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TUMOR NECROSIS FACTOR SUPERFAMILY AND TNF-LIKE LIGAND
MUTEINS AND METHODS OF PREPARING AND USING THE SAME

BACKGROUND

The tumor necrosis factor superfamily (TNFSF) refers to a group of ligands, €.g., cytokines, that
have diverse functions in the immune system. The TNFSF ligands, such as TNF-a, lymphotoxin (e.g.,
LT-aand LT-B), CD40L, CD70, CD153, OX40 ligand (OX40L), Fas ligand (FasL), 4-1BB ligand (4-1BBL),
TRAIL, RANKL, TWEAK, APRIL, BLys, LIGHT, TL1, GITRL (also known as TL6), and EDA (e.g., EDA-A1
and EDA-A2), are structurally related ligands that bind to one or more receptors of the TNFSF. Ligands
of the TNFSF are typically expressed as type |l transmembrane proteins, which can be proteolytically
cleaved so that the extracellular domain is released as a soluble protein (Figure 1A). Both the
transmembrane and soluble portions of the TNFSF ligands form non-covalent homo-multimers, e.q.,
homo-trimers, in order to bind to their respective receptors to exert their biological functions. However,
because of the high dissociation rate of soluble TNFSF ligands at low concentrations, soluble TNFSF
ligands are often degraded and removed from the body. Various methods of secondary cross-linking of
TNFSF ligands have been explored to increase the half-life and to improve signaling of these proteins
(see, e.g., U.S. Patent Publication NO: US20030064480). However, these methods have significant
shortcomings, including, e.g., the generation of a severe immunogenic effect caused by long and intrusive
linker sequences between monomeric TNFSF ligands. There exists a need for stable and soluble ligands
of various TNFSF receptors that have improved half-life and signaling activities.

TNF-like ligands are ligands that have similar folding topologies, key amino acid residue
conservations, and intron positions as those of the TNFSF ligands. TNF-like ligands include complement-
19 (C1q) family of proteins (also known as TNF-related family of proteins), e.g., adiponectin, myonectin,
complement-1q tumor necrosis factor-related protein 3 (C1QTNF3), and C1QTNF5. C1qg family of
proteins can target receptors on muscle or liver cells. TNFSF ligands and TNF-like ligands display
diverse functions in cell proliferation, inflammation, apoptosis, and morphogenesis. There exists a need
for stable TNFSF and TNF-like ligands for therapeutic use and methods that can be used to generate
stable TNFSF and TNF-like ligands.

SUMMARY OF THE INVENTION

TNFSF or TNF-like ligand muteins of the invention contain at least one surface-exposed (e.g., an
exterior facing) cysteine residue substitution or insertion, which promotes the formation of a disulfide bond
with another cysteine residue on a neighboring TNFSF or TNF-like ligand mutein. Multimers of TNFSF or
TNF-like ligand muteins of the invention are composed of two, three, four, or more, in particular three,
TNFSF or TNF-like ligand monomers or fragments thereof. TNFSF or TNF-like ligand muteins may bind
to one or more TNFSF or TNF-like ligand receptors and exhibit longer half-life and improved signaling
activities compared to a natural, non-covalently cross-linked TNFSF or TNF-like ligand counterpart.
Furthermore, disulfide bonded multimers of TNFSF or TNF-like ligand muteins of the invention can
effectively modulate ligand receptor interactions. Also included in the invention are methods of
manufacturing TNFSF or TNF-like ligand muteins and pharmaceutical compositions containing such
muteins. Pharmaceutical compositions containing TNFSF or TNF-like ligand muteins of the invention
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may be used for the treatment of autoimmune diseases, neurological diseases, cancers, infectious
diseases, metabolic diseases (e.q., diabetes), macular diseases (e.g., macular degeneration), muscular
atrophy, diseases related to miscarriage, vascular diseases (e.g., atherosclerosis), diseases related to
bone loss (i.e., bone loss as a result of menopause, osteoporosis), allergies, blood disorders (e.g.,
hemophilia), AIDS, musculoskeletal disorders, diseases related to growth receptors, obesity, for tissue or
organ repair or regeneration, and for use in organ transplantation procedures (e.g., to treat or reduce
complications resulting from organ transplantation (e.qg., graft-versus-host disease (GVHD) and graft
rejection)).

In a first aspect, the invention features a polypeptide including all or a portion of a tumor necrosis
factor superfamily (TNFSF) or TNF-like ligand in which the polypeptide includes at least one substitution
of a surface-exposed, exterior-facing amino acid residue of the TNFSF or TNF-like ligand with a cysteine
residue or at least one insertion of a cysteine residue within the region of surface-exposed, exterior-facing
amino acid residues of the TNFSF or TNF-like ligand. In some embodiments, the polypeptide includes
two substitutions of surface-exposed, exterior-facing amino acid residues of the TNFSF or TNF-like ligand
with cysteine residues. In other embodiments, the polypeptide includes three or four substitutions of
surface-exposed amino acid residues of the TNFSF or TNF-like ligand with cysteine residues. In some
embodiments, the polypeptide includes two insertions of cysteine residues within the region of surface-
exposed, exterior-facing amino acid residues of the TNFSF or TNF-like ligand. In other embodiments, the
polypeptide includes three or four insertions of cysteine residues within the region of surface-exposed,
exterior-facing amino acid residues of the TNFSF or TNF-like ligand. In all embodiments of the first
aspect, the TNFSF or TNF-like ligand can be a soluble polypeptide that lacks one or both of the
transmembrane and cytoplasmic domains of the TNFSF or TNF-like ligand. In other embodiments, a
naturally occurring cysteine residue of a TNFSF or TNF-like ligand may be substituted to a non-cysteine
residue, e.g., a serine, to avoid undesired dimer or multimer formation caused by, e.g., non-specific
disulfide bond formation, or to eliminate a naturally occurring cysteine residue that forms a disulfide bond
in the wild-type TNFSF or TNF-like ligand.

In this first aspect, the TNFSF or TNF-like ligand is TNF-a, lymphotoxin (e.g., LT-a and LT-B),
CD40L, CD70, CD153, OX40L, FasL, 4-1BB ligand, TRAIL, RANKL, TWEAK, APRIL, BLys, LIGHT, TL1,
GITRL (also known as TL6), EDA (e.g., EDA-A1 and EDA-A2), or adiponectin.

In some embodiments, the TNFSF ligand is TNF-a. In some embodiments, the polypeptide is a
TNF-a mutein that includes all or a portion of TNF-a and has one, two, three, four, or more of the
following cysteine substitutions: R82C, T83C, P84C, S85C, H91C, N110C, G130C, L131C, Y135C,
N168C, L169C, L170C, S171C, A172C, 1173C, K174C, S175C, Q178C, E180C, W190C, Y191C, P193C,
G198C, V199C, F200C, Q201C, S223C, G224C, and Q225C, relative to the amino acid sequence of
SEQ ID NO: 1. In other embodiments, the polypeptide is a TNF-a mutein that includes all or a portion of
TNF-a and has one or more (preferably one) of the following pairs of cysteine substitutions: G130C/S85C,
L131C/T83C, L131C/P84C, S171C/G224C, N168C/S223C, N168C/G224C, L169C/S223C,
L169C/G224C, L170C/S5223C, S171C/S5223C, S171C/Q225C, A172C/P193C, 1173C/Y191C,
1173C/P193C, K174C/Y191C, S175C/W190C, S175C/Y191C, Q178C/E180C, G198C/Y135C,
V199C/H91C, F200C/H91C, F200C/N110C, Q201C/R82C, and Q201C/T83C, relative to the amino acid
sequence of SEQ ID NO: 1. In yet other embodiments, the polypeptide is a TNF-a mutein that includes
all or a portion of TNF-a and has at least one cysteine substitution or insertion within one or more, and



10

15

20

25

30

39

40

CA 02958578 2017-02-17

WO 2016/029043 PCT/US2015/046152

preferably at least two, of the following amino acid regions: amino acids 77-94, 107-113, 127-138, 165-
204, and 220-228, relative to the amino acid sequence of SEQ ID NO: 1 (e.g., one cysteine substitution or
iInsertion within two different regions). In some embodiments, each TNF-a mutein or fragment thereof has
at least one cysteine substitution or insertion (e.q., 2, 3, 4, or more cysteine substitution or insertion,
preferably 2) and has at least one (and preferably at least two) cysteine substitutions or insertions (as
described above) and has at least 50% sequence identity (e.qg., 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 1-39 and 624-638.

In some embodiments, the polypeptide is a TNF-a mutein that includes all or a portion of TNF-a
and has the cysteine substitutions S171C and G224C, relative to the amino acid sequence of SEQ ID
NO: 1. In some embodiments, the TNF-a mutein binds to a TNF receptor. In other embodiments, the
TNF-a mutein binds to TNF receptor 1 (TNFR1) or TNF receptor 2 (TNFR2). In particular, the TNF-a
mutein specifically binds to TNFR2. Preferably, the TNF-a mutein is a TNFR2-specific agonist. In some
embodiments, the TNF-a mutein promotes TNFR2 multimerization. Preferably, the TNF-a mutein is a
soluble polypeptide that lacks one or both of the transmembrane and cytoplasmic domains of the TNF-a.

In other embodiments, the TNF-a mutein is fused to a cancer-specific antibody (e.g., for use in
targeted delivery and treatment of cancers expressing an antigen that is specifically bound by the cancer-
specific antibody).

In other embodiments, the TNF-a mutein is an antagonist of TNFR2.

In some embodiments, the TNFSF ligand is LT-a. In some embodiments, the soluble polypeptide
IS an L T-a mutein that includes all or a portion of LT-a and has one, two, three, four, or more of the
following cysteine substitutions: H66C, R85C, Y110C, P147C, L148C L149C, S150C, S151C, Q152C,
K153C, M154C, W163C, L164C, S166C, A171C, A172C, F173C, P195C, S196C, and T197C, relative to
the amino acid sequence of SEQ ID NO: 40. In other embodiments, the soluble polypeptide is an LT-a
mutein that includes all or a portion of LT-a and has one or more (preferably one) of the following pairs of
cysteine substitutions: P147C/P195C, P147C/S196C, L148C/P195C, L148C/S196C, L149C/P195C,
S150C/S196C, S150C/P195C, S150C/T197C, S151C/S166C, Q152C/L164C, Q152C/S166C,
K153C/L164C, M154C/W163C, M154C/L164C, A171C/Y110C, A172C/H66C, F173C/H66C, and
F173C/R85C, relative to the amino acid sequence of SEQ ID NO: 40. In yet other embodiments, the
polypeptide is an LT-a mutein that includes all or a portion of LT-a and has at least one cysteine
substitution or insertion within one or more, and preferably at least two, of the following amino acid
regions: amino acids 52-69, 82-88, 107-113, 144-176, and 192-200, relative to the amino acid sequence
of SEQ ID NO: 40 (e.g., one cysteine substitution or insertion within two different regions). In some
embodiments, each LT-a mutein or fragment thereof has at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and has at least 509% sequence identity (e.g.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from
any one of SEQ ID NOs: 40-7/5.

In some embodiments, the TNFSF ligand is LT-B. In some embodiments, the soluble polypeptide
IS an L T-p mutein that includes all or a portion of LT-  and has one, two, three, four, or more of the
following cysteine substitutions: H91C, Q110C, Y136C, L177C, L178C, L179C, E180C, G181C, A182C,
E183C, T184C, W201C, Y202C, S204C, G209C, L210C, V211C, R233C, G234C, and K235C, relative to
the amino acid sequence of SEQ ID NO: 76. In other embodiments, the soluble polypeptide is an LT-3
mutein that includes all or a portion of LT- B and has one or more (preferably one) of the following pairs of
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cysteine substitutions: L177C/R233C, L177C/G234C, L178C/R233C, L178C/G234C, L179C/R233C,
E180C/R233C, E180C/G234C, E180C/K235C, G181C/S204C, A182C/Y202C, A182C/S204C,
E183C/Y202C, T184C/W201C, T184C/Y202C, G209C/Y136C, L210C/H91C, V211C/H91C, and
V211C/Q110GC, relative to the amino acid sequence of SEQ ID NO: 76. In yet other embodiments, the
polypeptide is an LT-B mutein that includes all or a portion of LT-3 and has at least one cysteine
substitution or insertion within one or more, and preferably at least two, of the following amino acid
regions: amino acids 77-94, 107-113, 133-139, 174-187, 199-214, and 230-238, relative to the amino acid
sequence of SEQ ID NO: 76 (e.g., one cysteine substitution or insertion within two different regions). In
some embodiments, each LT-B mutein or fragment thereof has at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and has at least 509% sequence identity (e.g.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from
any one of SEQ ID NOs: 76-111.

In some embodiments, the TNFSF ligand is OX40 ligand (OX40L). In some embodiments, the
soluble polypeptide is an OX40L mutein that includes all or a portion of OX40L and has one, two, three,
four, or more of the following cysteine substitutions: K63C, S104C, P125C, L126C, Q128C, L129C,
K130C, S134C, M139C, V140C, A141C, N166C, and G167C, relative to the amino acid sequence of
SEQ ID NO: 112. In some embodiments, the soluble polypeptide is an OX40L mutein that includes all or
a portion of OX40L and has one or more (preferably one) of the following pairs of cysteine substitutions:
P125C/N166C, L126C/N166C, Q128C/N166C, Q128C/G167C, L129C/5134C, K130C/S134C,
M139C/S104C, V140C/K63C, and A141C/K63C, relative to the amino acid sequence of SEQ ID NO: 112.
In yet other embodiments, the polypeptide is an OX40L mutein that includes all or a portion of OX40L and
has at least one cysteine substitution or insertion within one or more, and preferably at least two, of the
following amino acid regions: amino acids 49-66, 101-107, 122-144, and 163-170, relative to the amino
acid sequence of SEQ ID NO: 112 (e.g., one cysteine substitution or insertion within two different
regions). In some embodiments, each OX40L mutein or fragment thereof has at least one (and
preferably at least two) cysteine substitutions or insertions (as described above) and has at least 50%
sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a
sequence selected from any one of SEQ ID NOs: 112-131 and 645-647.

