MULTIVALENT AND MULTISPECIFIC DRS-BINDING FUSION PROTEINS
RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
62/193,309, filed July 16, 2015, the contents of which are incorporated herein by reference

in their entirety.
FIELD OF THE INVENTION

[0002] The disclosure relates generally to molecules that specifically engage death
receptor 5 (DRS), a member of the TNF receptor superfamily (TNFRSF). More specifically

the disclosure relates to multivalent and multispecific molecules that bind at least DRS5.
BACKGROUND OF THE INVENTION

[0003] The tumor necrosis factor receptor superfamily consists of several
structurally related cell surface receptors. Activation by multimeric ligands is common
feature of many of these receptors. Many members of the TNFRSF have therapeutic utility
in numerous pathologies, if activated properly. Importantly to properly agonize this receptor
family often requires higher order clustering and conventional bivalent antibodies are not
ideal for this. Therefore, there exists a therapeutic need for more potent agonist molecules

of the TNFRSF.
SUMMARY

[0004] The disclosure provides multivalent fusion polypeptides that bind at least
death receptor 5 (DRS, also known as TRAIL receptor 2 (TRAILR2), or tumor necrosis
factor receptor superfamily member 10B (TNFRSF10B)). These DRS5 binding fusion
polypeptides are also referred to herein as DR5-targeting molecules. DR5 is a member of
the TNF receptor superfamily (TNFRSF) and a cell surface receptor of the TNF-receptor
superfamily that binds TNF-related apoptosis-inducing ligand (TRAIL). TRAIL evolved to
play critical roles in mammalian development and host defense by selectively eradicating

unwanted, infected and malignant cells from healthy cell populations. On binding the TNF
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receptor famuly members DR4 or DRS, TRAIL induces cell death via caspase-dependent
apoptosis. DRS appears to be the primary receptor on fumor celis that facifitates the
observed tumor biased activity of the TRAIL pathway. DRS 15 activated by the natural
ligand TRAIL, which brings three PR3 receptors within close proxamity thereby activating
mtraccihilar caspase-8 and nitiating activation of other death-inducing caspases, such as
caspases-9 and caspases-3. Thus initiation of this ¢cell death pathway requires clustering of
RS receptors for efficient cell death.

3005] Conventional antibodies targeting members of the TNF recepior superfamily
{TNFRSF) have been shown to requuire an ¢xogenous ¢rosstinking to achieve sufficient
agomnist activity, as ovidenced by the nocesstty for Fe-gamama Receptor (FeyRs) for the
activity antibodies to DR4, DRS, GITR and OX40 (fchikawa e ¢f 2001 al Nat. Med. 7,
054960, Li es of 2008 Drug Dev. Res. 69, 69-82; Pukac et al 2005 Br. I Cancer 92, 1430
1441; Yanda ef o/ 2008 Ann. Oncol. 19, 10601067, Yang ef ¢f 2007 Cancer Lett. 251146
157, Bulliard er o/ 2013 JEM 210(9): 1685; Bulliard e7 o/ 2014 Iamunol and Cell Biol 92:
475-480}. In addition to crossiinking via FoyRs, other exogenous agents meluding addition
of the oligomeric ligand or antibody binding entitics {e.g. proteinr A and secondary
antibodics} have be demonsirated to enhance anti-TNFRSF antibody clusterng and
downstream signaling. For instance, 77 vifro agonist activity of the CD137 antibody, PF-
(5082366, requires crosslinking via 8 secondary antibody (Fisher ef ¢f Cancer Immmol
Imumumether 2012 61:1721-1733). These findings suggest the need for clustering of
TNFRSFs beyond a dimer.

[THELSY Efforts to climcally exploit the TRAIL pathway for cancer therapy relied
upon a recombinant version of the natural ligand TRAIL and antibodies specific for BRS.
Antthody agonists fargeting PRS required a crosslinking agent 1o prechinical o vitro
expeniments. For example, the addition of the DRS ligand TRAIL enhanced the apoptosis
mducing ability of an anti-DRS antibody, AMG635 (Graves ef of 2014 Cancer Cell 26: 177-
189}, Conventional antibodies are bivalent and capabie clustering only two DRS receptors
{one per cach FAB arm}. Consistent with other members of the TNFRSF, clustering of two
DXR3S receptors 1s insufficient to mediate signaling and activate the cell death pathway in
vitre. Surprismgly i vivo administration of DRS targeting antibodics m pre-clinical mouse
models of human cancers showed significant activity in a wide variety of tumor types. Thig
activity was later shown to be dependent on mouse FegammaR (FoyR}) receptors. Chnical
studics v bumages fatled to reproduce the robust responses scen 1n these pre-clinical mouse
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models. The lack of activity in humans is hypothesized to be due to insufficient antibody
crosslinking. This may be due to differences in serum IgG, FeyR and or TRAIL
concentrations between immune compromised mice and human cancer patients.

[0007] The present disclosure provides multivalent fusion proteins targeting DR3
that are capable of potently agonizing DR5 signaling mediating direct cell death. The fusion
proteins of the present disclosure can be bivalent, trivalent, tetravalent, pentavalent, or
hexavalent. Importantly, the fusion proteins of the present disclosure are capable of eliciting
apoptosis of DR5 expressing cells independently of exogenous crosslinking agents.

[0008] In some embediments, the fusion proteins of the present disclosure
incorporate a binding domain (DR5BD) that binds DRS5.

[0008a] In a first aspect, there is provided an isolated polypeptide that binds at least death
receptor 5 (DRS5) and comprises a plurality of DRS binding domains (DR5BDs) , wherein
each DR5BD is a VHH, wherein each VHH comprises an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 87, 89, and 17-20.

[0008Db] In preferred embodiments, the DRS binding DR5BD does not bind DR4, decoy R1,
decoy R2, Osteopontin, or any other TNFRSF member. In preferred embodiments the DR5
binding DR5BD binds human and cynomolgus monkey DR5. In some embodiments, the
DRS5 binding DR5BD blocks the interaction of DRS and its ligand TRAIL. In other
embodiments, the DRS binding DR5BD does not block the interaction of DR5 and its
ligand TRAIL. In some embodiments, the fusion protein of the present disclosure
incorporates multiple DR5 binding DRSBDs that recognize distinct epitopes on DRS, In
some embodiments, the fusion protein of the present disclosure incorporates multiple DR5
binding DR5BDs, wherein some DR5BDs block the DR5-TRAIL interaction and other do
not block the DR5-TRAIL interaction. In preferred embodiments, DRS5 targeting fusion
proteins of the present disclosure induce direct cell death of tumor cells. The DRS targeting
fusion proteins of the present disclosure have utility in treating tumors both hematologic and
solid in nature.

[0009] The present disclosure provides multivalent DR5 binding fusion proteins,

which comprise 2 or more DRS binding domains (DR5BDs). In some embodimerits, the
fusion proteins of the present disclosure have utility in treating neoplasms. In some
embodiments, the fusion proteins of the present disclosure bind DRS expressed on a tumor
cell. In some embodiments, the fusion protein contains two or more different DR5BDs,
where each DR5BD binds DRS. In some embodiments, the fusion protein contains multiple
copies of a DR5BD that binds DRS. For example, in some embodiments, the fusion protein
contains at [east two copies of a DR5SBD that binds DRS5. In some embodiments, the fusion
protein contains at least three copies of a DRSBD that binds DRS. In some embodiments,
the fusion protein contains at least four copies of a DR5BD that binds DRS. In some
embodiments, the fusion protein contains at least five copies of a DR5BD that binds DRS5.



