NO: 313

148, The ACC of claim 147, wherein the ACC is characterized by at least a 500-fold
reduction in interferon activity as compared to wild type 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 orin an
assay of induction of secreted embryonic alkaline phosphatase production in

interferon-responsive HEK293 cells.

149, The ACC of claim 147, wherein the ACC exhibits lower toxicity in vivo
compared to either wildiype interferon alpha-2b or PEGylated interferon alpha-
2b.

150.  An activatable cytokine construct (ACC) comprising a first monomer construct

and a second monomer construct, wherein:

(a} the first monomer construct comprises a first mature cytokine protein (CP1), a
first cleavable moiety (CM1), and a first dimerization domain (BD1);

(I3 the second monomer construct comprises a second mature cyiokine protein
{CP2}, a second cleavable moiety (CM2), and a second dimerization domain (DD2);

(¢} the first monomer construct is a polypeptide comprising, in an N- to C-

terminal direction, the CP1, the CM1, and the DD, further wherein;
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(i) the CP1 and the CM 1 directly abut each other,
(11) the CM1 and the DD directly abut each other,

(iii} the CP1 comprises a sequence that is at least 85% identical to SEQ D

{iv) the CM1 comprises a sequence that is at least 85% identical to SEQ

{0 100,
{d} further wherein:

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

{ii} the first and second monomer construets are covalently bound to each
other via at least one disulfide bond, and

(iii} the DD and P2 are a pair of human 2G4 Fc domains;
(e} the DD and the DD2 bind each other thereby forming a dimer of the first

monomer construct and the second monowmer construct; and

{fy 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.

181, A composition comprising the ACC of any one or combination of claims 115-

150.

152, The composition of claim 151, where the composition is a pharmaceutical

composition.

[
Ay
(98]

A container, vial, syringe, injector pen, or kit comprising at least one dose of the

composition of claim 151 or 152,

154. 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 115-150 or the composition of claim 151 or 152,
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155,  The method of claim 154, 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 claims 115-150.

-
L
-3

A vector comprising the nucleie acid of claim 156

188, The vector of claim 157, whereiu the vector is an expression vector.

159, A mammalian cell comprising the nucleic acid of claim 156 or the vector of claim

157 or 158.

160, The mammalian cell of claim 159, wherein the mammalian cell 1s an HEK293 cell

or a CHO cell.

161. A method of manufacturing an ACC, the method comprising:
a. expressing the ACC in the mammalian cell of claim 159 or 160; and

b. purifying the expressed ACC.

162, The ACC of any one or combination of claims 115-150, wherein the CM1

functions as a substrate for a protease that is over-expressed in a tumor Hssue.