In some embodiments, the TNFSF ligand is CD40L. In some embodiments, the soluble
polypeptide is a CD40L mutein that includes all or a portion of CD40L and has one, two, three, four, or
more of the following cysteine substitutions: H125C, Y145C, Y172C, 1204C, L205C, L206C, R207C,
A208C, A209C, N210C, T211C, S213C, K216C, P217C, G219C, Q220C, S222C, G227C, V228C,
F229C, T251C, G252C, and F253C, relative to the amino acid sequence of SEQ ID NO: 132. In some
embodiments, the soluble polypeptide is a CD40L mutein that includes all or a portion of CD40L and has
one or more (preferably one) of the following pairs of cysteine substitutions: 1204C/T251C, 1204C/G252C,
L205C/T251C, L205C/G252C, L206C/T251C, R207C/T251C, R207C/G252C, R207C/F253C,
A208C/5222C, A209C/Q220C, A209C/S5222C, N210C/Q220C, T211C/G219C, T211C/Q220C,
S213C/K216C, S213C/P217C, G227C/Y172C, V228C/H125C, F229C/H125C, and F229C/Y145C,
relative to the amino acid sequence of SEQ ID NO: 132. In yet other embodiments, the polypeptide is a
CD40L mutein that includes all or a portion of CD40L and has at least one cysteine substitution or
iInsertion within one or more, and preferably at least two, of the following amino acid regions: amino acids
111-128, 142-148, 169-175, 201-232, and 248-256, relative to the amino acid sequence of SEQ ID NO:
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132 (€.9., one cysteine substitution or insertion within two different regions). In some embodiments, each
CD40L mutein or fragment thereof has at least one (and preferably at least two) cysteine substitutions or
iInsertions (as described above) and has at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%,
/0%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs:
132-166, 620, 648-650, and 723-727.

In some embodiments, the TNFSF ligand is FasL. In some embodiments, the soluble polypeptide
IS a FasL mutein that includes all or a portion of FasL and has one, two, three, four, or more of the
following cysteine substitutions: H148C, 1168C, Y192C, V223C, M224C, M225C, E226C, G227C, K228C,
M229C, M230C, W239C, A240C, S242C, A247C, V248C, F249C, E271C, S272C, and Q273C, relative to
the amino acid sequence of SEQ ID NO: 167. In some embodiments, the soluble polypeptide is a FasL
mutein that includes all or a portion of FasL and has one or more (preferably one) of the following pairs of
cysteine substitutions: V223C/E271C, V223C/S272C, M224C/E271C, M224(C/S5272C, M225C/E271C,
E226C/E271C, E226C/S272C, E226C/Q273C, G227C/S242C, K228C/A240C, K228C/5242C,
M229C/A240C, M230C/W239C, M230C/A240C, A247C/Y192C, V248C/H148C, F249C/H148C, and
F249C/1168C, relative to the amino acid sequence of SEQ ID NO: 167. In yet other embodiments, the
polypeptide Is a FasL mutein that includes all or a portion of FasL and has at least one cysteine
substitution or insertion within one or more, and preferably at least two, of the following amino acid
regions: amino acids 134-151, 165-171, 189-195, 220-252, and 268-276, relative to the amino acid
sequence of SEQ ID NO: 167 (e.g., one cysteine substitution or insertion within two different regions). In
some embodiments, each FasL mutein or fragment thereof has at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and has at least 50% sequence identity (e.g.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from
any one of SEQ ID NOs: 167-202 and 651-653.

In some embodiments, the TNFSF ligand is CD153. In some embodiments, the soluble
polypeptide is a CD153 mutein that includes all or a portion of CD153 and has one, two, three, four, or
more of the following cysteine substitutions: Y101C, 1142C, C151S, A172C, L173C, V174C, T175C,
V176C, E178C, S179C, V186C, Y187C, N189C, L194C, L195C, D196C, P220C, L221C, and E222C,
relative to the amino acid sequence of SEQ ID NO: 236. In some embodiments, the soluble polypeptide
is a CD153 mutein that includes all or a portion of CD153 and has one or more (preferably one) of the
following pairs of cysteine substitutions: A172C/P220C, A172C/L221C, L173C/P220C, L173C/L221C,
V174C/P220C, T175C/P220C, T175C/L221C, T175C/E222C, V176C/N189C, E178C/Y187C,
S179C/V186C, S179C/Y187C, Y187C/C151S, N189C/C151S, L194C/1142C, L195C/Y101C, and
D196C/Y101C, relative to the amino acid sequence of SEQ ID NO: 236. In yet other embodiments, the
polypeptide is a CD153 mutein that includes all or a portion of CD153 and has at least one cysteine
substitution or insertion within one or more, and preferably at least two, of the following amino acid
regions: amino acids 86-104, 169-199, and 217-225, relative to the amino acid sequence of SEQ ID NO:
236 (e.g., one cysteine substitution or insertion within two different regions). In some embodiments, each
CD153 mutein or fragment thereof has at least one (and preferably at least two) cysteine substitutions or
iInsertions (as described above) and has at least 50% sequence identity (e.9., 50%, 55%, 60%, 65%,
/0%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs:
236-266. In some embodiments, a naturally occurring cysteine residue of a CD153 mutein, e.qg., residue
C151, may be mutated to a serine residue in order to avoid undesired dimerization.
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In some embodiments, the TNFSF ligand is 4-1BB ligand. In some embodiments, the soluble
polypeptide is a 4-1BB ligand mutein that includes all or a portion of 4-1BB ligand and has one, two,
three, four, or more of the following cysteine substitutions: Q94C, L115C, F144C, A178C, L179C, L181C,
T182C, V183C, D184C, L185C, N194C, S195C, F197C, R202C, L203C, L204C, G231C, and A232C,
relative to the amino acid sequence of SEQ ID NO: 267. In some embodiments, the soluble polypeptide
IS a 4-1BB ligand mutein that includes all or a portion of 4-1BB ligand and has one or more (preferably
one) of the following pairs of cysteine substitutions: A178C/G231C, L179C/G231C, L181C/G231C,
L181C/A232C, T182C/F197C, V183C/S195C, V183C/F197C, D184C/S195C, L185C/N194C,
L185C/S195C, R202C/F144C, L203C/Q94C, L204C/Q94C, and L204C/L115C, relative to the amino acid
sequence of SEQ ID NO: 267. In yet other embodiments, the polypeptide is a 4-1BB ligand mutein that
iIncludes all or a portion of 4-1BB ligand and has at least one cysteine substitution or insertion within one
or more, and preferably at least two, of the following amino acid regions: amino acids 80-97, 112-118,
175-207, and 228-235, relative to the amino acid sequence of SEQ ID NO: 267 (e.g., one cysteine
substitution or insertion within two different regions). In some embodiments, each 4-1BB ligand mutein or
fragment thereof has at least one (and preferably at least two) cysteine substitutions or insertions (as
described above) and has at least 50% sequence identity (e.qg., 50%, 55%, 60%, 65%, 70%, /5%, 80%,
85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 267-296 and 731-
733.

In some embodiments, the TNFSF ligand is TRAIL. In some embodiments, the soluble
polypeptide is a TRAIL mutein that includes all or a portion of TRAIL and has one, two, three, four, or
more of the following cysteine substitutions: H125C, L147C, H161C, Y185C, L221C, L222C, M223C,
K224C, S225C, A226C, R227C, N228C, C230S, G238C, L239C, S241C, G246C, 1247C, H270C, E271C,
and A272C, relative to the amino acid sequence of SEQ ID NO: 297. In some embodiments, the soluble
polypeptide is a TRAIL mutein that includes all or a portion of TRAIL and has one or more (preferably
one) of the following pairs of cysteine substitutions: L221C/H270C, L221C/E271C, L222C/H270C,
L222C/E271C, M223C/H270C, K224C/H270C, K224C/E271C, K224C/A272C, S225C/S241C,
A226C/L239C, A226C/S241C, R227C/1L239C, N228C/G238C, N228C/L239C, G246C/Y185C,
1247C/H125C, and L147C/H161C, relative to the amino acid sequence of SEQ ID NO: 297. In yet other
embodiments, the polypeptide is a TRAIL mutein that includes all or a portion of TRAIL and has at least
one cysteine substitution or insertion within one or more, and preferably at least two, of the following
amino acid regions: amino acids 111-128, 144-150, 158-164, 182-188, 218-250, and 267-275, relative to
the amino acid sequence of SEQ ID NO: 297 (e.g., one cysteine substitution or insertion within two
different regions). In some embodiments, each TRAIL mutein or fragment thereof has at least one (and
preferably at least two) cysteine substitutions or insertions (as described above) and has at least 50%
sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a
sequence selected from any one of SEQ ID NOs: 297-332, 621, 623, 660-662, and 734. In some
embodiments, a naturally occurring cysteine residue of a TRAIL mutein, e.g., residue C230, may be
mutated to a serine residue in order to avoid undesired dimerization.

In some embodiments, the TNFSF ligand is RANKL. In some embodiments, the soluble
polypeptide is a RANKL mutein that includes all or a portion of RANKL and has one, two, three, four, or
more of the following cysteine substitutions: H167C, W193C, Y217C, T254C, L255C, M256C, K257C,
G258C, G259C, S260C, W264C, G266C, H271C, F272C, S274C, G279C, F280C, F281C, Q303C,
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D304C, and A305C, relative to the amino acid sequence of SEQ ID NO: 333. In some embodiments, the
soluble polypeptide iIs a RANKL mutein that includes all or a portion of RANKL and has one or more
(preferably one) of the following pairs of cysteine substitutions: T254C/Q303C, T254C/D304C,
L255C/Q303C, L255C/D304C, M256C/Q303C, K257C/Q303C, K257C/D304C, K257C/A305C,
G258C/5274C, G259C/F272C, G259C/S274C, S260C/H271C, S260C/F272C, W264C/G266C,
G279C/Y217C, F280C/H167C, F281C/H167C, and F281C/W193C, relative to the amino acid sequence
of SEQ ID NO: 333. In yet other embodiments, the polypeptide is a RANKL mutein that includes all or a
portion of RANKL and has at least one cysteine substitution or insertion within one or more, and
preferably at least two, of the following amino acid regions: amino acids 153-170, 190-196, 214-220, 251-
284, and 300-308, relative to the amino acid sequence of SEQ ID NO: 333 (e.q., one cysteine substitution
or insertion within two different regions). In some embodiments, each RANKL mutein or fragment thereof
has at least one (and preferably at least two) cysteine substitutions or insertions (as described above)
and has at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 333-368 and 622.

In some embodiments, the TNFSF ligand is TWEAK. In some embodiments, the soluble
polypeptide is a TWEAK mutein that includes all or a portion of TWEAK and has one, two, three, four, or
more of the following cysteine substitutions: Y164C, L187C, A188C, L189C, R190C, L192C, E193C,
E194C, Q206C, L207C, L209C, R208C, S213C, G214C, P238C, F239C, and L240C, relative to the
amino acid sequence of SEQ ID NO: 369. In some embodiments, the soluble polypeptide is a TWEAK
mutein that includes all or a portion of TWEAK and has one or more (preferably one) of the following pairs
of cysteine substitutions: Y164C/S213C, Y164C/G214C, L187C/P238C, L187C/F239C, A188C/P238C,
A188C/F239C, L189C/P238C, R190C/P238C, R190C/F239C, R190C/L240C, L192C/L207C,
L192C/L209C, E193C/R208C, E194C/Q206C, and E194C/L207C, relative to the amino acid sequence of
SEQ ID NO: 369. In yet other embodiments, the polypeptide is a TWEAK mutein that includes all or a
portion of TWEAK and has at least one cysteine substitution or insertion within one or more, and
preferably at least two, of the following amino acid regions: amino acids 96-105, 161-167, 184-197, 204-
217, and 235-243, relative to the amino acid sequence of SEQ ID NO: 369 (e.g., one cysteine substitution
or insertion within two different regions). In some embodiments, each TWEAK mutein or fragment thereof
has at least one (and preferably at least two) cysteine substitutions or insertions (as described above)
and has at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, /5%, 80%, 85%, 90%, 95%,
99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 369-397.

In some embodiments, the TNFSF ligand is APRIL. In some embodiments, the soluble
polypeptide is a APRIL mutein that includes all or a portion of APRIL and has one, two, three, four, or
more of the following cysteine substitutions: H119C, F127C, A141C, Y166C, T192C, L193C, F194C,
R195C, 1197C, R198C, S199C, A207C, Y208C, S210C, C211S, G215C, V216C, F217C, P240C, H241C,
and G242C, relative to the amino acid sequence of SEQ ID NO: 398. In some embodiments, the soluble
polypeptide is a APRIL mutein that includes all or a portion of APRIL and has one or more (preferably
one) of the following pairs of cysteine substitutions: T192C/P240C, T192C/H241C, L193C/P240C,
L193C/H241C, F194C/P240C, R195C/P240C, R195C/H241C, R195C/G242C, 1197C/Y208C,
1197C/S210C, R198C/Y208C, S199C/A207C, S199C/Y208C, S210C/C211S, G215C/Y166C,
V216C/H119C, F217C/H119C, and F127C/A141C, relative to the amino acid sequence of SEQ ID NO:
398. In yet other embodiments, the polypeptide iIs a APRIL mutein that includes all or a portion of APRIL
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and has at least one cysteine substitution or insertion within one or more, and preferably at least two, of
the following amino acid regions: amino acids 105-130, 138-144, 163-169, 189-220, and 237-245, relative
to the amino acid sequence of SEQ ID NO: 398 (e.g., one cysteine substitution or insertion within two
different regions). In some embodiments, each APRIL mutein or fragment thereof has at least one (and
preferably at least two) cysteine substitutions or insertions (as described above) and has at least 50%
sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a
sequence selected from any one of SEQ ID NOs: 398-434.

In some embodiments, the TNFSF ligand is BLys. In some embodiments, the soluble polypeptide
IS a BLys mutein that includes all or a portion of BLys and has one, two, three, four, or more of the
following cysteine substitutions: Q148C, Y196C, T228C, L229C, F230C, R231C, 1233C, Q234C, N235C,
P241C, N242C, S244C, G249C, 1250C, A251C, G274C, D275C, and V276C, relative to the amino acid
sequence of SEQ ID NO: 435. In some embodiments, the soluble polypeptide is a BLys mutein that
iIncludes all or a portion of BLys and has one or more (preferably one) of the following pairs of cysteine
substitutions: T228C/G274C, T228C/D275C, L229C/G274C, L229C/D275C, F230C/G274C,
R231C/G274C, R231C/D275C, R231C/V276C, 1233C/N242C, 1233C/5244C, Q234C/N242C,
N235C/P241C, N235C/N242C, G249C/Y196C, 1250C/Q148C, and A251C/Q148C, relative to the amino
acid sequence of SEQ ID NO: 435. In yet other embodiments, the polypeptide is a BLys mutein that
Includes all or a portion of BLys and has at least one cysteine substitution or insertion within one or more,
and preferably at least two, of the following amino acid regions: amino acids 134-151, 225-254, and 271-
279, relative to the amino acid sequence of SEQ ID NO: 435 (e.qg., one cysteine substitution or insertion
within two different regions). In some embodiments, each BLys mutein or fragment thereof has at least
one (and preferably at least two) cysteine substitutions or insertions (as described above) and has at
least 50% sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or
100%) to a sequence selected from any one of SEQ ID NOs: 435-466.