WO 2017/011837 PCT/US2016/042862

In some embodiments, the fusion protemn contains at least six copies of a DRIBD that binds
DR3. In some embodiments, the fusion protein contains six or more copies of a DR3BD
that binds DRS,

{6018 Multivalent DR3 bindmg fusion proteins of the present disclosure are
capable of inducing direct cell death of damaged, transformed, virally infocted, or neoplastic
cells without the need for exogenous crosshinking agents. In addition, DRS binding fusion
proteins of the present disclosure do not induce divect cell death of normal, non-transformed
cells, non-virally infected or non-neoplastic cells. Importantly, the DR3BDs and fusion
proteins composed thereof of the present disclosure have reduced or eliminated recognition

by pre-exasting antibodics directed toward single domam antibodies present in some human

subjects.
{6611} TAS266 15 a tetravalent hmanized DR S-targeting nanobody-based

therapeutic, which displays superior apoptosis inducing capacity compared to bivalent
antibodics, without the need for addstional crosslinking by FoyRs, (Huet, HA | etal,
Multivalent nanobodies targeting death receptor 5 ehicit seperior tumor cell killing through
officient caspase induction. mAbs Vol 6, Iss. 6, 2014},

6012) 1t has previously been predicted that approximately half of healthy human
subjects have pre-exasting antibodies recognizing human single domain antibodies, known
as human anti-VH autoantibodies (HAVH), which target an epitope within homan VH
domains {(Holland et al. J Clin lnvmvmod (2013} 33:1192-1203)}. Thas, it expected that
humanized camehid-derived VHHSs would also be recognized by HAVH autcantibodics as
the target epitope scems to be crvptic and located within human germline framework
regions. The interaction of HAVH auteantibodies {also called anti-drug antibodies {ADA)
o1 anti-single domain antibodies {ASDA), herein) can cause enhanced clustering and
activation. In agreement with thus hypothesis, in a Phase I chinieal tral, administration of
TAS2Z66 induced elevated AST and ALT levels indicative of hepatotoxicity. Elevated
enzyme levels occurred in 3 out of 4 paticnts leading to termination of the TAS266 trial. it
was noted that the 3 patients exhibiting clinical signs of hepatotoxicity had pre~-existing
ADA leading tnal mvestigators to suspect that ADA-mduced hyper-clustering of the DR3
receptor causing toxicity. It was noted that the one patient without ADA had no signs of
toxieity (Isaacs R, Bilic §, Kentsch K, Huet HA, Hofmann M, Rasco I3, Kundamal N, Tang
Z, Cooksey J, Mahipal A. Unexpected hepatotoxicity in a phase I study of TAS266, a novel

tetravalent agonistic Nanobody® targeting the DRS receptor. Papadopoulos KP1, Cancer



Chemother Pharmacol. 2015 May;75(5):887-95. doi: 10.1007/s00280-015-2712-0. Epub
2015 Feb 27.). In support of this idea, it has been well-documented that aggregated forms of
DR5 agonists induce hepatotoxicity whereas non-aggregated forms do not (I Lemke, S von
Karstedt, J Zinngrebe and H Walczak. Getting TRAIL back on track for cancer therapy.

Cell Death and Differentiation (2014) 21, 1350-1364).

[0012a] Disclosed is an isolated polypeptide that binds at least death receptor 5 (DRS5),
wherein the isolated polypeptide is not recognized by one or more human anti-VH auto-
antibodies (HHAVH).

[0012b] Disclosed is an isolated polypeptide that binds at least death receptor 5 (DR5) and
comprises two or more copies of an amino acid sequence selected from the group consisting
of SEQ ID NOs: 15-91 or two or more copies of an amino acid sequence comprising a
complementarity determining region 1 (CDR1) comprising an amino acid sequence selected
from the group consisting of SEQ ID NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168,
173,176, 178, 181, and 188; a complementarity determining region 2 (CDR2) comprising
an amino acid sequence selected from the group consisting of SEQ ID NO: 28, 129, 131-
133, 135,137,139, 143, 160, 164, 166, 167, 169, 171, 172, 174, 177, 179, 182, 184, 185,
and 189; and a complementarity determining region 3 (CDR3) comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 130, 136, 140, 144-158, 161,
165, 170, 175, 180, 183, 186, 187, and 190.

[0013] In some embodiments, the fusion protein contains at least one DR5SBD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 15-
91. In some embodiments, the fusion protein contains two or more copies of a DRSBD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 15-
91. In some embodiments, the fusion protein contains three or more copies of a DR5BD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 15-
91. In some embodiments, the fusion protein contains four or more copies of a DR5BD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 15-
91. In some embodiments, the fusion protein contains five or more copies of a DR5BD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO:. 15-
91. In some embodiments, the fusion protein contains six or more copies of a DR5BD that
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 15-
91.

[0014] In some embodiments, the fusion protein contains at least one DR5BD that
comprises a complementarity determining region 1 (CDR1) comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 31, 128, 134, 138, 141, 142,
159,162, 163, 168, 173, 176, 178, 181, and 188; a complementarity determining region 2
(CDR2) comprising an amino acid sequence selected from the group consisting of SEQ ID
NO: 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174, 177,
179, 182, 184, 185, and 189; and a complementarity determining region 3 (CDR3)
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 130,
136, 140, 144-158, 161, 165, 170, 175, 180, 183, 186, 187, and 190. In some embodiments,
the fusion protein contains two or more copies of a DR5BD that comprises a CDR1
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 31,
128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 178, 181, and 188; a CDR2
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 28,
129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171,172, 174, 177, 179, 182,
184, 185, and 189; and a CDR3 comprising an amino acid sequence selected from the group
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consisting of SEQ 1D NG: 130, 136, 140, 144-158, 161, 165, 170, 175, 180, 183, 186, 187,
and 190. In some embodiments, the fusion protein contains three or more copics of 2
DRSBD that comprises a CDR1 comprising an amino acid sequence selected from the
group consisting of SEQ 1D NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176,
178, 181, and 188; a CDR2 compnising an amimo acid sequence selected from the group
consisting of SEQ D NG 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169,
V7L, 072,174, 197,179, 182, 184, 183, and 189; and a CDR3 comprising an amuno acid
sequence selecied from the group consisting of SEQ 1D NO: 130, 136, 140, 144-155, 161,
165, 176G, 175, 180, 183, 186, 187, and 190, In some embodiments, the fusion protein
contains four or mare copics of a DRIBD that comprises a CDR1 comprising an aming acid
sequence selected from the group consisting of SEQ 1D NG: 31, 128, 134, 138, 141, 142,
159, 162, 163, 168, 173, 176, 178, 181, and 188; a CDR2 comprising an amine acid
sequence selected from the group consisting of SEQ ID NG 28, 129 131-133, 135, 137,
139, 143, 160, 164, 166, 167 169, 171, 172, 174, 177, 179, 182, 184, 185, and 189, and a
CDR3 comprising an amino acid sequence selected from the group consisting of SEQ 1D
NG 130, 136, 140, 144-138, 161, 1653, 170, 175, 180, 183, 186, 187, and 190, ln some
cmbodiments, the fusion protein contains five or more copics of a DRIBD that comprises a
CORI comprising an amino acid sequence selected from the group consisting of SEQ D
NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 174, 181, and 188, a CDR2
comprising an amino acid seguence selected from the group consisting of SEQ 1D NG 28,
120, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, V71, 172, 174, 177,179, 182,
184, 185, and 189, and a UDR3 comprising an amino acid sequence selected from the group
consisting of SEQ 1D NG: 130, 136, 140, 144-158, 161, 165, 170, 175, 180, 183, 186, 147,
and 190 In some emboduments, the fusion protein contains six or more copies of a DR3BD
that comprises a CDRI compusing an amino acid sequence selected from the group
consisting of SEQ ID NG: 31, 128, 134, 138, 141, 142, 139, 162, 163, 168, 173, 176, 178,
181, and 188; a CDRZ comprising an amino acid sequence selected from the group
consisting of SEQ D NG: 28, 120, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169,
Y74, 072,174, 177,179, 182, 184, 183, and 189; and a CDR3 comprising an anuno acid
sequence selecied from the group consisting of SEQ 1D NO: 130, 136, 140, 144-155, 161,
165, 170, 175, 180, 183, 186, 187, and 190,

6615} In some embodiments, the fusion protein contains at least one DR3BD that

comprises an aming acid sequence selected from the group consisting of SEQ ID NG: 1591

&
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and at least one immunogiobulin Fe region polypeptide comprising an aming acid sequence
selected from the group consisting of SEQ ID NOs: 1-5 or 127, In some embodiments, the
fusion protein contains two or more copies of a DRSBD that comprses an anuno acid
sequence selected from the group consisting of SEQ 1D NO: 15-91 and at least one
mamunoglobalin Fo region polypeptide comprising an ammo acid sequence selected from
the group consisting of SEQ 1D NOs: 1-5 or 127 In some embodirents, the fusion protein
contains three or more copies of a DR3BD that compuses an amino acid sequence selected
from the group conststing of SEQ ID NO: 15-81 and at least one inumunoglobulin Fe region
polypeptide comprising an amino acid sequence sclected from the group consisting of SEQ
I NGs: 1-5 or 127 In some embodiments, the fusion protein contains four or more copies
of a DR5BD that comprises an anuno acid sequence selected from the group consisting of
SEQ ID NG 15-81 and at least one immunoglobudin Fe region polypeptide comprising an
amino acid segquenee selected from the group consisting of SEGID NOs: -3 0r 127 In
some entbodiments, the fusion protein contamns five or more copies of a DRIBD that
comprises an anuno acid sequenee selected from the group consisting of SEQ 1D NO: 15-91
and at least one immunoglicbulin Fo region polypepiide comprising an amino acid sequence
selected from the group consisting of SEQ 1D NOs: 1-5 or 127, In some embodimends, the
fusion protein contains six or more copies of a DR3BD that comprises an avuno acid
sequence selected from the group consisting of SEQ 1D NG 15-91 and at least one
mnmunoglobelin Fe region polypeptide comprising an amine acid sequence selected from
the group consisting of SEQ 3 NGs: 1-5 or 127,

j301s] In some embodiments, the fusion protein contains at least one DR3BD that
comprises a DRI comprising an amino acid sequence selected from the group consisting
of SEQ ID NO: 31, 128, 134, 138, 141, 142, 1589, 162, 163, 168, 173, 176, 178, 181, and
188; a CDR2 comprising an amino acid sequence selected from the group consisting of
SEQID NQG: 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177, 179, 182, 184, 185, and 189; and a CDR3 comprising an amine acid sequence selected
from the group consisting of SEG 1D NG 130, 136, 140, 144-158, 161, 165, 170, 175, 180,
183, 186, 187, and 190; and at least one iownunoglobulin Fe region polypeptide comprnising
an amine acid sequence selected from the group consisting of SEQ ID NGs: 1-50r 127 In
some cmbodiments, the fusion profern contains two or more copics of a BR3BD that
comprises a CDRI comprising an amino acid sequence selected from the group consisting

of SEQ 1D NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 178, 181, and

7
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188; a CDRZ comprising an amino acid sequence selected from the group consisting of
SEQ I NG: 28, 126, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177,179, 182, 184, 185, and 189; and a2 CDR3 comprising an amino acid sequence sclected
from the group consisting of SEQ I NO: 130, 136, 140, 144-158, 161, 165, 170, 175, 180G,
183, 186, 187, and 190, and at least one wmmnmoglobulin Fe region polvpeptide comprising
an amino acid sequence selected from the grouvp consisting of SEQ 1D NQOg: 1-50r 127 In
some embodiments, the fusion protein contains three or more copics of a DRSBE that
comprises a CDR1 comprising an amine acid sequence selected from the group consisting
of SEQ 1D NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 178, 181, and
188; a CDR2 comprsing an aming acid sequence selected from the group consisting of
SEQID NG: 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177, 179, 182, 184, 185, and 189 and a CDR3 comprising an ammng acid sequence selected
from the group consisting of SEQ D NGO 130, 136, 140, 144-138, 161, 165, 170, 175, 186,
183, 186, 187, and 190; and at east one ioununoglobulin Fe region polypeptide comprising
an amine acid sequence selected from the group consisting of SEQ ID NGs: 1-50r 127 In
some embodiments, the fuston protein contains four or more copies of a DR3BD that
comprises a CDRI comprising an amino acid sequence selected from the group consisting
of SEQ ID NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 175, 178, 181, and
188; a CDR2 comprising an amino acid sequence sclected from the group consisting of
SEQID NG 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177,179, 182, 184, 185, and 189; and a CDR3 comprising an aming acid sequence selocted
from the group consisting of SEQ 1D NG: 130, 136, 140, 144-158, 161, 165, 170, 175, 180,
183, 186, 187, and 190; and at least one immunoglobulin Fe region polypeptide comprising
an anune acid sequence selected from the group consisting of SEQ D NOs: 1-5 or 127 In
some crubodiments, the fusion profein containg five or more copies of a DR3BD that
comprises a CDRI comprising an amino acid sequence selected from the group consisting
of SEQ I3 NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 178, 181, and
188; a CDIRZ comprising an amino acid sequence selected from the group consisting of
SEQ D NGO 28, 120, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177, 179, 182, 184, 185, and 189; and a CDR3 comprising an amino acid sequence selocted
from the group consisting of SEQ 1D NO: 130, 136, 140, 144-158, 161, 163, 170, 173, 180,
183, 186, 187, and 190; and at east ove vunwmoglobulin Fe region polvpeptide compusing

an amino acid sequence selected from the group consisting of SEQIB NG 1-50r 127 In

&



some embodiments, the fusion protein contains six or more copies of a DR5BD that
comprises a CDR1 comprising an amino acid sequence selected from the group consisting
of SEQ ID NO: 31, 128, 134, 138, 141, 142, 159, 162, 163, 168, 173, 176, 178, 181, and
188; a CDR2 comprising an amino acid sequence selected from the group consisting of
SEQ ID NO: 28, 129, 131-133, 135, 137, 139, 143, 160, 164, 166, 167, 169, 171, 172, 174,
177,179, 182, 184, 185, and 189; and a CDR3 comprising an amino acid sequence selected
from the group consisting of SEQ ID NO: 130, 136, 140, 144-158, 161, 165, 170, 175, 180,
183, 186, 187, and 190; and at least one immunoglobulin Fe region polypeptide comprising
an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-5 or 127.
[0017] In some embodiments, the fusion protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 92-124.

[0017a] Disclosed is an isolated polypeptide that binds at least death receptor 5 (DR5) and
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 92-
124.

[0017b] In some embodiments, the fusion protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 92-118. In some embodiments, the

fusion protein comprises an amino acid sequence selected from the group consisting of SEQ
ID NOs: 119-124.

[0018] The fusion proteins of the present disclosure are capable of enhanced
clustering of TNFRSF members compared to non-cross-linked bivalent antibodies. The
enhanced clustered of TNFRSF members mediated by the fusion proteins of the present
disclosure induce enhanced TNFRSF-dependent signaling compared to non-cross-linked
bivalent antibodies. In most embodiments, the fusion protein will incorporate more than 2
DR5BDs, for example, three, four, five, or six. In some embodiments the fusion protein will
incorporate DR5BDs and a binding domain directed toward non-TNFRSF member antigen.
In these embodiments, the interaction of the non-TNFRSF antigen is capable of providing
the additional crosslinking function and TNFRSF activation is achieved with only one or
two DRSBDs. In these embodiments, the fusion protein is multispecific, binding two
distinct antigens. In other embodiments, the fusion protein incorporates three or more
DR5BDs and a binding domain directed toward an antigen other than DR5, wherein the
interaction with this additional antigen dose not enhance DRS clustering beyond what is
achieved by the DR5BD containing portion alone, but rather provides a biodistribution
advantage, focusing the DR35 agonistic activity of the fusion protein to a specific site within
a subject. For example, a tetravalent DRS binding fusion protein of the present disclosure
may include an additional antigen binding domain that focuses activity to a specific site, yet
does not enhance the agonistic activity beyond that achieved by a tetravalent DRS binding
fusion protein lacking this additional antigen binding domain.