In some embodiments, the TNFSF ligand is LIGHT. In some embodiments, the soluble
polypeptide is a LIGHT mutein that includes all or a portion of LIGHT and has one, two, three, four, or
more of the following cysteine substitutions: H97C, L120C, Y144C, E178C, L179C, L180C, V181C,
S182C, Q183C, Q184C, S185C, G188C, T191C, W197C, W198C, S200C, G205C, V206C, V207C,
G230C, T231C, and R232C, relative to the amino acid sequence of SEQ ID NO: 467. In some
embodiments, the soluble polypeptide is a LIGHT mutein that includes all or a portion of LIGHT and has
one or more (preferably one) of the following pairs of cysteine substitutions: E178C/G230C,
E178C/T231C, L179C/G230C, L179C/T231C, L180C/G230C, V181C/G230C, V181C/T231C,
V181C/R232C, S182C/S200C, Q183C/W198C, Q183C/S200C, Q184C/W198C, S185C/W197C,
S185C/W198C, G188C/T191C, G205C/Y144C, V206C/H97C, V207C/HI97C, and V207C/L120C, relative
to the amino acid sequence of SEQ ID NO: 467. In yet other embodiments, the polypeptide is a LIGHT
mutein that includes all or a portion of LIGHT and has at least one cysteine substitution or insertion within
one or more, and preferably at least two, of the following amino acid regions: amino acids 83-100, 117-
123, 175-210, and 227-235, relative to the amino acid sequence of SEQ ID NO: 467 (e.g., one cysteine
substitution or insertion within two different regions). In some embodiments, each LIGHT mutein or
fragment thereof has at least one (and preferably at least two) cysteine substitutions or insertions (as
described above) and has at least 50% sequence identity (e.qg., 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 467-505.
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In some embodiments, the TNFSF ligand is TL1. In some embodiments, the soluble polypeptide
IS a TL1 mutein that includes all or a portion of TL1 and has one, two, three, four, or more of the following
cysteine substitutions: H98C, L125C, Y150C, Q193C, L194C, L195C, M196C, G197C, T198C, K199C,
S200C, W208C, F209C, P211C, A216C, M217C, F218C, E241C, D242C, and K243C, relative to the
amino acid sequence of SEQ ID NO: 506. In some embodiments, the soluble polypeptide is a TL1
mutein that includes all or a portion of TL1 and has one or more (preferably one) of the following pairs
cysteine substitutions: Q193C/E241C, Q193C/D242C, L194C/E241C, L194C/D242C, L195C/E241C,
M196C/E241C, M196C/D242C, M196C/K243C, G197C/P211C, T198C/F209C, T198C/P211C,
K199C/F209C, S200C/W208C, S200C/F209C, A216C/Y150C, M217C/H98C, F218C/H98C, and
F218C/L125C, relative to the amino acid sequence of SEQ ID NO: 506. In yet other embodiments, the
polypeptide is a TL1 mutein that includes all or a portion of TL1 and has at least one cysteine substitution
or insertion within one or more, and preferably at least two, of the following amino acid regions: amino
acids 84-101, 122-128, 190-221, and 238-246, relative to the amino acid sequence of SEQ ID NO: 506
(€.g., one cysteine substitution or insertion within two different regions). In some embodiments, each TL1
mutein or fragment thereof has at least one (and preferably at least two) cysteine substitutions or
Insertions (as described above) and has at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%,
/0%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from any one of SEQ ID NOs:
506-541.

In some embodiments, the TNFSF ligand is GITRL (also known as TL6). In some embodiments,
the soluble polypeptide is a GITRL mutein that includes all or a portion of GITRL and has one, two, three,
four, or more of the following cysteine substitutions: K83C, Y120C, T148C, L149C, N184C, T150C,
N151C, K152C, S153C, 1155C, G160C, T161C, and Y162C, relative to the amino acid sequence of SEQ
ID NO: 542. In some embodiments, the soluble polypeptide is a GITRL mutein that includes all or a
portion of GITRL and has one or more (preferably one) of the following pairs of cysteine substitutions:
T148C/N184C, L149C/I155C, T150C/S153C, T150C/1155C, N151C/S153C, K152C/S153C,
G160C/Y120C, T161C/K83C, and Y162C/K83C, relative to the amino acid sequence of SEQ ID NO: 542.
In yet other embodiments, the polypeptide is a GITRL mutein that includes all or a portion of GITRL and
has at least one cysteine substitution or insertion within one or more, and preferably at least two, of the
following amino acid regions: amino acids 69-86, 117-123, 145-165, 181-187, and 269-2/77/, relative to the
amino acid sequence of SEQ ID NO: 542 (e.g., one cysteine substitution or insertion within two different
regions). In some embodiments, each GITRL mutein or fragment thereof has at least one (and preferably
at least two) cysteine substitutions or insertions (as described above) and has at least 50% sequence
identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence
selected from any one of SEQ ID NOs: 542-561.

In some embodiments, the TNFSF ligand is CD70. In some embodiments, the soluble
polypeptide is a CD70 mutein that includes all or a portion of CD70 and has one, two, three, four, or more
of the following cysteine substitutions: R83C, H107C, T127C, L128C, A129C, V130C, G131C, 1132C,
S134C, S137C, S139C, Q149C, G150C, C151S, T152C, R157C, T159C, T181C, D182C, and E183C,
relative to the amino acid sequence of SEQ ID NO: 203. In some embodiments, the soluble polypeptide
iIs a CD70 mutein that includes all or a portion of CD70 and has one or more (preferably one) of the
following pairs of cysteine substitutions: T127C/T181C, T127C/D182C, L128C/T181C, L128C/D182C,
A129C/T181C, V130C/T181C, V130C/D182C, V130C/E183C, G131C/T152C, 1132C/G150C,
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1132C/T152C, S134C/Q149C, S134C/G150C, S137C/S139, G150C/C151S, R157C/H107C, and
T159C/R83C, relative to the amino acid sequence of SEQ ID NO: 203. In yet other embodiments, the
polypeptide is a CD70 mutein that includes all or a portion of CD70 and has at least one cysteine
substitution or insertion within one or more, and preferably at least two, of the following amino acid
regions: amino acids 69-86, 104-110, 124-162, and 178-186, relative to the amino acid sequence of SEQ
ID NO: 203 (e.qg., one cysteine substitution or insertion within two different regions). In some
embodiments, each CD70 mutein or fragment thereof has at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and has at least 509% sequence identity (e.g.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from
any one of SEQ ID NOs: 203-235 and 654-656. In some embodiments, a naturally occurring cysteine
residue of a CD70 mutein, e.g., residue C151, may be mutated to a serine residue in order to avoid
undesired dimerization.

In some embodiments, the TNFSF ligand is EDA (e.g., EDA-A1 and EDA-A2). In some
embodiments, the soluble polypeptide is a EDA (e.g., EDA-A1 and EDA-A2) mutein that includes all or a
portion of EDA and has one, two, three, four, or more of the following cysteine substitutions: V250C,
H252C, T278C, Y304C, P328C, F329C, L330C, Q331C, T333C, R334C, S335C, N342C, Y343C, T345C,
G350C, V351C, H376C, and T377C, relative to the amino acid sequence of SEQ ID NO: 562 or 590. In
some embodiments, the soluble polypeptide is a EDA (e.g., EDA-A1 and EDA-A2) mutein that includes all
or a portion of EDA and has one or more (preferably one) of the following pairs of cysteine substitutions:
P328C/H376C 577, F329C/H376C, L330C/H376C, L330C/T377C, Q331C/H376C, Q331C/T377C,
T333C/Y343C, T333C/T345C, R334C/Y343C, S335C/N342C, S335C/Y343C, G350C/Y304C,
V351C/V250C, and V351C/H252C, relative to the amino acid sequence of SEQ ID NO: 562 or 590. In
yet other embodiments, the polypeptide is a EDA (e.qg., EDA-A1 and EDA-A2) mutein that includes all or a
portion of EDA and has at least one cysteine substitution or insertion within one or more, and preferably
at least two, of the following amino acid regions: amino acids 238-255, 275-281, 301-307/, 325-354, and
373-380, relative to the amino acid sequence of SEQ ID NO: 562 or 590 (e.g., one cysteine substitution
or insertion within two different regions). In some embodiments, each EDA mutein or fragment thereof
has at least one (and preferably at least two) cysteine substitutions or insertions (as described above)
and has at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, /5%, 80%, 85%, 90%, 95%,
99%, or 100%) to a sequence selected from any one of SEQ ID NOs: 562-619.

In some embodiments, the TNF-like ligand is adiponectin. In some embodiments, the soluble
polypeptide is an adiponectin mutein that includes all or a portion of adiponectin and has one, two, three,
four, or more of the following cysteine substitutions: S116C, A161C, A181C, M182C, L183C, F184C,
T185C, Y186C, D187C, Q188C, N193C, V194C, Q196C, V201C, L202C, D229C, N230C, and D231C,
relative to the amino acid sequence of SEQ ID NO: 688. In some embodiments, the soluble polypeptide
IS an adiponectin mutein that includes all or a portion of adiponectin and has one or more (preferably one)
of the following pairs of cysteine substitutions: A181C/D229C, A181C/N230C, M182C/D229C,
M182C/N230C, L183C/D229C, F184C/D229C, F184C/N230C, F184C/D231C, T185C/Q196C,
Y186C/V194C, Y186C/Q196C, D187C/V194C, Q188C/N193C, Q188C/V194C, V201C/A161C, and
L202C/S116C, relative to the amino acid sequence of SEQ ID NO: 688. In yet other embodiments, the
polypeptide is an adiponectin mutein that includes all or a portion of adiponectin and has at least one
cysteine substitution or insertion within one or more, and preferably at least two, of the following amino
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acid regions: amino acids 103-119, 158-164, 178-205, and 226-234, relative to the amino acid sequence
of SEQ ID NO: 688 (e.g., one cysteine substitution or insertion within two different regions). In some
embodiments, each adiponectin mutein or fragment thereof has at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and has at least 509% sequence identity (e.g.,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence selected from
any one of SEQ ID NOs: 688-722.

In some embodiments, the soluble polypeptides of the first aspect of the invention have at least
one (and preferably at least two) cysteine substitutions or insertions (as described above) and have at
least 50% (e.qQ., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence
identity to any one of SEQ ID NOs: 1-735, or a biologically active fragment thereof. In other
embodiments, these soluble polypeptides (muteins) lack the transmembrane domain and, optionally, also
the cytoplasmic domain of the TNFSF or TNF-like ligand. Preferably, both the transmembrane and
cytoplasmic domains are absent.

In a preferred embodiment, the soluble polypeptides of the first aspect of the invention have at
least one (and preferably at least two) cysteine substitutions or insertions (as described above) and has
at least 50% (e.g., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence
identity to the sequence of SEQ ID NO: 1, or a biologically active fragment thereof, and lack the
transmembrane domain and, optionally, also the cytoplasmic domain of TNF-a. Preferably, both the
transmembrane and cytoplasmic domains are absent.

In some embodiments, the soluble polypeptides of the first aspect of the invention is or is capable
of forming a homo-multimer, particularly a homo-dimer or homo-trimer, more particularly a homo-trimer.
Preferably, the TNF-a mutein containing the S171C/(G224 substitutions can form a disulfide bonded,
homo-trimer complex.

In an embodiment, the surface-exposed, exterior-facing amino acid residue that is substituted
with a cysteine residue in the soluble polypeptides of the first aspect of the invention is a naturally-
occurring amino acid residue of the TNFSF or TNF-like ligand. For exampile, if the TNFSF or TNF-like
ligand is a fusion protein that includes a second polypeptide that is not endogenous to the TNFSF or
TNF-like ligand, the substitution occurs at a naturally-occurring amino acid residue of the TNFSF or TNF-
like ligand and not at an amino acid residue of the second polypeptide.

In a second aspect, the invention features a nucleic acid molecule encoding the polypeptides of
the first aspect of the invention (e.g., a TNFSF or TNF-like ligand mutein having at least one surface-
exposed, exterior-facing amino acid residue that has been substituted with a cysteine residue, relative to
a naturally occurring TNFSF or TNF-like ligand). In other embodiments, the nucleic acid molecule
encodes a TNFSF or TNF-like ligand mutein having at least one (and preferably at least two) cysteine
substitutions or insertions (as described above) and having at least 50% (e.q., at least 60%, 70%, 75%,
80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence identity to any one of SEQ ID NOs: 1-735, or
a biologically active fragment thereof, in which at least one surface-exposed, exterior-facing amino acid
residue of the TNFSF or TNF-like ligand mutein encoded by the nucleic acid molecule is a cysteine
residue that is not present in a naturally occurring TNFSF or TNF-like ligand. In some embodiments, at
least two surface-exposed, exterior-facing amino acid residues of the TNFSF or TNF-like ligand mutein
encoded by the nucleic acid molecule are cysteine residues that are not present in a naturally occurring
TNFSF or TNF-like ligand. In other embodiments, at least three or four surface-exposed, exterior-facing
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amino acid residues of the TNFSF or TNF-like ligand mutein encoded by the nucleic acid molecule are
cysteine residues that are not present in a naturally occurring TNFSF or TNF-like ligand. In still other
embodiments, the nucleic acid molecule encodes a soluble TNFSF or TNF-like ligand mutein that lacks a
transmembrane domain and, optionally, also the cytoplasmic domain of the TNFSF or TNF-like ligand.
Preferably, the nucleic acid molecule encodes a soluble TNFSF or TNF-like ligand mutein lacking the
transmembrane and cytoplasmic domains of the TNFSF or TNF-like ligand. In an embodiment, the
nucleic acid molecule encodes a TNF-a mutein containing S171C and G224C substitutions; preferably
the TNF-a mutein lacks the transmembrane and cytoplasmic domains of TNF-a.

In some embodiments, the nucleic acid molecule is in a vector, a cell (e.g., a human or non-
human cell; the cell may be in vivo or ex vivo), or an animal (e.g., a human or a non-human animal). In
some embodiments, the vector Is an adenovirus vector (e.g., Adb, Ad26, Ad34, Ad35), poxvirus vector,
vaccinia virus vector (e.g., Modified Vaccinia Virus Ankara (MVA)), retrovirus vector, adeno-associated
virus vector, or alphavirus vector.

In a third aspect, the invention features a pharmaceutical composition including a therapeutically
effective amount of a polypeptide of the first aspect of the invention (e.g., a soluble polypeptide of the first
aspect of the invention lacking one or both of the transmembrane and cytoplasmic domains of the TNFSF
or TNF-like ligand).

In a fourth aspect, the invention features a pharmaceutical composition including a nucleic acid
molecule of the second aspect of the invention that encodes a polypeptide of the first aspect of the
iInvention (e.g., a soluble polypeptide of the first aspect of the invention lacking one or both of the
transmembrane and cytoplasmic domains of the TNFSF or TNF-like ligand).