9
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3619 In some embodiments, DRSBDs of the present disclosure are derived from
antibodics or antibody fragments including scFv, Fabs, single domain antibodies {sdAb),
Yiar, 0F YHHs. In preforred embodiments the DRSBDs are human or humanized sdAb.
The sdAb fragments, can be derived from VHHE, Vg, engineered VH or VK domains.
VHHs can be generated from camelid heavy chain only antibodies. Viyans can be generated
from cartifaginous fish heavy chain only antibodics. Various methods have been
implemented to generate monomeric sdAbs from conventionally heterodimeric VH and VK
domains, inclading interface engineering and selection of specific germline familics. In
other embodiments, the DRSBDs are derived from non-antibody scaffold proteins for
exampie but vot hinuted fo designed ankyrin repeat proteins {darpins}, avimer,
anticalin/lipocaling, centyrins and fynomers.

{6628 Generally the fusion proteims of the present disclosure consist of af least two
or more DR3BS operably linked via a linker polypeptide. The vtilization of sdAb
fragments as the specific DRSBD withio the fusion the preseunt disclosure has the bonefit of
avoiding the heavy chain : light chain mis-patring problem common to many
bi/muitispecific antibody approaches. In addition, the fusion proteins of the present
disclosure avmd the use of long linkers necessitated by many bispecific antibodies.

6021} In some embodiments, all of the DR3BDs of the fusion protein recognize the
same epitope on DRS. For example, the fasion proteins of present disclosure may
incorporate 2, 3, 4, 5, or 6 DREBDs with distinct recogmition specificities toward various
epitopes on DRS. in these embodiments, the fusion proteins of the present disclosure with
contain multipic DR5BDs that target distinet regions of BRS. In some embodiments, the
DR3BDs may recognize different epitopes on DRS or recognize epitopes on DRS and a
distinct antigen. For example, the present disclosure provides mutltispecitic fusion proteins
meorporating DRSBDs that bind DR3S and at least a second antigen.

{6622} In some embodiments, the fusion protein of the present disclosure 1
comnposed of a single polyvpeptide. In other embodiments, the fusion protein of the present
disclosure 1s composed of more than one polvpepiide. For example, wheren a
heterodimernization domam 18 incorporated wto the fusion protein so as the construct an
asymmetric fusion protem. For example if an immumoglobulin Fe region is meorporated
wto the fusion protein the CH3 domain can be used as bomodumerization domain, or the

CH3 dimer interface region can be mutated so as to enable heterodimernization.
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3623] In some embodiments, the fusion protein contains the BRSBDs opposiic
ends. For example the DR3BDs are located on both the amino-terminal {(N-ternuinal} portion
of the fusion protein and the carboxy-terminal {C-terounal) portion of the fusion protein. In
other embodiments, all the DR3BDs reside on the same end of the fusion protein. For
example, DR5BDs reside on either the amino or carboxy! terminal portions of the fasion
protein.

30244 in some emabodiments, the fusion profein contains an immunoglobulin Fo
region. In some embodiments, the immunoglobulin Fo region 1s an Ig( isotype sclected
from the group consisting of IzG1 sotype. g2 sotype, 18G3 sotyvpe, and Ig(G4 subclass.
[3025] In some embodiments, the immunoglobulin Fe region or immunclogically
active fragment thereot'1s an g 1sotyvpe. For example, the immunoglobulin Fe region of

the fusion protein is of human IgG1 isotype, having an amino acid sequence:

VILFPPRKEKD TLMISRTPEV TCVVVDVSHE DPEVKENWYV

KCRVSNRKALF

GVEVHNART

NTRFEINTT I
YRVVIVLIVL

APTEKTISKA KGOPREPOVY TLPPSRDELT KNOVELTCLV KGEFYPSDIAV
WESNGOPEN NYRKTTPEFVLD SDGSPEFLYSK LTVDRSRWQD GNVESCSVMH

EALHNHYTOK SLSLSPGK (3EQ ID NO: 1}

6826} In some embodiments, the immunoglobulin Fo region or immunologically
active fragment thercof comprises a human IgGl polyvpeptide sequence that 15 at least 50%,
60%, 63%, T0%, 75%, 80%, 85%, D0%, 91%, 92%, 939, 94%, 95%, 96%, 97%, 98%, or
99% 1dentical to the amuno acid sequence of SEQ ID NG 1

36271 In some embodiments, the human IgG1 Fe region is modified at asuno acid
AsnZ97 (Boxed, Kabat Numbering) to prevent to glycosylation of the fusion protein, e g.,
Asn297A1a (N297A) or Asn297Asp (N29713). In some erebodiments, the Fe region of the
fusion protein is modified at amimo acid Len235 (Boxed, Kabat Numbering) to alter Fo
receptor mteractions, e.g2.. LeuZ33Ghu (L.235F) or Leu235Ala (L235A). In some
crabodiments. the Fe region of the tusion proten 1s modified at anino acid Leu234 (Hoxed,
Kabat Numbering) to alter Fe receptor interactions, e 2., Leu234Ala (L2344). In some
embodiments, the Fo region of the fusion protein 1s altered at both amino acid 234 and 233,
eg., LeuZ34Aka and LeuZ35A%a (L234A/L235A) or Len234Val and LeuZ35Ala
{(L.234V/1.235A). To some embodiments, the Fo region of the fusion protein is altered at

Gly2335 to reduce Fe receptor bindimg. For example, wherein Gly235 18 deleted from the
i
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fusion protein. In some embodiments, the human IgG1 Fe region is modified at amino acid
Gly236 to enbance the interaction with CD32ZA. g, Glv236Ala (GZ36A). In some
cmbodiments, the human lgG1l Fe region 15 lacks Lvsd47 (EU index of Kabar et al 1991
Sequences of Proteins of Immunclogical Interest).
[B028] In some embodiments, the Fe region of the fusion protein is altered at one or
more of the following positions to reduce Fe receptor binding: Leu 234 {(1.234), LeuZ35
235}, Asp265 (132653, Asp270 (B270), Ser298 (8298), Asn297 (N297), Asn325 (N325)
orAla327 (A327). For example, Leu 234A%a {(L234A), Leu235A1a{L233A}, Asp265Asn
{(D265N}, Asp270Asn (D270N), Ser298Asn (8298N), AsnZ297Ala (N297A), Asn325Gh
(N3Z5E) orAla3278er (A3275). In preferred embodiments, modifications within the Fo
region reduce binding to Fe-receplor-gamma receptors while have mimimal tmpact on
binding to the neonatal Fe receptor (FeRu).
6029 in some embodiments, the Fe region of the fusion protein s lacking an
arpino acid at one or more of the following positions to reduce Fo receptor binding: Glu233
{(E233), Leu234 {1234}, or Leu235 (1235}, In these embodiments, Fo deletion of these three
amino acids reduces the complement protein Clyg binding.

PAPGGPSVE

FPPEKPEDTLM ISRTPEVTCVY

VKENWYVDGY

Fa
t'

EVHNARTEPR

ELROYNSTYRY VSVLTVLHQD WLNGEEYRCK VSNRKALPAPI

PREPOVYTLY PIRDELTENQ VSLTCLVEGE YPSDIAVEWE
SHNGOPENNYK TTPEPVLDSDG SEFrLYSKLTV DRSRWQOGNY FSCSVMHEAL

HNHYTQKSLS LSPGK (SEQ ID NO: 2)

J34338) In some embodiments, the fusion or immunologically active fragment
thercof comaprises a human 1gG2 polyvpeptide scquence that is at least 50%, 60%, 65%,

T0%, 73%, 309, 85%, 90%, 919, 92%, 93%, 9496, 95%, 96%, 97%, 98Y%, or 99% identical
to the anmine acid sequence of SEQ ID NG 2

6031 {n some crbodiments, the mmmunoglobutin Fe region or imonnologically
active fragment of the fusion protem is of human IgQG2 isotyvpe, having an amino acid

sequence.