Preferably, in the third and fourth aspects of the invention, the soluble polypeptide includes all or
a portion of TNF-a in which the soluble polypeptide contains one or more (e.g., one, two, three, or four) of
the following cysteine substitutions: R82C, T83C, P84C, S85C, H91C, N110C, G130C, L131C, Y135C,
N168C, L169C, L170C, S171C, A172C, 1173C, K174C, S175C, Q178C, E180C, W190C, Y191C, P193C,
G198C, V199C, F200C, Q201C, S223C, G224C, and Q225C, relative to the amino acid sequence of
SEQ ID NO: 1 or an amino acid sequence having at least one (and preferably at least two) cysteine
substitutions or insertions (as described above) and having at least 50-99% sequence identity to SEQ ID
NO: 1, or one or more (preferably one) of the following pairs of cysteine substitutions: G130C/S85C,
L131C/T83C, L131C/P84C, S171C/G224C, N168C/S223C, N168C/(G224C, L169C/S223C,
L169C/G224C, L170C/S223C, S171C/5223C, S171C/Q225C, A172C/P193C, 1173C/Y191C,
1173C/P193C, K174C/Y191C, S175C/W190C, S175C/Y191C, Q178C/E180C, G198C/Y135C,
V199C/H91C, F200C/H91C, F200C/N110C, Q201C/R82C, and Q201C/T83C, relative to the amino acid
sequence of SEQ ID NO: 1 or an amino acid sequence having at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and having at least 50-99% sequence identity to
SEQ ID NO: 1. In an embodiment, the soluble polypeptide contains S171C and/or G224C relative to the
amino acid sequence of SEQ ID NO: 1 or an amino acid sequence having at least 50-99% sequence
identity to SEQ ID NO: 1.

The pharmaceutical composition may include one or more pharmaceutically acceptable carriers
or excipients.

In a fifth aspect, the invention features a method of medical therapy including administering a
polypeptide of the first aspect of the invention (e.g., a soluble polypeptide), a nucleic acid molecule of the
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second aspect of the invention (e.qg., a nucleic acid molecule encoding a soluble polypeptide), or a
pharmaceutical composition of the third or fourth aspect of the invention, to a subject in need thereof. In
an embodiment, the subject is in need of treatment for an autoimmune disease, a neurological disease, a
cancer, an infectious disease, a metabolic disease (e.g., diabetes), a macular disease (e.g., macular
degeneration), muscular atrophy, a disease related to miscarriage, a vascular disease (e.g.,
atherosclerosis), a disease related to bone loss (i.e., bone loss as a result of menopause, 0steoporosis),
an allergy, a blood disorder (e.g., hemophilia), acquired immunodeficiency syndrome (AIDS), a
musculoskeletal disorder, a disease related to growth receptors, or obesity, is in need of tissue or organ
repair or regeneration, or is in need of treatment in conjunction with an organ transplantation (e.g., to treat
or reduce complications resulting from organ transplantation (e.q., graft-versus-host disease (GVHD) and
graft rejection)). In other embodiments, the subject is administered a TNFSF or TNF-like ligand mutein of
the first aspect of the invention selected from the group consisting of a TNF-a mutein, lymphotoxin mutein
(e.9., LT-a mutein and LT-B mutein), CD40L mutein, CD70 mutein, CD153 mutein, OX40L mutein, FasL
mutein, 4-1BB ligand mutein, TRAIL mutein, RANKL mutein, TWEAK mutein, APRIL mutein, BLys
mutein, LIGHT mutein, TL1 mutein, GITRL (also known as TL6) mutein, EDA mutein (e.g., EDA-A1
mutein and EDA-A2 mutein), and adiponectin mutein or a nucleic acid molecule of the second aspect of
the invention that encodes the TNFSF or TNF-like ligand mutein. In an embodiment, the subject is
administered a TNF-a mutein or a TRAIL mutein. In still other embodiments, the polypeptide is a soluble
polypeptide lacking one or both of the transmembrane and cytoplasmic domains of the TNFSF or TNF-
like ligand (preferably both the transmembrane and cytoplasmic domains are absent). In other
embodiments, the TNFSF or TNF-like ligand mutein administered to the subject has at least one (and
preferably at least two) cysteine substitutions or insertions (as described above) and has at least 50%
(e.g., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%, preferably 100%)
sequence identity to any one of SEQ ID NOs: 1-735, or a biologically active fragment thereof, and
Includes at least one substitution or insertion (e.q., two, three, or four substitutions or insertions;
preferably two substitutions or insertions) of a surface-exposed, exterior-facing amino acid residue of the
TNFSF or TNF-like ligand with a cysteine residue.

In some embodiments, the subject has an autoimmune disease (e.g., an autoimmune disease
selected from the group consisting of insulin dependent diabetes, Alopecia Areata, Ankylosing
Spondylitis, Antiphospholipid Syndrome, Addison's Disease, Hemolytic Anemia, Autoimmune Hepatitis,
Behcets Disease, Bullous Pemphigoid, Cardiomyopathy, Celiac Sprue-Dermatitis, Chronic Fatigue
Immune Dysfunction Syndrome (CFIDS), Chronic Inflammatory Demyelinating Polyneuropathy, Churg-
Strauss Syndrome, Cicatricial Pemphigoid, Limited Scleroderma (CREST Syndrome), Cold Agglutinin
Disease, Crohn's Disease, Discoid Lupus, Essential Mixed Cryoglobulinemia, Fiboromyalgia-Fibromyositis,
Graves' Disease, Guillain-Barré Syndrome, Hashimoto's Thyroiditis, Hypothyroidism, Inflammatory Bowel
Disease, autoimmune lymphoproliferative syndrome (ALPS), Idiopathic Pulmonary Fibrosis, ldiopathic
Thrombocytopenia Purpura (ITP), IgA Nephropathy, Juvenile Arthritis, Lichen Planus, Lupus, Méniere's
Disease, Mixed Connective Tissue Disease, Multiple Sclerosis, Myasthenia Gravis, Pemphigus Vulgaris,
Pernicious Anemia, Polyarteritis Nodosa, Polychondritis, Polyglandular Syndromes, Polymyalgia
Rheumatica, Polymyositis, Dermatomyositis, Primary Agammaglobulinemia, Primary Biliary Cirrhosis,
Psoriasis, Raynaud's Phenomenon, Reiter's Syndrome, Rheumatic Fever, Rheumatoid Arthritis,
Sarcoidosis, Scleroderma, Sjogren's Syndrome, Stiff-Man Syndrome, Takayasu Arteritis, Temporal
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Arteritis/Giant Cell Arteritis, Ulcerative Colitis, Uveitis, Vasculitis, Vitiligo, and Wegener's Granulomatosis).
Preferably the autoimmune disease is insulin dependent diabetes, rheumatoid arthritis, Sjogren's
syndrome, multiple sclerosis, or Crohn's disease. In particular, the autoimmune disease is insulin
dependent diabetes. In an embodiment, the subject being treated for an autoimmune disease Is
administered a TNF-a mutein (e.g., a soluble TNF-a mutein having the S171C/G224C substitutions).
Preferably when the autoimmune disease is insulin dependent diabetes, rneumatoid arthritis, Sjogren’s
syndrome, multiple sclerosis, or Crohn's disease, the subject is administered a TNF-a mutein of the
iInvention (e.g., a TNF-a mutein of the first aspect, or a nucleic acid molecule of the second aspect
encoding a TNF-a mutein, or a pharmaceutical composition of the third or fourth aspect). In particular,
the TNF-a mutein is a soluble polypeptide that lacks one or both of the transmembrane and cytoplasmic
domains; preferably, both the transmembrane and cytoplasmic domains are absent. In other
embodiments, the TNF-a mutein has the S171C/G224C substitutions and is a soluble polypeptide (e.q.,
lacks one or both of the transmembrane and cytoplasmic domains; preferably, both the transmembrane
and cytoplasmic domains are absent). In an embodiment, the TNF-a mutein has the S171C/G224C
substitutions and is a soluble polypeptide (e.g., lacks one or both of the transmembrane and cytoplasmic
domains; preferably, both the transmembrane and cytoplasmic domains are absent) and the disease to
be treated is insulin dependent diabetes, rheumatoid arthritis, Sjogren's syndrome, multiple sclerosis, or
Crohn's disease (in particular, the disease is insulin dependent diabetes).

In some embodiments, the subject is Iin need of tissue or organ repair or regeneration. In some
embodiments, the tissue or organ Is pancreas, salivary gland, pituitary gland, kidney, heart, lung,
hematopoletic system, cranial nerves, heart, blood vessels including the aorta, olfactory gland, ear,
nerves, structures of the head, eye, thymus, tongue, bone, liver, small intestine, large intestine, gut, lung,
prain, skin, peripheral nervous system, central nervous system, spinal cord, breast, embryonic structures,
embryos, or testes. In other embodiments, the subject is in need of cell transplantation. In some
embodiments, cells used in cell transplantation may be cells isolated from the organs of a mammal (e.g.,
a human), such as insulin-secreting cells from the islets of Langerhans, neurons, fibroblasts, stem cells
(e.g., bone marrow stem cells), myocytes, myoblasts, and cardiac cells. In several embodiments, the
subject is administered a TNFSF or TNF-like ligand mutein of the first aspect of the invention selected
from the group consisting of a TNF-a mutein, lymphotoxin mutein (e.g., LT-a mutein and L T-p mutein),
CD40L mutein, CD70 mutein, CD153 mutein, OX40L mutein, FasL mutein, 4-1BB ligand mutein, TRAIL
mutein, RANKL mutein, TWEAK mutein, APRIL mutein, BLys mutein, LIGHT mutein, TL1 mutein, GITRL
(also known as TL6) mutein, EDA mutein (e.g., EDA-A1 mutein and EDA-A2 mutein), and adiponectin
mutein or a nucleic acid molecule of the second aspect of the invention that encodes the TNFSF or TNF-
like ligand mutein. Preferably, the subject is administered a TNF-a mutein of the invention (e.g., a TNF-a
mutein of the first aspect, or a nucleic acid molecule of the second aspect encoding a TNF-a mutein, or a
pharmaceutical composition of the third or fourth aspect). In particular, the TNF-a mutein is a soluble
polypeptide that lacks one or both of the transmembrane and cytoplasmic domains; preferably, both the
transmembrane and cytoplasmic domains are absent. In other embodiments, the TNF-a mutein has the
S171C/G224C substitutions and is a soluble polypeptide (e.g., lacks one or both of the transmembrane
and cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains are absent).

In some embodiments, the subject has cancer. In some embodiments, the cancer may be solid
tumor cancer or hematopoietic cancer. In some embodiments, the cancer Is selected from bladder
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cancer, pancreatic cancer, cervical cancer, lung cancer, liver cancer, ovarian cancer, colon cancer,
stomach cancer, virally induced cancer, neuroblastoma, breast cancer, prostate cancer, renal cancer,
leukemia, sarcoma, carcinoma, non-small cell lung carcinoma, non-Hodgkin’'s lymphoma, acute myeloid
leukemia (AML), chronic lymphocytic leukemia (CLL), B-cells chronic lymphocytic leukemia (B-CLL),
multiple myeloma (MM), erythroleukemia, renal cell carcinoma, soft tissue sarcoma, melanoma,
astrocytoma, oligoastrocytoma, bone cancer, brain cancer, gastrointestinal cancer, cardiac cancer,
uterine cancer, head and neck cancer, gallbladder cancer, laryngeal cancer, lip and oral cavity cancer,
ocular cancer, colorectal cancer, testicular cancer, throat cancer, acute lymphoblastic leukemia (ALL),
chronic myelogenous leukemia (CML), adrenocortical carcinoma, AlIDS-related lymphoma, primary CNS
lymphoma, anal cancer, appendix cancer, atypical teratoid/rhabdoid tumor, basal cell carcinoma, bile duct
cancer, extrahepatic cancer, ewing sarcoma family, osteosarcoma and malignant fibrous histiocytoma,
central nervous system embryonal tumors, central nervous system germ cell tumors, craniopharyngioma,
ependymoma, bronchial tumors, burkitt lymphoma, carcinoid tumor, primary lymphoma, chordoma,
chronic myeloproliferative neoplasms, extrahepatic ductal carcinoma in situ (DCIS), endometrial cancer,
esophageal cancer, esthesioneuroblastoma, extracranial germ cell tumor, extragonadal germ cell tumor,
fallopian tube cancer, fibrous histiocytoma of bone, gastrointestinal carcinoid tumor, gastrointestinal
stromal tumors (GIST), testicular germ cell tumor, gestational trophoblastic disease, glioma, childhood
pbrain stem glioma, hairy cell leukemia, hepatocellular cancer, langerhans cell histiocytosis, hodgkin
lymphoma, hypopharyngeal cancer, islet cell tumors, pancreatic neuroendocrine tumors, wilms tumor and
other childhood kidney tumors, langerhans cell histiocytosis, small cell lung cancer, cutaneous T-cell
lymphoma, intraocular melanoma, merkel cell carcinoma, mesothelioma, metastatic squamous neck
cancer, midline tract carcinoma, multiple endocrine neoplasia syndromes, myelodysplastic syndromes,
nasal cavity and paranasal sinus cancer, nasopharyngeal cancer, epithelial ovarian cancer, germ cell
ovarian cancer, low malignant potential ovarian cancer, papillomatosis, paraganglioma, parathyroid
cancer, penile cancer, pharyngeal cancer, pheochromocytoma, pituitary tumor, pleuropulmonary
blastoma, primary peritoneal cancer, rectal cancer, retinoblastoma, rhabdomyosarcoma, salivary gland
cancer, kaposi sarcoma, sezary syndrome, small intestine cancer, thymoma and thymic carcinoma,
thyroid cancer, transitional cell cancer of the renal pelvis and ureter, urethral cancer, endometrial uterine
cancer, uterine sarcoma, vaginal cancer, vulvar cancer, and waldenstrom macroglobulinemia. Preferably,
the subject is administered a TNF-a mutein of the invention (e.g., a TNF-a mutein of the first aspect, or a
nucleic acid molecule of the second aspect encoding a TNF-a mutein, or a pharmaceutical composition of
the third or fourth aspect) to treat the cancer. In particular, the TNF-a mutein is a soluble polypeptide that
lacks one or both of the transmembrane and cytoplasmic domains; preferably, both the transmembrane
and cytoplasmic domains are absent. In other embodiments, the subject is administered a TRAIL mutein
of the invention (e.q., the first, second, third, and fourth aspects of the invention) to treat the cancer. The
method may further include administering one or more chemotherapy agents, immunotherapy agents, or
radiation to the subject.

In some embodiments, the chemotherapy agent is selected from the group consisting of
camptothecin, cisplatin, carboplatin, oxaliplatin, bleomycin, mitomycin C, calicheamicins, maytansinoids,
geldanamycin, doxorubicin, idarubicin, daunorubicin, epirubicin, busulfan, carmustine (BCNU), lomustine
(CCNU), semustine, thalidomide, lenalidomide, methotrexate, azathioprine, 6-mercaptopurine,
fludarabine, 5-azacytidine, pentostatin (2'-deoxycoformycin), cytarabine (cytosine arabinoside),
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gemcitabine, 5-fluorouracil, hydroxyurea, elesclomol, etoposide, teniposide, amsacrine, topotecan,
Irinotecan, chlorambucil, cyclophosphamide, ifosfamide, melphalan, bortezomib, vincristine, vinblastine,
vinorelbine, paclitaxel, docetaxel, amphotericin B, rifampicin, pentamidine, cyclosporine A, tacrolimus
(FK506), sirolimus (rapamycin), everolimus, temsirolimus, zotarolimus, and biolimus.

In some embodiments, the immunotherapy agent is selected from the group consisting of an anti-
TNF receptor superfamily agonist antibody, an anti- TNF receptor superfamily antagonist antibody, an
anti-CTLA-4 agent, an anti-PD-1 agent, an anti-PD-L1 agent, an anti-PD-L2 agent, a TNF-a cross-linking
agent, a TRAIL cross-linking agent, a CD27 agent, a CD30 agent, a CD40 agent, a 4-1BB agent, a GITR
agent, an OX40 agent, a TRAILR1 agent, a TRAILR2 agent, a TWEAKR agent, and, e.g., agents directed
toward the immunological targets described in Table 1 of Mahoney et al., Cancer Immunotherapy 14.561-
584, 2015, which Is incorporated herein by reference in its entirety. For example, immunological target 4-
1BB ligand may be targeted with an anti-4-1BB ligand antibody; immunological target OX40L may be
targeted with an anti-OX40L antibody; immunological target GITR may be targeted with an anti-GITR
antipody; immunological target CD27 may be targeted with an anti-CD27 antibody; immunological target
TL1A may be targeted with an anti-TL1A antibody; immunological target CD40L may be targeted with an
anti-CD40L antibody; immunological target LIGHT may be targeted with an anti-LIGHT antibody;
immunological target BTLA may be targeted with an anti-BTLA antibody; immunological target LAG3 may
be targeted with an anti-LAG3 antibody; immunological target TIM3 may be targeted with an anti-TIM3
antibody; immunological target Singlecs may be targeted with an anti-Singlecs antibody; immunological
target ICOS ligand may be targeted with an anti-ICOS ligand antibody; immunological target B7-H3 may
be targeted with an anti-B7-H3 antibody; immunological target B7-H4 may be targeted with an anti-B7-H4
antiopody; immunological target VISTA may be targeted with an anti-VISTA antibody; immunological target
TMIGD2 may be targeted with an anti-TMIGD2 antibody; immunological target BTNL2 may be targeted
with an anti-BTNL2 antibody; immunological target CD48 may be targeted with an anti-CD48 antibody;
iImmunological target KIR may be targeted with an anti-KIR antibody; immunological target LIR may be
targeted with an anti-LIR antibody; immunological target ILT may be targeted with an anti-ILT antibody;
immunological target NKG2D may be targeted with an anti-NKG2D antibody; immunological target
NKG2A may be targeted with an anti-NKG2A antibody; immunological target MICA may be targeted with
an anti-MICA antibody; immunological target MICB may be targeted with an anti-MICB antibody;
immunological target CD244 may be targeted with an anti-CD244 antibody; immunological target CSF1R
may be targeted with an anti-CSF1R antibody; immunological target IDO may be targeted with an anti-
IDO antibody; immunological target TGFB may be targeted with an anti-TGFB antibody; immunological
target CD39 may be targeted with an anti-CD39 antibody; immunological target CD73 may be targeted
with an anti-CD73 antibody; immunological target CXCR4 may be targeted with an anti-CXCR4 antibody;
immunological target CXCL12 may be targeted with an anti-CXCL12 antibody; immunological target
SIRPA may be targeted with an anti-SIRPA antibody; immunological target CD47 may be targeted with
an anti-CD47 antibody; immunological target VEGF may be targeted with an anti-VEGF antibody; and
Immunological target neuropilin may be targeted with an anti-neuropilin antibody (see, e.g., Table 1 of
Mahoney et al.).

In some embodiments, radiation includes the use of directed gamma rays or beta rays to induce
sufficient damage to a cell so as to limit its ability to function normally or to destroy the cell altogether.
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In some embodiments, the subject has a neurological disease. In some embodiments, the
neurological disease Is selected from a brain tumor, a brain metastasis, schizophrenia, epilepsy,
Amyotrophic lateral sclerosis (ALS), Parkinson’s disease, Alzheimer’s disease, Huntington’s disease, and
stroke. Preferably, the neurological disease is Amyotrophic lateral sclerosis (ALS), Parkinson’s disease,
or Alzheimer’s disease. In several embodiments, the subject is administered a TNFSF or TNF-like ligand
mutein of the first aspect of the invention selected from the group consisting of a TNF-a mutein,
lymphotoxin mutein (e.g., LT-a mutein and LT-B mutein), CD40L mutein, CD70 mutein, CD153 mutein,
OX40L mutein, FasL mutein, 4-1BB ligand mutein, TRAIL mutein, RANKL mutein, TWEAK mutein, APRIL
mutein, BLys mutein, LIGHT mutein, TL1 mutein, GITRL (also known as TL6) mutein, EDA mutein (e.g.,
EDA-A1 mutein and EDA-A2 mutein), and adiponectin mutein or a nucleic acid molecule of the second
aspect of the invention that encodes the TNFSF or TNF-like ligand mutein. Preferably, the subject is
administered a TNF-a mutein of the invention (e.g., a TNF-a mutein of the first aspect, or a nucleic acid
molecule of the second aspect encoding a TNF-a mutein, or a pharmaceutical composition of the third or
fourth aspect). In particular, the TNF-a mutein is a soluble polypeptide that lacks one or both of the
transmembrane and cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains
are absent. In other embodiments, the TNF-a mutein has the S171C/G224C substitutions and is a
soluble polypeptide (e.g., lacks one or both of the transmembrane and cytoplasmic domains; preferably,
both the transmembrane and cytoplasmic domains are absent). In an embodiment, the TNF-a mutein
has the S171C/G224C substitutions and is a soluble polypeptide (e.g., lacks one or both of the
transmembrane and cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains
are absent) and the disease is Amyotrophic lateral sclerosis (ALS), Parkinson’s disease, or Alzheimer’s
disease.

In some embodiments, the method includes administering a pharmaceutical composition
Including a therapeutically effective amount of the polypeptide that includes all or a portion of TNF-a. In
particular, the polypeptide is a TNF-a mutein that includes all or a portion of TNF-a having one or more
(e.9., one, two, three, or four) of the following cysteine substitutions: R82C, T83C, P84C, S85C, H91C,
N110C, G130C, L131C, Y135C, N168C, L169C, L170C, S171C, A172C, [173C, K174C, S175C, Q178C,
E180C, W190C, Y191C, P193C, G198C, V199C, F200C, Q201C, S223C, G224C, and Q225C, relative to
the amino acid sequence of SEQ ID NO: 1 (or an amino acid sequence having at least one (and
preferably at least two) cysteine substitutions or insertions (as described above) and having at least 50%
(e.g., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence identity to
SEQ ID NO: 1. In an embodiment, the TNF-a mutein is a soluble polypeptide that lacks a transmembrane
domain and, optionally, also a cytoplasmic domain; preferably, both the transmembrane and cytoplasmic
domains are absent.

In other embodiments, the polypeptide is a TNF-a mutein that includes all or a portion of TNF-a
having one or more (preferably one) of the following pairs of cysteine substitutions: G130C/S85C,
L131C/T83C, L131C/P84C, S171C/G224C, N168C/S223C, N168C/G224C, L169C/S223C,
L169C/G224C, L170C/S5223C, S171C/S5223C, S171C/Q225C, A172C/P193C, 1173C/Y191C,
1173C/P193C, K174C/Y191C, S175C/W190C, S175C/Y191C, Q178C/E180C, G198C/Y135C,
V199C/H91C, F200C/H91C, F200C/N110C, Q201C/R82C, and Q201C/T83C, relative to the amino acid
sequence of SEQ ID NO: 1 (or an amino acid sequence having at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and having at least 50% (e.g., at least 60%,
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70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence identity to SEQ ID NO: 1). In
particular, the TNF-a mutein is a soluble polypeptide that lacks one or both of the transmembrane and
cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains are absent.

In some embodiments, the method includes administration of a pharmaceutical composition
iIncluding a nucleic acid molecule encoding a TNF-a mutein that includes all or a portion of TNF-a having
one or more (e.qg., one, two, three, or four) of the following cysteine substitutions: R82C, T83C, P84C,
S85C, H91C, N110C, G130C, L131C, Y135C, N168C, L169C, L170C, S171C, A172C, 1173C, K174C,
S175C, Q178C, E180C, W190C, Y191C, P193C, G198C, V199C, F200C, Q201C, S223C, G224C, and
Q225C, relative to the amino acid sequence of SEQ ID NO: 1 (or an amino acid sequence having at least
one (and preferably at least two) cysteine substitutions or insertions (as described above) and having at
least 50% (e.qQ., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence
identity to SEQ ID NO: 1. In particular, the TNF-a mutein encoded by the nucleic acid molecule is a
soluble polypeptide that lacks one or both of the transmembrane and cytoplasmic domains; preferably,
both the transmembrane and cytoplasmic domains are absent.

In other embodiments, the nucleic acid molecule encodes a TNF-a mutein that includes all or a
portion of TNF-a having one or more (preferably one) of the following pairs of cysteine substitutions:
G130C/S85C, L131C/T83C, L131C/P84C, S171C/G224C, N168C/S223C, N168C/G224C, L169C/S223C,
L169C/G224C, L170C/S223C, S171C/5223C, S171C/Q225C, A172C/P193C, 1173C/Y191C,
1173C/P193C, K174C/Y191C, S175C/W190C, S175C/Y191C, Q178C/E180C, G198C/Y135C,
V199C/HI1C, F200C/HI91C, F200C/N110C, Q201C/R82C, and Q201C/T83C, relative to the amino acid
sequence of SEQ ID NO: 1 (or an amino acid sequence having at least one (and preferably at least two)
cysteine substitutions or insertions (as described above) and having at least 50% (e.g., at least 60%,
70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%) sequence identity to SEQ ID NO: 1. In
particular, the TNF-a mutein is a soluble polypeptide that lacks one or both of the transmembrane and
cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains are absent.

In an embodiment, the nucleic acid molecule encodes a TNF-a mutein that includes all or a
portion of TNF-a having the S171C/G224C substitutions. In particular, the TNF-a mutein encoded by the
nucleic acid molecule is a soluble polypeptide that lacks one or both of the transmembrane and
cytoplasmic domains; preferably, both the transmembrane and cytoplasmic domains are absent.

The method may further include administering one or more immunotherapy agents in combination
with a pharmaceutical composition including a therapeutically effective amount of a TNF-a mutein
described herein in a cancer immunotherapy. In some embodiments, the immunotherapy agent in the
cancer immunotherapy Is selected from the group consisting of an anti- TNF receptor superfamily agonist
antibody, an anti-TNF receptor superfamily antagonist antibody, an anti-CTLA-4 agent, an anti-PD-1
agent, an anti-PD-L1 agent, an anti-PD-L2 agent, a TNF-a cross-linking agent, a CD27 agent, a CD30
agent, a CD40 agent, a 4-1BB agent, a GITR agent, an OX40 agent, a TRAILR1 agent, a TRAILR2
agent, a TWEAKR agent, and, e.g., agents directed toward the immunological targets described in Table
1 of Mahoney et al.

For example, immunological target 4-1BB ligand may be targeted with an anti-4-1BB ligand
antibody; immunological target OX40L may be targeted with an anti-OX40L antibody; immunological
target GITR may be targeted with an anti-GITR antibody; immunological target CD27 may be targeted
with an anti-CD27 antibody; immunological target TL1A may be targeted with an anti-TL1A antibody;
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immunological target CD40L may be targeted with an anti-CD40L antibody; immunological target LIGHT
may be targeted with an anti-LIGHT antibody; immunological target BTLA may be targeted with an anti-
BTLA antibody; immunological target LAG3 may be targeted with an anti-LAG3 antibody; immunological
target TIM3 may be targeted with an anti-TIM3 antibody; immunological target Singlecs may be targeted
with an anti-Singlecs antibody; immunological target ICOS ligand may be targeted with an anti-lICOS
ligand antibody; immunological target B7-H3 may be targeted with an anti-B7-H3 antibody; immunological
target B7-H4 may be targeted with an anti-B7-H4 antibody; immunological target VISTA may be targeted
with an anti-VISTA antibody; immunological target TMIGD2 may be targeted with an anti-TMIGD2
antibody; immunological target BTNL2 may be targeted with an anti-BTNL2 antibody; immunological
target CD48 may be targeted with an anti-CD48 antibody; immunological target KIR may be targeted with
an anti-KIR antibody; immunological target LIR may be targeted with an anti-LIR antibody; immunological
target ILT may be targeted with an anti-ILT antibody; immunological target NKG2D may be targeted with
an anti-NKG2D antibody; immunological target NKG2A may be targeted with an anti-NKG2A antibody;
immunological target MICA may be targeted with an anti-MICA antibody; immunological target MICB may
be targeted with an anti-MICB antibody; immunological target CD244 may be targeted with an anti-CD244
antibody; immunological target CSF1R may be targeted with an anti-CSF1R antibody; immunological
target IDO may be targeted with an anti-IDO antibody; immunological target TGFB may be targeted with
an anti- TGFB antibody; immunological target CD39 may be targeted with an anti-CD39 antibody;
immunological target CD73 may be targeted with an anti-CD73 antibody; immunological target CXCR4
may be targeted with an anti-CXCR4 antibody; immunological target CXCL12 may be targeted with an
anti-CXCL12 antibody; immunological target SIRPA may be targeted with an anti-SIRPA antibody;
immunological target CD47 may be targeted with an anti-CD47 antibody; immunological target VEGF
may be targeted with an anti-VEGF antibody; and immunological target neuropilin may be targeted with
an anti-neuropilin antibody (see, e.g., Table 1 of Mahoney et al.).