PAPPVAGPSV FLEPPKPRKDT DMISRTPEVI CVVVDVSHRED PEVOEPNWYVD

VEVHNAKTE PREEQ E TE RVVEVLTVVE QDWLNGKEYK CEKVENKGLEA
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PIEKTISKTK GOPREPOVYT LPPSREEMITK NOVSLTCLVE GEYPSDISVE

WESNGOF

IN YETTEPPMLDS DGSEFILYSKL TVDRSRWOQOE NVESCSVMHE

ALHENHYTOKS LELSPGK

{SEQ ID NDO: 3

{
\

6032] In some embodiments, the fusion or invnunoclogically active fragment
thercof comprises a human IgG2 polyvpeptide sequence that is at least 50%, 60%, 65%,

70%, 75%. 309, 85%0, 90%., 91%, 92%, 93%. 94%, 85%, 96%. 97%, 98%, or 99% identical
o the anune acid sequence of SEG 1D NO: 3.

j3833] In some erwbodiments, the buman (g2 Fe region 18 modified at anminoe acd
Asn297 (Boxed, to prevent to glvcosyiation of the antibody, e. g, Asn297Ala (N297A) or
Asn297Asp (N297D). In some embodiments, the human 1gG2 Fe region is facks Lys447
(B mdex of Kabat et ol 1991 Sequences of Proteins of Immunciogical Interesty.

0034} In some embodiments, the mnmunoglobulin Fo region or immunologically
active fragment of the fusion protein is of human 1g(3 isotype, having an amino acid

SCQUCHCe!

PAPELLGGPS VFLFPPEPKD TLMISRTPEV TCVVVDVSHE DPEVOEFEKWYV
DGVEVHNAKT KPRE QXEST FRVVSVLTVL HQDWLNGKEY KCKVSNKALE
APTERKTISKYT KGQPREPRPOQVY TLPPSREEMYT KNQVSLTCLYV KGEYPIDIAV

EWESSGORPEN NYNTTPPMLD SDGSPFEFLY SK LTVDKSRWOO GNIEPSCSVMIH

[i=Y

EALHN(_@FT“:K SLELSFGK (SEQ ID NO:

B35 In some embodiments, the antibody or immunologically active fragment
thereof comprises a human g3 polvpeptide sequence that is at least 50%, 50%, 65%,
0%, T5%, 80%, 85%, 90%, 917, 92%, 93%, 94%, 95%, 96%, 87%, 98%, or 99% identical
o the anmine acid sequence of SEQ ID NG: 4.

3G36] In some embodiments, the human Ig(G3 Fe region is modified at amino acid
AsnZ297 (Boxed, Kabat Numbering) to prevent o glveosvlation of the andibody, e.g.
Asn297Ala (N297A) or Asn297Asp (N29703}. In some embodiments, the human IgG3 Fe
region 13 modified at amino acid 435 to extend the halftlife, e.g., Argd35His (R433H). In

some embodiments, the human lgG3 Fe region s tacks Lys447 (EU wndex of Kabat er af

1991 Seguences of Proteins of Immurological Inferest).
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30374 In some embodiments, the immunocglobulin Fe region or immunologically
active fragment of the fusion protein 1s of human [gG4 isotype, having an amine acid

Sequenca:

“GGPS VELEPPKPKD TLMISRTPEV TCVVVDVSQR

DGVEVHNAKT KPREEQF@ST YRVVSVLTVL HODWLMNGKEY KCKVSNKGLE

<

SSTEKTISKA KGRPREPQVY TLPPIQLREMT KNQVISLTCLY KGEFYPSDIAV
EWESNGOPEN NYKTTPPVLD SDGSEFEFLY SR LTVDKSRWOE GNVESCSVMIH

EALHNHYTQOK SLBLILGK (SEQ ID NG: 5)

34338} In some embodiments, the antibody or mmunologically active fragment
thercof coraprises a human 1gG4 polypeptide sequence that is at least 50%, 60%, 65%,

T0%, 75%. 80%, 85%, 90%, 919, 82%, 93%, 949, 95%, 96%, 97%, 98%, or 99% identical
to the amine acid sequence of SEG IDNG: 5.
[BG3% {n some crbodiments, the mmmunoglobutin Fe region or imonnologically

active fragment of the fusion protem s of human IgG4 isotyvpe, having an amino acid

sequence.
PAPELLGGES VEFLEFPPRKPKD TLMISRTREV TCVVVED DRPEVOENWYV
DGVEVHNAKT KPREEQ :'ET:ST YRVVSVLTVL HODWLNGKEY KCKVSNEGLP

CLY O KGEYPSDIAV

SSTERTISKA RKGQPREPQOVY TLPPSQEEMT KNOVSLS

EWEENGOPEN NYKTTPPVLD SDGSFEFLYSR LTVDEERWOE GNVESCIVMH

BALHNHYTOK SLSLSLGK (3EQ ID NO: 127)

6648} In some embodiments, the antibody or mmunologically active fragment
thercof comprises a human IgG4 polypeptide sequence that is at least 50%, 60%, 65%,
T0%, T5%. 80%, 85%, 90%. 91%, 92%, 93%. 949, 95%, 96%, 97%, 98%, or 99% identical
to the anune acid sequence of SEG 1D NO: 127,

o041 In other embodmments, the haman IgG4 Fe region 1s modified at amino acid
233 to alter Fe recoptor interactions, e.g., Len?35Gla (L235E}. In some embodiments, the
human eG4 Fe region is modified at amino acid Asn297 (Boxed, Kabat Numbering) to
prevent to glycosylation of the antibody, ez, Asn297Ala (NZ97A)Y or Asn297Asp (N2971D).
In some embodiments, the human IgG4 Fe rogion is lacks Lys447 (EU mdex of Kabat ef ol

1981 Sequences of Proteins of Immunological Interest).
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3042] In some embodiments, the human IgG Fe region 1s modified to enhance
FoRao binding. Exanpies of Fo mutations that enbanec binding to FoRa are Met252Tvr,
Ser234Thr, The256Gl (M252Y, 82547, T256E, respectively) {Kabat numbering,
Dali’Acqua et of 2006, J. Biol Chem Vol 281(33) 23514-23524), Metd28Leu and
Asnd345er (M428L., N434S) {(Zalevsky ef af 2010 Nature Bioiech, Vol 28(2} 157-159}, or
Met252He, The256Asp, Metd28Leu (M2521, T236D, M428L, respectively), (EU index of
Kabat et af 1991 Sequences of Proteins of Immunological Interesty,

36431 In some embodiments where the fusion protein of the disclosure inchudes an
Fo polypeptide, the Fo polypeptide 1s motated or modified. In these embodiments the
mutated or modified Fe polypeptide mchudes the following mutations: Met232Tyr and
Metd28Leu or Met232Tvr and Metd28Val (M252Y, M428L, or M252Y, M428V) using the
Kabat numbering system.

G044 in some crbodiments, the buman (G Fe region is modified to alter
andithbody-dependent cellular eviotoxicity {ADCC)Y and/or complement-dependent
eyvtotoxacity {CDBC), e g, the aming acid modifications desertbed i Natsume et al, 2008
Cancer Res, 68{10}): 3863-72,; Idusogic et al |, 2001 J Immuncl, 166(d): 2371-5; Moore et al |
2010 mAbs, 2(2) 181-189; Lazar ¢t al., 2006 PNAS, 103(11): 4005-4010, Shields ct al,
2001 IBC, 276(9) 63916604, Stavenhagen et al., 2007 Cancer Res, 67(18) 8882-8890;
Stavenhagen et al | 2008 Advan. Enzyme Regul, 48; 152-164; Alegreetal, 1992 ]
Immuncd, 148 3461-346¥; Reviewed in Kaneko and Niwa, 2011 Biodrugs, 25{1y1-11.
Examples of vuttations that enhance ADCC nclude modification at SerZ39 and He332, for
example Ser239Asp and He332Gio (52390, I332E). Examples of mutations that enhance
D include modifications at Lys326 and Gle333. In some emboduments the Fe region is
modified at one or both of these positions, for exaraple Lyvs326Ala and/or Glu333Ala
{(K326A and E333A}) using the Kabat numbering sysiem.

[6045] In some embodiments, the human IgG Fo region 1s modified to induce
heterodimerization. For example, having an amino acid modification within the CH3
domain at Thr366, which when replaced with a more bulky amino acid, e g, Try (T366W),
is able to preferentially pair with a second CH3 domain having anune acid modifications to
less bulky amino acids at positions Thr366, Leu368, and Tvrd07, e.g., Ser, Ala and Val,
respectively (T3668/L368A/Y 407V}, Heterodimerization via CH3 modifications can be

further stabilized by the mtroduction of a disulfide bond, for example by changing Ser354 10
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Cys (8354 and Y349 to Cys (Y3490} on opposite CH3 domains (Reviewed 1n Carter,
2801 Journal of bnnunological Methods, 248 7-15).
[63046] In some embodiments, the human lg&G Fe region is modified to provent
dimerization. In these embodiments, the fusion protemns of the present disclosure are
monomeric. For example modification at residue Thr366 1o a charged residue, e.g.
Thr366Lys, Thr3ooArg, Thr366Asp, or Thr366Glu (T366K, T366R, T366D, or T366E,
respectivelyy, pravents CH3-CH3 dimernzation.
30471 In some embodiments, the Fe region of the fusion protein 1s altered at one or
more of the following positions to reduce Fe receptor binding: Leu 234 (L234), Leu235
(L.235), Asp263 (3265}, Asp270 (D270}, Ser298 (5298}, Asn297 (N297), Asn325 (N325}
orAla327 (A327). For example, Leu 234Ala (12344), Leu235Ala (L2354), Asp265Amm
{D265N), Asp270Aen {(DB270N), Ser?98Asn (S298N}, Asn?97Ala (N297A}, Asn325Gia
{(N323E) orAla3278er {A3275). In preforred embodiments, modifications withia the Fe
region reduce binding to Fe-recepior-gamma receptors while have mimimal rmpact on
binding o the neonatal Fo receptor (FcRa).
3048] In some embodiments, the fusion protein contains a polypeptide derived
from an immunoglobulin unge reglon. The hinge region can be selected from any of the
human [gG subclasses. For example the fusion protein may contain a modified IgG1 hinge
having the sequence of EPKSSDRTHTCPRC (SEQ 1D NO: 6}, where in the Cys220 that
forms a disuifide with the C-erminal cysteine of the fight chaie is mutated to serine, e.g.,
Cys2205er {C2208). o other embodiments, the fusion protein contains a truncated hinge
having a sequence DRTHTCRPC {SEQ D NG 7).
[3045] In some embodiments, the fusion protein has a modified hinge from 1g(G4,
which 15 modified to prevent or reduce strand exchange, e g, Scr228Pro (52289}, having
the sequence ESKYGPPIPRC (SEQ 1D NO: 8). In some embodiments, the fusion protein
containg hnker polypeptides. In other embodiments, the fusion proten contains hinker and
hinge polypeptides.
THERH In some embodiments, the fusion proteins of the present disclosure lack or
have reduced Fucose attached to the N-linked glvean-cham at N297. There are numerous
ways to prevent fucosylation, including but not limited to production in a FUTS deficient
cell bne; addition inhibitors to the mammalian cell culture media, for example

Castanospermine; and metabolic enginecring of the production cell line.
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3051 In some embodiments, the DRIBD is engineered to ehinunate recognition by
pre-existing antibodies found in humans. In some cmbodiments, single domain antibodics
of the present disclosure are modificd by mutation of position Leul . for example
Leul1Gh (L11E) or Leul iLys (L1IK). In other embodiments, single domain antibodies of
the present disclosore are modified by changes in carboxy-terminal region, for example the
terninal sequence consists of GOGTLVTVKPGG (SEQ 1D NGO: 9 or GQGTLVTIVEPRGG
{(SEQ 1D NGO 10} or modification thereof. In some embodiments, the single domain
antibodies of the present disclosure are modified by mutation of position 11 and by changes
in carboxy-~terminal region.

36352} In some embodiments, the DR5BDs of the fusion proteins of the present
disclosure are operably linked via amino acid linkers. In some embodiments, these hinkers
are composed predominately of the amino acids Glyeme and Serine, denocted as GS-linkers
herein. The GS-linkers of the fusion proteins of the present disclosure can be of vanous
lengths, forexample 5, 6,7, 8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 amino acids in
length.

[3G53] In some embodiments, the GS-linker comprises an amino acid sequence
selected from the group consisting of GGSGGS, 1.0, (GGR), (SEQ 1D NG: 1),
GGSGOGSGAS, e, (GGS): (SEQ ID NG 12); GGSGGRGGSGS, 10, (GG, (SEQ D
NO: 13}, and GGSGGSGOSGESGES, 1e, (GG (SEQ ID NG: 14).

{6054 in some embodiments, the mudtivalent TNFRSF binding fusion protein 18
tetravalent. o some embodiments, the tetravalert TNFRSF binding fusion protemn has the
following structure: VHH-Linker-VHH-Linker-Hinge-Fe, where the VHH i3 a huranized
or fully human VHH sequence that binds at feast DRS.

[THIRNS! In some embodiments, the multivalont TNFRSF binding fusion protewn is
fetravalent. In some embodiments, the tetravalent TNFRSF binding fusion protein has the
following structure: DRSBD-Linker- DRSBD-Linker- Hinge-Fe, where the DR3BD s a
bumanized or fully nopan VHH sequence.

THUREY n some embodiments, the multivalent TNFRSF binding fusion protom is
hexavalent. In some embodiments, the hexavalent TNFRSE binding fusion proten has the
following structure: VHH-Linker-VHH-Linker-VHH-Linker-Hinge-Fe, where the VHH s a
humanized or fully human VHH sequence that binds at least DRS.

6057} In some embodiments, the multivalent TNFRSF binding fusion protein is

hexavalent. In some embodiments, the hexavalent TNFRSF binding fusion protein has the
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following structure: DR5BD-Linker- DR5BD-Linker- DRSBD-Linker-Hinge-Fc, where the
DR5BD is a humanized or fully human VHH sequence.

[0058] In some embodiments, the multivalent fusion proteins targeting DRS of the
present disclosure are operably linked via amino acid linkers. In some embodiments, these
linkers are composed predominately of the amino acids Glycine and Serine, denoted as GS-
linkers herein. The GS-linkers of the fusion proteins of the present disclosure can be of various
lengths, for example 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 amino acids in length.
[0059] In some embodiments, the GS-linker comprises an amino acid sequence selected
from the group consisting of GGSGGS, i.e., (GGS), (SEQ ID NO: 11); GGSGGSGGS, i.e.,
(GGS); (SEQ ID NO: 12); GGSGGSGGSGGS, i.e., (GGS)4 (SEQ ID NO: 13); and
GGSGGSGGSGGSGAS, ie., (GGS)s (SEQ ID NO: 14).

[0060] In some embodiments, the multivalent DR5 binding fusion protein is tetravalent.
In some embodiments, the tetravalent DRS5 binding fusion protein has the following structure:
VHH-Linker-VHH-Linker-Hinge-Fc, where the VHH is a humanized or fully human VHH
sequence. In some embodiments, the VHH sequence is selected from the group consisting of
SEQ ID NO: 15-91. In some embodiments, the tetravalent DR5 binding fusion protein
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 92-118.
[0061] In some embodiments, the multivalent DRS binding fusion protein is
hexavalent. In some embodiments, the hexavalent DRS binding fusion protein has the following
structure: VHI-Linker-VHH-Linker-VHH-Linker-Hinge-Fc, where the VHH is a humanized or
fully human VHH sequence. In some embodiments, the VHH sequence is selected from the
group consisting of SEQ ID NO: 15-91. In some embodiments, the hexavalent DR5 binding
fusion protein comprises an amino acid sequence selected from the group consisting of SEQ ID
NOs: 119-124. '

[0061a] In a second aspect, there is provided use of the polypeptide as described herein in the
manufacture of a medicament for treating neoplasms.