In a sixth aspect, the invention features a method of preparing any one of the polypeptides of the
first aspect of the invention (e.g., a soluble polypeptide of the first aspect that lacks one or both of the
transmembrane and cytoplasmic domains of the TNFSF or TNF-like ligand). The method includes: a)
providing a host cell that contains a polynucleotide encoding the polypeptide, b) expressing the
polypeptide in the host cell, and, optionally, ¢) recovering the polypeptide. In an embodiment, the host
cell is prepared by incorporating the nucleic acid molecule into the host cell (e.g., by transformation,
transfection, electroporation, calcium phosphate precipitation, direct microinjection, infection, etc). In
another embodiment, the host cell is in a mammal, e.g., a human. The method may be performed in the
context of a method of treatment (e.g., treatment of one or more of the diseases or disorders of the fifth
aspect of the invention), in which case recovery step c) is not performed. The nucleic acid molecule can
be incorporated by contacting the host cell with a vector (e.g., an adenovirus vector (e.g., Ad5, Ad26,
Ad34, Ad35), poxvirus vector, vaccinia virus vector (e.g., Modified Vaccinia Virus Ankara (MVA)),
retrovirus vector, adeno-associated virus vector, or alphavirus vector) that contains the nucleic acid
molecule. Preferably, the polypeptide is expressed in the form of a multimer, e€.g., a trimer. In other
embodiments, recovery step c¢) of the method includes eliminating polypeptides that are not in the form of
a multimer (e.qg., a trimer). In still other embodiments, the polypeptide is a soluble polypeptide having at
least one (and preferably at least two) cysteine substitutions or insertions (as described above) and
having at least 50% (e.g., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%, 99%, or 100%)
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sequence identity to any one of SEQ ID NOs: 1-735, or a biologically active fragment thereof, and that
lacks the sequence of the transmembrane domain and, optionally, also the cytoplasmic domain;
preferably, both the transmembrane and cytoplasmic domains are absent. In still other embodiments, the
soluble polypeptide has at least one (and preferably at least two) cysteine substitutions or insertions (as
described above) and has at least 50% (e.q., at least 60%, 70%, 75%, 80%, 85%, 90%, 92%, 95%, 97%,
99%, or 100%) sequence identity to the sequence of SEQ ID NO: 1, or a biologically active fragment
thereof, and lacks the sequence of the transmembrane domain and, optionally, also the cytoplasmic
domain; preferably, both the transmembrane and cytoplasmic domains are absent. In an embodiment,
the soluble polypeptide is a TNF-a mutein that has the S171C/G224C substitutions.

In a seventh aspect, the invention features a host cell that expresses a polypeptide of the first
aspect of the invention (e.qg., a soluble polypeptide of the first aspect that lacks one or both of the
transmembrane and cytoplasmic domains of the TNFSF or TNF-like ligand). In particular, the host cell
iIncludes an exogenous nucleic acid molecule encoding the polypeptide (e.g., a nucleic acid molecule of
the second aspect of the invention) in which the nucleic acid molecule is expressed in the host cell. In
some embodiments, the nucleic acid molecule is in a vector. In other embodiments, the host cell is a
human or non-human cell. In still other embodiments, the host cell is in an animal (e.g., a human or a
non-human animal). In some embodiments, the vector is an adenovirus vector (e.g., Add, Ad26, Ad34,
Ad35), poxvirus vector, vaccinia virus vector (e.g., Modified Vaccinia Virus Ankara (MVA)), retrovirus

vector, adeno-associated virus vector, or alphavirus vector.

Definitions

As used herein, the term “soluble polypeptide” refers to an extracellular portion of a TNFSF or
TNF-like ligand. The soluble polypeptide of the invention lacks the transmembrane domain of the TNFSF
or TNF-like ligand and, optionally, also the cytoplasmic domain. Preferably, a soluble polypeptide lacks
both the transmembrane and cytoplasmic domains. The soluble polypeptide contains at least one amino
acid substitution of a surface-exposed (e.g., an exterior facing) amino acid residue of the TNFSF or TNF-
like ligand with a cysteine residue.

As used herein, the term “surface-exposed” is used to describe the location or position of an
amino acid in a TNFSF or TNF-like ligand. A surface-exposed amino acid is located in the extracellular
domain of the TNFSF or TNF-like ligand (e.g., the domain of the TNFSF or TNF-like ligand is naturally
present on the outside of the cell). Preferably, the amino acid is “exterior-facing,” such that the amino
acid iIs spatially located on the outside surface of the protein when it is folded into a tertiary structure. The
exterior facing amino acid is preferably accessible for interaction (e.g., covalent bonding, such as disulfide
bonding) with an amino acid (e.g., a surface-exposed amino acid) on a second TNFSF or TNF-like ligand
(e.9., a TNFSF or TNF-like ligand mutein of the invention), such that the two proteins can produce a
quaternary structure having at least two or more (e.q., at least three) interacting (e.g., disulfide bonded)
monomers.

As used herein, the term “mutein,” “TNFSF ligand mutein,” or “TNF-like ligand mutein” refers to a
TNFSF or TNF-like ligand having at least one amino acid substitution (e.g., two, three, four, five, or Six
amino acid substitutions; in particular two amino acid substitutions) that replace the wild-type residue(s)
(a non-cysteine residue) with a cysteine residue or at least one cysteine insertion (e.g., two, three, four,
five, or six cysteine insertions; in particular two cysteine insertions). The mutein can be covalently
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bonded (e.q., disulfide bonded) to other TNFSF or TNF-like ligands, such as TNFSF or TNF-like ligand
muteins of the invention, to produce multimeric forms, including forms having at least two (e.g., two,
three, four, five, six, seven, eight, nine, or ten) covalently bonded TNFSF or TNF-like ligand monomers.
Preferably, a covalently bonded (e.g., disulfide bonded) mutein contains three TNFSF or TNF-like ligand
monomers. Each TNFSF or TNF-like ligand monomer contains at least one cysteine residue substitution
or insertion (in particular two cysteine residue substitutions or insertions), which forms a disulfide bond
with another cysteine residue on a neighboring TNFSF or TNF-like ligand monomer. For example, a
TNFSF mutein having two cysteine substitutions or insertions can form a trimer in which a first cysteine
residue on a first TNFSF ligand mutein can form a disulfide bond with a first cysteine residue on a second
TNFSF mutein (e.qg., at a different amino acid position relative to the cysteine residue of the first TNFSF
ligand mutein) and a second cysteine residue on the first TNFSF ligand mutein can form a disulfide bond
with a first cysteine residue on a third TNFSF mutein (e.g., at a different amino acid position relative to the
second cysteine residue of the first TNFSF ligand mutein). A second cysteine residue on the second
TNFSF mutein can form a disulfide bond with a second cysteine residue on the third TNFSF mutein to
complete the trimer.

As used herein, the term “TNF homology domain” refers to the C-terminal extracellular domain,
which is the common structural motif shared by TNFSF and TNF-like ligands. The TNF homology domain
has 20-30% amino acid identity between TNFSF ligands and is responsible for binding to the receptor
(Bharat, Nature Reviews Immunology 3.745-756, 2003).

As used herein, the term “TNFSF ligand” refers to structurally related ligands of the tumor
necrosis factor superfamily (TNFSF). Each TNFSF ligand travels as a preferential complex in the body to
bind to its respective receptors to exert its biological activity. TNFSF ligands display diverse functions in
cell proliferation, inflammation, apoptosis, morphogenesis, lymphoid development, and T and B cell
responses. Most TNFSF ligands are synthesized as a type Il transmembrane protein (extracellular C-
terminus) and exist in the form of a homotrimer within the membrane. These transmembrane ligands are
usually released from the outer cell membrane by proteolytic cleavage to form soluble TNFSF ligands.
Soluble TNFSF ligands are not very active as monomers and therefore must multimerize to form
multimers (e.g., a homotrimer) to bind to their receptors. Soluble TNFSF ligands may circulate in the
body as monomers, but optimally form multimers (e.g., a homotrimer) upon receptor binding, thus causing
the receptors to multimerize, as well.

As used herein, the term “TNF-like ligand” refers to ligands that have similar folding topologies,
key amino acid residue conservations, trimer interfaces, and intron positions as those of the TNFSF
ligands. TNF-like ligands include complement-1q (C1q) family of proteins (also known as TNF-related
family of proteins), e.q., adiponectin, myonectin, complement-1g tumor necrosis factor-related protein 3
(C1QTNF3), and C1QTNF5.

As used herein, the term “conservative substitution” refers to the replacement of an amino acid
for another amino acid within a family of amino acids that are related by the similar chemical nature of
their side chains. Genetically encoded amino acids can be divided into four families: acidic (aspartate,
glutamate); basic (lysine, arginine, histidine); nonpolar (alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan); and uncharged polar (glycine, asparagine, glutamine, cysteine,
serine, threonine, tyrosine). Phenylalanine, tryptophan, and tyrosine are sometimes grouped as aromatic
amino acids. In similar fashion, the amino acids can also be separated into the following groups: acidic
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(aspartate, glutamate); basic (lysine, arginine, histidine); aliphatic (glycine, alanine, valine, leucine,
ISoleucine, serine, threonine), with serine and threonine optionally grouped separately as aliphatic-
hydroxyl; aromatic (phenylalanine, tyrosine, tryptophan); amide (asparagine, glutamine); and sulfur-
containing (cysteine, methionine).

As used herein, the term “specifically binds” refers to the preferential association of a binding
moiety (e.g., a TNFSF or TNF-like ligand mutein, such as a TNF-a mutein) to a target molecule (e.g., a
TNFSF receptor, such as TNFR2) in the presence of other molecules in a sample (e.g., a biological
sample) or in vivo or ex vivo. It is recognized that a certain degree of non-specific interaction may occur
between a binding moiety and a non-target molecule. Nevertheless, specific binding may be
distinguished as mediated through specific recognition of the target molecule. Specific binding results in
a stronger association between the binding moiety (e.g., a TNFSF or TNF-like ligand mutein, such as a
TNF-a mutein) and a target molecule (e.g., a TNFSF receptor, such as TNFR2) than between the binding
moiety and a non-target molecule. For example, a TNFSF mutein may specifically bind to a TNFSF
receptor (a target molecule) over other receptors (e.9., a non-TNFSF receptor (a non-target molecule)).
The TNFSF mutein may have, e.g., at least 2-fold greater affinity (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 10°-, 10°-,
10%-, 10°-, 10°-, 10’-, 10°-, 10°-, or 10'°-fold greater affinity) to TNFSF receptor than to a non-TNFSF
receptor. In a specific example, a TNF-a mutein may specifically bind to TNFR2 (a target molecule) over
TNFR1 (a non-target molecule). The TNF-a mutein may have, e.g., at least 2-fold greater affinity (e.g., 2,
3,4,5,6,7,8,9,10, 10°-, 10°-, 10*-, 10°-, 10°-, 10’-, 10°-, 10°-, or 10'°-fold greater affinity) for TNFR2
than for TNFR1 or other TNFSF receptors.

As used herein, the term “agonist” refers to a biologically active ligand, e€.g., a protein, a nucleic
acid, a lipid, a carbohydrate, that interacts with a cell receptor to produce a biological response, €.g., a
stimulatory signal, in a cell. Preferably, agonists refer to TNFSF and TNF-like ligand muteins that act to
stimulate cells (e.g., immune cells) by preferentially interacting with specific receptors of TNFSF and TNF-
like ligands on the cells (e.g., immune cells).

As used herein, the term “antagonist” refers to a biologically active ligand, e.g., a protein, a
nucleic acid, a lipid, a carbohydrate, that interacts with a cell receptor to inhibit or reduce a biological
response in a cell. Preferably, antagonists refer to TNFSF and TNF-like ligand muteins that act to inhibit
or reduce the activity of cells (e.g., iImmune cells and cancer cells) by interacting with specific receptors of
TNFSF and TNF-like ligands on the cells.

As used herein, the term “TNFR2-specific agonist” refers to a biologically active ligand, €.9., a
protein, a nucleic acid, a lipid, a carbohydrate, that interacts with the TNFR2 receptor to produce a
biological response, €.g., a stimulatory signal, in a cell. Preferably, a TNFR2-specific agonist is a TNF-a
mutein that acts to stimulate cells (e.g., iImmune cells) by preferentially interacting with TNFR2 receptors
on the cells (e.q., immune cells). For example, a TNF-a mutein may specifically bind to TNFR2 (a target
molecule) over TNFR1 (a non-target molecule). The TNF-a mutein may have, e.g., at least 2-fold greater
affinity (e.g., 2, 3, 4, 5, 6, 7, 8,9, 10, 10>, 10°-, 10*-, 10°-, 10°-, 10’-, 10°-, 10°-, or 10'°-fold greater
affinity) for TNFR2 than for TNFR1 or other TNFSF receptors.

As used herein, the term “percent (%) sequence identity” refers to the percentage of amino acid
(or nucleic acid) residues of a candidate sequence, e.g., a TNFSF ligand mutein, that are identical to the
amino acid (or nucleic acid) residues of a reference sequence, e.g., a wild-type TNFSF ligand, after
aligning the sequences and introducing gaps, If necessary, to achieve the maximum percent sequence
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identity (€.9., gaps can be introduced in one or both of the candidate and reference sequences for optimal
alignment and non-homologous sequences can be disregarded for comparison purposes). Alignment for
purposes of determining percent sequence identity can be achieved in various ways that are within the
skill in the art, for instance, using publicly available computer software such as BLAST, ALIGN or
Megalign (DNASTAR) software. Those skilled in the art can determine appropriate parameters for
measuring alignment, including any algorithms needed to achieve maximal alignment over the full length
of the sequences being compared. In particular embodiments, a reference sequence aligned for
comparison with a candidate sequence may show that the candidate sequence exhibits from 50% to
100% sequence identity across the full length of the candidate sequence or a selected portion of
contiguous amino acid (or nucleic acid) residues of the candidate sequence. The length of the candidate
sequence aligned for comparison purposes is at least 30%, e.g., at least 40%, e.q., at least 50%, 60%,
70%, 80%, 90%, or 100% of the length of the reference sequence. When a position in the candidate
sequence Is occupied by the same amino acid residue as the corresponding position in the reference
sequence, then the molecules are identical at that position.

As used herein, the term “substantially identical” refers to a polypeptide or polynucleotide
sequence that has the same polypeptide or polynucleotide sequence, respectively, as a reference
sequence, or has a specified percentage of amino acid residues or nucleotides, respectively, that are the
same at the corresponding location within a reference sequence when the two sequences are optimally
aligned. For example, an amino acid sequence that is “substantially identical” to a reference sequence
has at least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to the reference amino acid sequence. For polypeptides, the length of comparison sequences will
generally be at least 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 50, 75, 90, 100, 150, 200,
250, 300, or 350 contiguous amino acids or more (e.g., the full-length sequence). For nucleic acids, the
length of comparison sequences will generally be at least 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 50, 75, 100, 200, 300, 400, 500, 1000, 2000, 3000, 4000, 5000 or more contiguous
nucleotides (e.g., the full-length nucleotide sequence). Sequence identity may be measured using
sequence analysis software on the default setting (e.g., Sequence Analysis Software Package of the
Genetics Computer Group, University of Wisconsin Biotechnology Center, 1710 University Avenue,
Madison, W| 53705). Such software may match similar sequences by assigning degrees of homology to
various substitutions, insertions, deletions, and other modifications.