[0061b] In a third aspeet, there is provided use of the polypeptide as described herein in the
manufacture of a medicament for modulating immune cells to enhance tumor destruction.
[0061c] In a fourth aspect, there is provided a pharmaceutical composition comprising any one
of the polypeptides as described herein and a pharmaceutically acceptable carrier.

[0061d] In a fifth aspect, there is provided an isolated nucleic acid that encodes any one of the
polypeptides as described herein.

[0061e] In a sixth aspect, there is provided a vector comprising the nucleic acid as described
herein.

[00611] In a seventh aspect, there is provided a host cell comprising the nucleic acid as
described herein or the vector as described herein.

[0061g] In an eighth aspect, there is provided a host cell that expresses the polypeptide as
described herein.

[0061Rh] In a ninth aspect, there is provided a method of producing any one of the polypeptides
as described herein comprising incubating the host cell as described herein under conditions
suitable for expression of the polypeptide.

BRIEF DESCRIPTION OF FIGURES

{0062] Figure 1 is schematic of exemplary multivalent and multispecific fusion proteins
of the present disclosure.

[0063] Figures 2A, 2B, 2C, 2D, 2E, 2F, and 2G are a series of graphs demonstrating the
binding of representative DRS VHHs or humanized variants thereof to either human DR35

(Figures 24, 2B, 2E, 2F, and 2G} and cyno DR5 (Figures 2C and 2D). Figures 24, 2B,
18
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2H, 2F, and 20 demonstrate the binding of some VHHs and humanized VHHs binding to
human DRS as assessed by flow cytometry on BRS expressing CHO cells. Figure 2C and
25 demonstrate the binding of YHHs and humanized VHHs binding to cyno DRS as
assessed by ELISA using recombinant cyno DRS. In Figures 2A, B, €, D and £, the DRS
targeting fusion proteins used were bivalent, and formats used were VHH-Fe or humanized
{hzy heVHH-F¢. In Figures 2F and 26, humanized tetravalent (VHH-linker-VHH-Fo) DRS
targeting Fe~fusion proteins were used.

(064} Figures 3A, 3B, and 3C are a series of graphs demonstrating the direct
apoptosis inducing capacity of DRS targeting fusion proteins of the present disclosure. In all
assays, the ColoZ03 celis were used and the DRS targeting VHH was H10 formatied as (&)
H10-Fo (valent), {(B) H10-hinker-H10-Fo (etravalent), or {C) Hi0-hinker-H10-linker-H10-
Fe ¢hexavalent). Figare 3A 13 a graph demonstrating the enhanced apoptosis inducing
capacity of a bivalent DRS targeting fusion protein when a crosslinking agent is used.
Figure 3B is a graph demonstrating the enbanced apoptosis inducing capacity of a
tetravalent DRS targeting fusion protem compared to a bivalent DRS targeting fusion
protein. Figore 3C is a graph demonsirating the enhanced apoptosis inducing capacity of a
tetravalent and furthermore hexavalent DRS targeting fusion protein compared to a bivalent
DRS targeting fusion protein and TRAITL.

[8065] Figure 4A is a graph demonstrating the ability of a hexavalent DRS targeting
fusion protein to mduce apoptosis of the resistant cell line Panc-1. Colo2035 is shown for
comparison. H10 DRS targeting VHH is shown.

[THESY Figure 4B is a graph demonstrating the enhanced sensitivity of Panc-1 to a
tetravalent DRS targeting fusion protein when doxorubicin is added. The DRS targeting
YHH shown is humanized FO3 (hzF03), formatted as hzF03-hinker-hzF03-Fe,

6067] Figure § 15 a graph demonstrating the anti-tamor activity of tetravalent DR3S
targeting fusion proteins of the present diselosure in a munine tumor xenograft model with
Colo-205 cells. Fusion proteins were dosed at Tmg/kg weekly for 4 weeks via 1Y
administration. Dosing bogan when tumors reached approximately 300mm”

(36381 Figures 6A, 6B, 6C, 6D, 6E, 6F, 64, 6H, 61, and 6] are a series of graphs
demonstrating direct cell death inducing capacity of some the tetravalent DRS targeting
fusion proteins of the present disclosure compared to TAS266 {(a tetravalent BRS nanobody
described in PCT Publication No. WO 2011/098520A 1) on various cancer ceil lines

{Figures 6A and 6B) Colo-203, Panc-1 (Figures 6C and 6J), JL-1 (Figure 6D, HCT-116
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(Figare 6E}, NCL-H2E (Figure 6F), NCEH4A6( (Figure 6G), HT-29 (Figars 6H), and MSTO-
211H (Figure 61). In Figures 6A-6D, the DRS targeting VHH is a homanized vartant of 1F53
(hz1F5) formatied as hzVHH-Inker-hzVHH-Fe. In Figures 6E-64, the DRS targeting VHH
18 a humanized varant of either 1F2 (he 1F2) or 206 (h2206) formatied as hzVHH-linker-
hzVHH-Fo variants.

3069 Figure 7A is a graph demonstrating the differences in autoantibody
recognition of TASZ66, (a tetravalent DRS nanchady descubed in PCT Publication No.
WO 2011/098520A1) and humanized tetravalent 1FS {(Tet-hz1FSv3) of present disclosure,
This graph depicts the results from the serum of 45 human donors. Autoantibodics
contatuing oither a kappa or lambda light chain were detected in separate assays using the
respective anti-human Ig Kappa or anti-human Ig Lambda HRP-conjugated secondary
antthodies. Data are normalized to positive control of an Igl antibody having cither a
lambda or kappa hght chain, respectively. TAS266 displays significant antoantibody
recognition while autoantibody recognition of Tet-hz1F5vS is reduced o that of {g(s control
background.

6670 Figure 7B is a graph that demonstrates that pooled serum from multiple
human donors (IVIG, Ganunex®-C, Grifols} contains some 1gG antibodies that recognize
single doman antibodies {sdAb) including TASZ66.

{6671} Figure 7C 15 a graph that demonstrates that recogmition of TAS266 by
aufoantibodies within IVHEG mduces apopiosis of primary human hepatocytes.

6872 Figurcs 8A and 8B are a series of graphs demonstrating the autoantibody
recognition-dependent hepatotoxicity of TAS266, but not Tet-hzIF5v5, on HepRG™ the
terminally differentiated hepatic cells denved from a hepatic progenitor cell line. In Figure
%A, apoptosis was mountiored using a caspase-3/7-specific fluorogenic substrate with
IncuCyie Zoom live coll imager (Essen Biosciences), data shown 1s at 48 hours. In Figure
8B, apoptosis was monitored afier 48hours using a CeliTiter Glo assay {Promega). IVIG
{Gamunex®-C, Grifols) was used an sdAb-directed autoantibody contaiming antibody pool.
6873 Figurcs 9A, OB, 9C, and 93 are a series of graphs demonstrating the
autoantibody recogoition~dependent hepatoxicity of TAS266, but not the tetravalent DR3
targeting fusion proteins of the present disclosare. HepRG™ cells were used as a swrrogate
for human hepatocytes. FVIG {(Gamnunex®-C, Grifols) was used an sdAb-directed
autoantibody containing antibody pool. Figures 9A and 9C depict independent 48 hour

assays and demonstrate that TAS266 induces hepatotoxicity when crosslinked by
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autoantibodics. Moderate hepatotoxicity was observed when a crosshinking anti-human Fe
secondary was added to the tetravalent BRS targeting fusion proteins of the present
disclosure, hzl¥F3, hziF2 or ha2C6, formatted as heVHH-linker-hzVHH-Fc. Celf viability
was assessed by CellTiter Glo (Promega). Figure 9D depicts the reduction autoantibody
recognition-dependent hepatotoxicity of TAS266 when 1t is modified at amino acid
positions Leull and the C-terminal region of each of the four DRS sdAbs (FIX-TAS266,
SEQ 1D NG 126). This data demonstrate that bepatoeytoxicnty of FIX-266 i the presence
of IVIG 15 reduced to that of TAS266 in the absence of IVIG. HepRG cell viability was
assessed by CeliTiter Glo (Promega). Figure 9B depicis the kinetics of autoantibody
recognition-dependent hepatotoxicity of TAS266 as well as the secondary antibody
crosstinking-dependent hepatotoxicity of Tet-hz1F5v6. Apoptosis was monttored over a 46
hour period using a caspase-3/7-specific fluorogenic substrate with IneuCyie Zoom hive cell
imager {Essen Biosciences). Tetravalent BRS targeting fusion proteins of the present
disclosure do not induce bepatotoxicity i the presence or absence of sdAb-directed

autoantibody contaimng antibodies.
DETAILED DESCRIPTION

THUEY The disclosure provides molecules that specifically engage death receptor 5
{DR3), a member of the TNF receptor superfamily (TNFRSF). More specifically this
disclosure relates to multivaient molecules that bind at least BRS. These mudtivalent
TNFRSF binding fusion protems comprise two or more TNFRSF binding domains
{DRIBDs), where at least one DRIBD binds BRS These molecules are reforred to herein as
DRS-targeting molecules.