As used herein, the term “subject” refers to either a non-primate (e.g., a cow, pig, horse, cat, dog,
rat, etc.) or a primate (e.g., a monkey or a human), most preferably a human being. In a preferred
embodiment, the subject is a normal human (e.g., having no diagnosed or obvious disease or disorder).
In another preferred embodiment, the subject is a human that has an untreated (e.g., untreated but
diagnosed) or treated disease or disorder.

As used herein, the term “therapeutically effective amount” refers to an amount effective to
achieve the desired therapeutic effect. In particular, the therapeutic effective amount avoids adverse side
effects.

As used herein, the term “treatment” refers to an approach for obtaining beneficial or desired
results, such as clinical results. Beneficial or desired results can include, but are not limited to, alleviation
or amelioration of one or more symptoms or conditions; diminishment of extent of disease, disorder, or
condition; stabilization (e.g., not worsening) of a state of disease, disorder, or condition; prevention of
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spread of disease, disorder, or condition; delay or slowing the progress of the disease, disorder, or
condition; amelioration of the disease, disorder, or condition; and remission (whether partial or total),
whether detectable or undetectable.

DESCRIPTION OF THE DRAWINGS
Figure 1 from Bremer et al. (/1SRN Oncology 2013:371854, 2013) shows a cartoon depiction of TNFSF
ligand/TNFSF receptor signaling. TNFSF ligands are typically produced as Type Il transmembrane
proteins, but the extracellular domain of most of these ligands can also be proteolytically cleaved by
proteases into a soluble form. Typically, the soluble ligand retains binding activity but has lost some or all
receptor-activating activity.

Figures 2A and 2B show a 3D model of a homo-trimeric TNF-a mutein composed of covalently cross-
linked TNF-a monomers. Figure 2A shows a top view of the homo-trimer. Each monomer Is a
S171C/G224C (amino acids 77 to 233 of SEQ ID NO: 28; corresponds to S95C and G148C of PDB ID:
1TNF) double mutant of TNF-a. The three monomers and their surface representations are shown. Each
boxed region highlights the Cys-Cys bond between two monomers. G171 of monomer 1 is bound to
C224 of monomer 2. G224 of monomer 1 is bound to C171 of monomer 3. C171 of monomer 2 is bound
to C224 of monomer 3. Figure 2B shows a side view of the homo-trimer. The boxed region highlights
one of the Cys-Cys bonds and the inset shows the close-up view. Residues 171 and 224 are shown in
stick representation. The model was generated by Modeller (v. 9.12) using the structure of mouse TNF
(PDB ID: 2TNF) as the template. The pictures were created by the program PyMol.

Figures 3A, 3B, and 3C show the molecular and functional traits of the TNF-a mutein (“TNF07”, a
covalently cross-linked, homo-trimeric TNF-a mutein) compared to wild-type soluble TNF-a (non-
covalently cross-linked, homo-trimeric TNF-a) on gels, in CD4 T-regulatory expansion assays, and as
proliferative agents on human CD8 T cells or killing agents on autoreactive diabetic T cells. Figure 3A
shows an analysis of wild-type soluble TNF-a and the TNF-a mutein on a Western blot. The analysis
reveals wild-type soluble TNF-a remains a monomer with approximate MW of 25 kD, but the TNF-a
mutein remains a stable trimer with approximate MW of 75 kD. Figure 3B shows an expansion of human
T requlatory T cells (CD4+CD25+FOXP3+) with wild-type soluble TNF-a, TNF-a mutein, or a TNFR2
antibody antagonist compared to the typical expansion with [L-2 alone. Figure 3C shows: (i) Wild-type
soluble TNF-a (“(2)”) and covalent homo-trimer of TNF-a mutein (“(1)”) induce CD8 T cell proliferation in a
dose dependent fashion in cells obtained from ten normal subjects. The covalent homo-trimer of TNF-a
mutein has higher potency on normal cells than wild-type soluble TNF-a. (ii) Wild-type soluble TNF-a
(“(2)”) and covalent homo-trimer of TNF-a mutein (“(1)”) induce targeted CD8 autoreactive T cells death in
a dose dependent fashion in cells obtained from six Type-1 diabetic subjects, followed by proliferation of
the remaining non-diseased CD8 T cells at higher concentrations of TNF-a. The covalent homo-trimer of
TNF-a mutein at lower concentrations showed higher potency than wild-type soluble TNF-a.

DETAILED DESCRIPTION OF THE INVENTION
TNFSF and TNF-like ligands share the TNF homology domain and form non-covalent homo-
multimers, e.g., homo-trimers, in order to bind to their respective receptors to exert signaling. These
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multimers naturally form when the membrane-bound TNFSF or TNF-like ligands associate. However, the
dissociation of naturally occurring multimers, e.q., trimers, at low concentrations results in ligand
degradation and elimination from the body. Disclosed herein is a platform technology that provides
covalently cross-linked (e.qg., disulfide-bonded) multimers, €.9., dimers, trimers, etc., of TNFSF and TNF-
like ligands (in particular, trimers of the TNFSF ligand TNF-a), which exhibit increased stability and
improved half-life and signaling activities.

TNFSF and TNF-Like Ligand Muteins of the Invention

TNFSF and TNF-like ligand muteins of the invention contain at least two TNFSF or TNF-like
ligand monomers (in particular, e.g., three monomers) that are covalently cross-linked due to the addition
of at least one cysteine residue (by substitution or insertion) that promotes the formation of a disulfide
bond between the at least two (e.g., three) monomers. TNFSF ligands, which are expressed naturally in
a membrane bound form, can be proteolytically cleaved so that the extracellular domain is released as a
soluble protein. Alternatively, a soluble form of the TNFSF ligand can be produced by recombinant or
synthetic methods known in the art. The TNFSF ligand muteins of the invention include both
transmembrane bound and soluble forms that form homo-multimers (e.g., homo-trimers). Preferably, the
TNFSF ligand muteins are soluble (i.e., lack the transmembrane domain and, optionally, also the
cytoplasmic domain (preferably both the transmembrane and cytoplasmic domains are absent)). Each
TNFSF ligand mutein contains at least one cysteine residue substitution or insertion, preferably two
cysteine residue substitutions or insertions. The TNFSF ligand muteins of the invention may be cross-
linked to form homo-multimers when at least one cysteine residue of a TNFSF ligand mutein forms a
disulfide bond with another cysteine residue on a neighboring TNFSF ligand mutein, thereby linking the
two muteins through a covalent bond. In some embodiments, a disulfide bond may be formed between a
substituted or inserted cysteine residue of one TNFSF ligand mutein and a substituted or inserted
cysteine residue of a second TNFSF ligand mutein, between a substituted or inserted cysteine residue of
one TNFSF ligand mutein and a naturally occurring cysteine residue of a second TNFSF ligand mutein, or
between two naturally occurring cysteine residues of two TNFSF ligand muteins. In other embodiments,
a naturally occurring cysteine residue of a TNFSF ligand may be substituted to a non-cysteine residue,
e.g., a serine, to avoid undesired dimer or multimer formation caused by, e.g., hon-specific disulfide bond
formation, or to eliminate a naturally occurring cysteine residue that forms a disulfide bond in the wild-type
TNFSF ligand. Alternatively, aside from cross-linking TNFSF ligand muteins by disulfide bonds, homo-
multimers, e.g., homo-trimers, of TNFSF ligand muteins may also be formed through other means of
cross-linking, such as chemical cross-linking, known in the art.

TNF-like ligands are ligands that have similar folding topologies, key amino acid residue
conservations, trimer interfaces, and intron positions as those of the TNFSF ligands. The invention also
features muteins of TNF-like ligands, such as the complement-1q (C1q) family of proteins (also known as
TNF-related family of proteins), e.g., adiponectin, myonectin, complement-1q tumor necrosis factor-
related protein 3 (C1QTNF3), and C1QTNF5. Each TNF-like ligand mutein also includes at least one
cysteine residue substitution or insertion. The TNF-like ligand muteins of the invention may be cross-
linked to form homo-multimers when at least one cysteine residue of a TNF-like ligand mutein forms a
disulfide bond with another cysteine residue on a neighboring TNF-like ligand mutein, thereby linking the
two muteins through a covalent bond. In some embodiments, a disulfide bond may be formed between a
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substituted or inserted cysteine residue of one TNF-like ligand mutein and a substituted or inserted
cysteine residue of a second TNF-like ligand mutein, between a substituted or inserted cysteine residue
of one TNF-like ligand mutein and a naturally occurring cysteine residue of a second TNF-like ligand
mutein, or between two naturally occurring cysteine residues of two TNF-like ligand muteins. In other
embodiments, a naturally occurring cysteine residue of a TNF-like ligand may be substituted to a non-
cysteine residue, e.g., a serine, to avoid undesired dimer or multimer formation caused by, €.g., non-
specific disulfide bond formation, or to eliminate a naturally occurring cysteine residue that forms a
disulfide bond in the wild-type TNF-like ligand. Alternatively, aside from cross-linking TNF-like ligand
muteins by disulfide bonds, homo-multimers, €.9., homo-trimers, of TNF-like ligand muteins may also be
formed through other means of cross-linking, such as chemical cross-linking, known in the art.

The addition of two or more cysteine residues by substitution or insertion allows for the formation
of disulfide bonded dimers, trimers, and higher order multimers. Preferably, the result is the formation of
homo-trimers of TNFSF or TNF-like ligand muteins (e.g., homo-trimers of TNF-a muteins). Some of the
TNFSF and TNF-like ligand muteins include TNF-a, lymphotoxin (e.g., LT-a and LT-), CD40L, CD70,
CD153, OX40L, Fas ligand (FaslL), 4-1BB ligand (4-1BBL), TRAIL, RANKL, TWEAK, APRIL, BLys,
LIGHT, TL1, GITRL (also known as TL6), EDA (e.g., EDA-A1 and EDA-A2), and adiponectin. The
TNFSF and TNF-like ligand muteins (full-length or fragments thereof) of the invention can be cross-linked
(€.9., disulfide bonded) to form homo-multimers (e.qg., homo-trimers), for example, by the formation of
disulfide bonds between muteins at the newly added cysteine residue(s). In some embodiments, the
TNFSF or TNF-like ligand mutein or biologically active fragment thereof has, in addition to the cysteine
substitution(s) or insertion(s), at least 50% sequence identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 99%, or 100% sequence identity) to a sequence selected from any one of SEQ ID
NOs: 1-735 or a biologically fragment thereof (e.g., a fragment corresponding to the soluble portion of the
TNFSF or TNF-like ligand, such as a portion lacking the transmembrane domain and, optionally, also the
cytoplasmic domain (preferably both the transmembrane and cytoplasmic domains are absent)).

The UniPort Accession Nos and the PDB ID No. for each TNFSF and TNF-like ligand are listed in
Table 1 and Table 2. The amino acid sequences (SEQ ID NOs: 1, 40, 76, 112, 132, 167, 203, 236, 267,
297, 333, 369, 398, 435, 467, 506, 542, 562, 590, and 688) identified by the UniPort Accession Nos. are
the wild-type sequences of full-length TNFSF and TNF-like ligands. To engineer each TNFSF and TNF-
like ligand mutein, the crystal structure corresponding to the PDB ID was used to identify amino acids in
each TNFSF and TNF-like ligand that could be substituted with a cysteine residue. For example, a
TNFSF mutein having two cysteine substitutions can form a homotrimer. Each TNFSF ligand mutein
monomer interacts with two other monomers to form three identical monomer-monomer interfaces in the
homotrimer. Based on available crystal structures and general knowledge in the art, the Ca-Ca bond
distance between two cysteine residues in a disulfide bond ranges from 4 to 9 A (The Anatomy and
Taxonomy of Protein Structure (Richardson, 2000)). Two residues, one on each adjacent monomer, with
their o carbons less than 9 A away from each other, were identified and substituted with cysteine
residues. As an example, a TNF-a mutein monomer that contains two cysteine substitutions, S171C and
(G224C, can be provided according to the invention. The first cysteine residue S171C on a first TNF-a
mutein can form a disulfide bond with the second cysteine residue G224C on a second TNF-a mutein and
the second cysteine residue G224C on the first TNF-a mutein can form a disulfide bond with the first
cysteine residue S171C on a third TNF-a mutein. The first cysteine residue S171C on the second TNF-a
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mutein can form a disulfide bond with the second cysteine residue G224C on the third TNF-a mutein to
complete the trimer. In other embodiments, specific regions on two neighboring monomers that are
located in proximity to each other may be identified and cysteine insertions may be added within each
region of the monomer using conventional techniques in the field (e.g., site-directed mutagenesis and
protein synthesis).

In other embodiments, the TNFSF or TNF-like ligand mutein contains one or more cysteine
substitutions or insertions (e.q., two substitutions or insertions) that are located within one or more of the
amino acid regions listed in Table 2. As an example, the TNF-a mutein contains one or more cysteine
substitutions or insertions (e.q., two substitutions or insertions) that are located within one or more of the
following regions: amino acids 77-94, 107-113, 127-138, 165-204, and 220-228, relative to the amino acid
sequence of SEQ ID NO: 1 (e.g., one cysteine substitution or insertion within two different regions).

For five TNFSF ligands, TNF-a, LT-a, TWEAK, TL1, and GITRL (also known as TL6), the amino
acid numbering under the PBD ID Nos. is different from the amino acid numbering under the UniPort
Accession Nos. For example, for TNF-a, S95C and G148C of PDB ID No. 1TNF, chain A, correspond to
S171C and G224C of UniPort Accession Nos. P01375, 043647, Q9P1Q2, and Q9UIV3.

In some embodiments, TNFSF and TNF-like ligand muteins of the invention may be modified with
agents, such as small molecules, peptides, or proteins to improve protein expression, increase half life, or
improve therapeutic effect. In some embodiments, the modified TNFSF and TNF-like ligand muteins may
be conjugated to an agent, €.g., a small molecule, a peptide, or a protein after covalent bonding (e.g.,
disulfide bond formation) to form a homo-multimer, e.g., a homo-trimer (TNFSF or TNF-like ligand
multimers are also referred to herein as TNFSF or TNF-like ligand mutein complexes). In other
embodiments, the TNFSF or TNF-like ligand muteins may first be conjugated to an agent, €.g., a small
molecule, a peptide, or a protein, and then covalently bonded to form a homo-multimer, €.g., a homo-
trimer. Small molecules that may be conjugated to a TNFSF or TNF-like ligand mutein or to a cross-
linked TNFSF or TNF-like ligand mutein complex (e.g., a homo-trimer) include, but are not limited to,
various organic small molecule drugs, e.g., anti-cancer agents that are well known in the art (see, e.g.,
the anticancer agents described in US Patent Nos. 8,779,008 and 8,771,966, each of which is
iIncorporated herein by reference in its entirety). Peptides and proteins that may be conjugated to a
TNFSF or TNF-like ligand mutein or to a cross-linked TNFSF or TNF-like ligand mutein complex include,
but are not limited to, a linker sequence (e.g., a cleavable linker sequence), glycosylated peptides,
aloumin-binding peptides, antibodies (e.qg., IgA, IgD, IgE, IgM, IgG (e.qg., IgG1, IgG2, 1gG3, 1gG4),
fragments of antibodies, bi-specific antibodies, ), Fc domains, Fc fusion proteins, transferrin fusion
proteins, and peptide-based drugs (e.g., those described in US Patent Nos. 8,772,231, 8,716,247,
8,211,656, 8,362,218, 7,833,979, 7,566,767, and 8,084,493, each of which Is incorporated herein by
reference in its entirety, and certain toxins). Other ways to create complex fusion proteins are described
in Fusion Protein Technologies for Biopharmaceuticals: Applications and Challenges (Wiley Publishing,
2013), incorporated herein by reference.

In some embodiments, the TNFSF or TNF-like ligand mutein may be directly conjugated to an
agent, such as a small molecule, a peptide, or a protein via a simple covalent bond, €.9., a peptide bond,
or any Kind of bond created from a chemical reaction, e.g., by chemical conjugation. In other
embodiments, a linker may be used to connect the TNFSF or TNF-like ligand mutein to the agent, €.9g., a
small molecule, a peptide, or a protein. A linker can be a peptide, a protein, or a synthetic polymer, e.g.,
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a polyethylene glycol (PEG) polymer. For example, when the linker is a peptide, the carboxylic acid
group at the C-terminus of a TNFSF or TNF-like ligand mutein can be joined to the amino group at the N-
terminus of the peptide linker and the carboxylic acid group at the C-terminus of the peptide linker can be
joined to the agent. Alternatively, the amino group at the N-terminus of a TNFSF or TNF-like ligand
mutein can be joined to the carboxylic acid group at the C-terminus of the peptide linker and the amino
group at the N-terminus of the peptide linker can be joined to the agent. Suitable peptide linkers are
known in the art, and include, for example, peptide linkers containing flexible amino acid residues such as
glycine and serine, e€.g., multiple or repeating motifs, of GS, GGS, GGGGS, GGSG, or SGGG. Methods
that can be used to construct conjugates or fusion proteins of TNFSF or TNF-like ligand muteins and
agents, such as small molecules, peptides, and proteins (e.qg., full-length antibodies, Fc domains) are
described in US Patent Publication Numbers US20070083006, US20130309192, US20130165389, and
US20130065815, which are incorporated by reference in their entireties.

TNFSF and TNF-like ligand muteins of the invention also include muteins that act specifically as
agonists or antagonists of their respective receptors. Generally, in addition to the cysteine residue
substitution(s) or insertion(s), a TNFSF or TNF-like ligand mutein may contain other amino acid
substitution(s) or insertion(s) that alter the binding affinities of the TNFSF or TNF-like ligand mutein to its
respective receptor. Substitutions or insertions that produce agonist or antagonist TNFSF or TNF-like
ligand muteins are described herein. The TNFSF and TNF-like ligand muteins may be beneficial in
several therapeutic areas including, but not limited to, the treatment of autoimmune diseases,
neurological diseases, cancers, infectious diseases, metabolic diseases (e.g., diabetes), macular
diseases (e.g., macular degeneration), muscular atrophy, diseases related to miscarriage, vascular
diseases (e.g., atherosclerosis), diseases related to bone loss (i.e., bone loss as a result of menopause,
osteoporosis), allergies, blood disorders (e.g., hemophilia), AIDS, musculoskeletal disorders, diseases
related to growth receptors, obesity, use In tissue or organ repair or regeneration, and use in organ
transplantation procedures (e.g., to treat or reduce complications resulting from organ transplantation
(e.9., graft-versus-host disease (GVHD) and graft rejection)).

ITNF-a mutein

Tumor necrosis factor (INF)-a, a ligand of the TNF superfamily, is a pleiotropic cytokine with
diverse functions in cell proliferation, inflammation, apoptosis, and morphogenesis. TNF-a is naturally
expressed as a non-covalent trimeric transmembrane protein that can be cleaved to produce a soluble
TNF-a trimer. TNF-a plays an important role in the immune system and has become an important target
for cancer and autoimmunity. The transmembrane TNF-a and soluble TNF-a exert their functions via two
receptors, TNF receptor 1 (TNFR1) and TNFR2. TNFR1 is ubiquitously expressed in the lymphoid
system and in nearly all cells of the body. TNFR1 contains a cytoplasmic death domain that is
responsible for apoptotic signaling. Activation of TNFR1 alone by exogenous TNF-a is systemically toxic.
Ligand binding to TNFR1 activates the cytoplasmic death domain which binds to adaptor proteins
TNFR1-associated death domain (TRADD) and Fas-associated death domain (FADD), triggering
apoptosis. Additionally, TNF-a-induced TNFR1 signaling also activates classical nuclear factor kappa B
(NFkB) proinflammatory signaling through the adaptor protein TRADD.

TNFR2 lacks the cytoplasmic death domain and has a more limited cellular expression in immune
cells, endothelial cells, and certain neuronal cells. Despite not having the cytoplasmic death domain,
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TNFR2 plays an important role in modulating TNFR1 signaling and can shift the balance from
inflammatory to apoptotic signaling. Specifically, binding of TNF-a to TNFR2 modulates TNFR1 signaling
via proteasomal degradation of certain adaptor proteins. Typically, cells that express TNFR2 also
express TNFR1, with the ratio of expression varying according to cell type and functional role. The ratio
of the co-expression of TNFR1 and TNFR2 shifts the balance between cell survival and apoptosis.
TNFR2 agonism may provide a more targeted immunotherapy with reduced toxicity because of its more
limited cellular expression. TNFR2 agonists and TNF-inducers have recently emerged as new treatment
strategies for autoimmune diseases, including the selective elimination of autoreactive T cells and
iInduction of T-regulatory cells. Due to the more limited expression of TNFR2, signaling through TNFR2
provides a potentially more targeted therapy with fewer side effects. Soluble TNF-a trimer binds with low
affinity to TNFR2 and signals almost exclusively through TNFR1; only transmembrane trimeric TNF-a can
effectively activate TNFR2. Furthermore, the soluble TNF-a trimer tends to dissociate rapidly into
monomers following its release from the membrane via proteolytic cleavage by TNF-a converting enzyme
(TACE).

There are two major benefits of TNFR2 signaling. In normal T cells, activation of TNFR2 can
promote cell proliferation or differentiation. In autoreactive T cells, activation of TNFR2 can favor a
pathway of selective apoptosis due to a variety of protein signaling defects in those cells. For example,
NFKB dysfunction in autoreactive T cells makes them selectively vulnerable to TNF-a-induced apoptosis
due to the inability to activate pro-survival genes. Studies have shown that an agonist of TNFR2 can
selectively destroy autoreactive T cells, but not healthy T cells in blood samples from patients of Type-1
diabetes (Bremer, ISAN Oncology 2013:1-25, 2013; Faustman et al., Frontiers In Immuno. 4.1-8, 2013).
TNFR2 agonists have also been shown to selectively kill autoreactive T cells in patients with other types
of disease, such as multiple sclerosis, Graves' Disease, and Sjogren's Syndrome (Bremer, ISREN
Oncology 2013:1-25, 2013; Faustman et al., Frontiers In Immuno. 4:1-8, 2013). Activation of TNFR2 has
been explored as a therapeutic method for treating autoimmune diseases and cancers. In addition,
antagonists to TNFR1, which bias signaling molecules, €.9., TNF-a, to act solely through TNFR2, have
also been explored as a method of selective TNFR2 signaling. Thus, stable forms of TNF-a that
specifically activate TNFR2 signaling may exhibit useful therapeutic benefits.

Cross-linked (e.qg., disulfide bonded) TNF-a mutein complexes of the invention include at least
two TNF-a muteins (e.q., two, three, four, five, Six, seven, eight, nine, or ten muteins, preferably three
muteins). Each TNF-a mutein of the complex includes at least one cysteine residue substitution or
iInsertion that allows formation of a disulfide bond with a cysteine residue on a neighboring TNF-a mutein.
The TNF-a mutein may be a transmembrane domain-containing TNF-a (i.e., a membrane bound form of
TNF-a) or a soluble TNF-a. Preferably, the TNF-a mutein is a soluble TNF-a lacking the transmembrane
domain and optionally, also the cytoplasmic domain (preferably both the transmembrane and cytoplasmic
domains are absent). Each TNF-a mutein is covalently bonded (e.q., disulfide bonded) to a neighboring
TNF-a mutein in the complex. In some embodiments, a disulfide bond may be formed between
substituted cysteine residues on neighboring TNF-a muteins, between a substituted cysteine residue and
a naturally occurring cysteine residue on neighboring TNF-a muteins, or between naturally occurring
cysteine residues on neighboring TNF-a muteins. Multimers of TNF-a muteins of the invention are
composed of two, three, four, or more, preferably three, TNF-a muteins or biologically active fragments
thereof. Preferably, the TNF-a muteins are the same (e.g., homo-multimers, such as homo-trimers),
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although the invention also includes hetero-multimers (e.g., hetero-trimers) of TNF-a muteins. In some
embodiments, each TNF-a mutein or fragment thereof has at least one cysteine substitution or insertion
(e.g., 2, 3, 4, or more cysteine substitution or insertion, preferably 2) and has at least 50% sequence
identity (e.g., 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99%, or 100%) to a sequence
selected from any one of SEQ ID NOs: 1-39 and 624-638 or a biologically active fragment thereof.

In one embodiment, the TNF-a mutein is a soluble TNF-a mutein that forms a TNF-a homo-trimer
In which each monomer contains cysteine substitutions that replace two naturally occurring amino acid
residues (i.e., non-cysteine residues) with cysteine residues or one or more cysteine insertions. In some
embodiments, the TNF-a mutein contains one or more of the following cysteine substitutions: R82C,
183C, P84C, S85C, H91C, N110C, G130C, L131C, Y135C, N168C, L169C, L170C, S171C, A172C,
1173C, K174C, S175C, Q178C, E180C, W190C, Y191C, P193C, G198C, V199C, F200C, Q201C,
S223C, G224C, and Q225C, relative to SEQ ID NO: 1. In some embodiments, the TNF-a mutein
contains one or more (preferably one) of the following pairs of cysteine substitutions: G130C/S85C,
L131C/T83C, L131C/P84C, S171C/G224C, N168C/S223C, N168C/G224C, L169C/S223C,
L169C/G224C, L170C/S223C, S171C/5223C, S171C/Q225C, A172C/P193C, 1173C/Y191C,
1173C/P193C, K174C/Y191C, S175C/W190C, S175C/Y191C, Q178C/E180C, G198C/Y135C,
V199C/H91C, F200C/H91C, F200C/N110C, Q201C/R82C, and Q201C/T83C, relative to SEQ ID NO: 1.
In one embodiment, the TNF-a mutein includes substitutions S171C and/or G224C, such that S171C on
one mutein could form a covalent disulfide bond with G224C on a neighboring TNF-a mutein. In other
embodiments, the TNF-a mutein contains one or more cysteine substitutions or insertions (e.g., two
substitutions or insertions) that are located within one or more of the following regions: amino acids 77-
94, 107-113, 127-138, 165-204, and 220-228, relative to the amino acid sequence of SEQ ID NO: 1 (e.qg.,
one cysteine substitution or insertion within two different regions). The amino acid numbering Is relative
to the wild-type TNF-a sequence (e.g., SEQ ID NO: 1; UniProt Accession NOs: P01375, 043647,
Q9P1Q2, and QQUIV3).

Amino acid residue Ser171 of TNF-a (corresponding to S95 of PDB ID: 1TNF, chain A) sits on a
structurally conserved B strand. The amino acid change from Ser to Cys is chemically conserved such
that the substitution is unlikely to cause any disturbance in TNF-a secondary or tertiary structure or
function. Amino acid residue Gly224 of TNF-a (corresponding to G148 in PDB ID: 1TNF, chain A) is
located at the edge of loop 221-223 that participates in receptor binding, but Gly224 itself is not involved
In receptor interaction. A comparison of known wild-type soluble TNF-a structures shows that amino acid
residue 224 moves little between free and receptor bound forms, thus maintaining the ideal distance with
amino acid residue 171 for disulfide bond formation at all times. In addition, unlike bulky external
additions or chemical cross-linkers, amino acid residues S171 and G224 (corresponding to S95 and
(G148 of PDB ID: 1TNF, chain A) are hidden from the surface in the TNF-a homo-trimer (Figure 2). Thus,
it Is unlikely that substitutions at these residues would induce iImmunogenicity or cause toxicity. Figure 2
shows the covalent homo-trimer of TNF-a formed from three monomers of the S171C/G224C (S95/(G148)
double cysteine TNF-a mutein.

TNF-a muteins of the invention, e€.g., when they form a homo-trimer, may act as a receptor
agonist or antagonist (e.g., an agonist of TNFR2 or TNFR1, preferably an agonist of TNFR2). In addition
to the cysteine residue substitutions or insertions, the TNF-a mutein may contain other amino acid
substitutions or insertions that change the binding affinity of the TNF-a mutein, e.g., such that the TNF-a
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mutein preferentially binds to TNFR2 over TNFR1 or vice versa. For example, TNF-a muteins having one
or more of the amino acid substitutions Q67K, A145F, and A145R, are agonists of TNFR2. The
covalently cross-linked (e.g., disulfide bonded) homo-trimers of TNF-a having one or more of these
substitutions exhibit the ability to induce CD8" cell death and to promote the proliferation of T-regulatory
cells, both via TNFR2 signaling.

T-regulatory cells are a type of iImmunosuppressive cell that displays diverse clinical applications
in transplantation, allergy, infectious disease, GVHD, autoimmunity, and cancer. T-regulatory cells have
been proposed to prevent or treat autoimmune diseases, but the rate-limiting problem has been obtaining
sufficient quantities of T-regulatory cells, whether by generating them ex vivo or stimulating their
production in vivo. Activation of TNFR2 signaling has been demonstrated to induce differentiation of CD4
T cells to T-regulatory cells, which is characterized most commonly by the co-expression of CD25 and the
transcription factor forkhead box P3 (FOXP3) intracellular protein.

To test the function of a TNF-a mutein of the invention (e.g., a TNF-a homo-trimer), CD4 T cells
may be contacted with the TNF-a mutein homo-trimer and the ac