6875 These DRS-targeting molecules include at least one copy of a single-domain
andibody {(sdAb) sequence that specifically binds DRS. In some crobodiments, the DRS-
targeting molecules include two or more copies of a sdAb that specifically binds DRS, for
example, three or more, four or more, five or more, or s1x or more copies of a sdAb that
specificaily binds DRS.

{6676} A single~-domain antibody {(sdAb) 1s an antibody fragment consisting of a
single monomerie variable antibody domain that i3 able to bind selectively to a specific
antigen. With a molecular weight of only 12-15 kBa, single-domain antibodies are much
smaller than convnon antibodies (150-160 ka} which are composed of two heavy protein

chains and two light chams, and even smaller than Fab fragments (~30 kDa, one hight chain
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and half a heavy chain} and smgle-chain vanable fragments (~23 kDa, two variable
domains, one from a light and one from a heavy chaing.

16077) Single domain antibodics are antibodies whose complementary determining
regions are part of a single domaim polypeptide. Examples include, but are not hinnted to,
heavy chain antibodies, antibodies naturally devoid of light chaing, single domain antibodies
derived from conventional 4-chain antibodies, enginecred antibodics and single domain
scaffolds other than those derived from antibodies. Single domai antibodies may be
derived from any specics inchuding, but not himited to mouse, human, camel, Hama, goat,
rabbit, and/or bovine. o some embodiments, a single domam antibody as used herein is a
naturally occurring single domain antibody known as heavy chain antibody devod of hight
chaing. For clarity reasons, this varable domam derived from a heavy chain antibody
naturally devoid of hght chain s known herein as a VHH to distinguish if from the
conventional VH of four chain tmmunoglobulins. Such a VHH molecule can be derived
from antibodics raised in Camelidac specics, for example 1 camel, Hama., dromedary,
alpaca and guanaco. Other species besides Camehdae may produce heavy chain antibodies
naturally devoid of light chain: such YVHHs are within the scope of the disclosure.

6078] A single-domain antibody can be obtained by oumunization of dromedanes,
camels, Hamas, alpacas or sharks with the desired antigen and subscquent 1solation of the
mBNA coding for heavy-chain antibodies. By reverse tranacription and polymerase chamn
reaction, a gene library of siugle-domain antibodics containing several million clones is
produced. Screening techunigues like phage display and ribosome display help to denuity the
clones binding the antigen. (See ¢.g., Arbabi Ghahroudi, M., Besmyter, A.; et al. (1997}
“Selection and identification of single domain antibody fragments from camel heavy-chain
antibodies”. FEBS Lettors 414 (3): 521-526)

{6679} A different method vses gene hibrarics from animals that have not been
mmmunized beforchand. Such naive ibraries usually contain only antibodies with low
affinity to the desired antigen, making it nocessary to apply affinify maturation by random
mutagenesis ag an addiional step. (Sacrens, D ; et al. (2008}, “Smgle-domain antibodics as
building blocks for novel therapeutics”. Current Opinion e Pharmacology 8 (51 600-608.)
36801 When the most potent clones have been identified, their BNA sequence is
optimized, for example to improve their stability towards enzymes. Another goal is
humanization {o prevent immunological reactions of the human organism agamst the

antibody. Hamanization is unproblematic becanse of the homology between camelid VHH
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and haman VH fragments. {Sec ¢.g., Sacrens, et al, 2008}, “Single-domain antibodies as
building blocks for novel therapeutics™. Current Gpinion in Pharmacelogy 8 (3} 600608 )
The final step 15 the translation of the optinized single-domarn antibody in E. coli,
Saccharomvyees corevisiae or other switable organisms.

{6081} Single domain antibody fragments are also derived from conventional
antibodics. In some embodiments, single-domain antibodies can be made from common
murine or huran 1gG with four chains. (Holt, L. 1 et al. (2003}, “Domain antibodies:
proteins for therapy”. Trends in Biotechnology 21 (11} 484490} The process is similar,
comprising gene libraries from immunized or naive donors and display technigues for
idendification of the most specific antigens. A problem with this approach is that the bindng
region of common Ig( consists of two domains (VH and VL), which tend to dimerize or
aggregate becanse of their lipophilicity. Monomerization s usually accomplished by
replacing lipophilic by hydrophilic amino acids, but often resulis in a loss of affinity to the
ardigen. {See ¢.g., Borrebacck, C. AL K. Oblin, M. (2002}, “Antibody evolution bevond
Nature™. Nature Biotechnology 20 (12} 1189-90) If affinity can be retained, the single-
domain antibodies can likewise be produced in E. coli, S. cercvisiae or other organisms.
3682} Monovalent single domain antibodies can be made multivalent via several
methods. For example the cDNA encoding a first sdAb can be genetically fused to a linker
encoding DNA sequence followed by a second ¢DNA encoding an sdAb and so forth and so
on. Alternatively, the cDNA encoding an sdAb can be fused to cDBNA encoding a second
protein or fragment thereof that naturally mmltimerizes or s engineered to muftimerize. For
example, fusion of an sdAb to an IglG Fe region will dimenize the sdAb, Wherein a tandem
sdAb encoding constructed is linked to an Fe encoding construct the resultant fusion protein
once expressed will be tetravalont. Whercin a construct that encodes three sdAbs is linked to
an Fo encoding construct the resultant fusion protem once expressed will be hexavalent.
This disclosure contemplates the use of the additional muldtimerization domams, including
collagen homotrimerization and heterotrimerization domains, leucine zipper domains, ps3
tetramerization domains, ¢-Jun: Fos heterodimeric peptide sequences, cartifage oligomeric
matrix protein {COMP48), tnmeric adiponectin, rimeric surfactant protein D, and/or

svnaptic acetvlcholinesterase tetramer.
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Death Receptor 5 (TRIAL-RZ, TNFRSF1088) Targeting

{6683} The TNF-related apoptosis-inducing higand (TRAIL) evolved to play cntical
roles in mammalian development and host defense by selectively eradicating vowanted,
infected and malignant cells from healthy ccll populations. On binding the TNF receptor
family members DR4 or DRS, TRAIL mduces coll death via caspase-dependent apoptosis.
DRS (TNFRSFIOB) appears o be the primary receptor on tumor cells that faciittates the
observed tumor biased activity of the TRAIL pathway. DRS is activated by the natural
tigand TRAIL, which brings three PR3 receptors within close proximity thereby activating
mtraceliular caspase-8 and wutiating activation of other death-inducing caspases, such as
caspases-¥ and caspases-3. Thus initiation of this cell death pathway requires clustering of
DRS receptors for efficient cell death.

G084 Etforts to clinically explott the TRAIRL pathway for cancer therapy rehied
upon 8 recombinant version of the natoral higand TRAIL and antibodies specific for BRS.
Antibody agonisis targeting DRS required a crosshinking agent in preclinical in vitro
experiments. This was due to the fact the conventional antibodies resulied mn clustering of
ondy two D3RS receptors {one per cach heavy and hight chain). Two DR3 receptors are
msufficient io activate the cell death pathway thus the need for a crosslinking agent.
Serpnsingly in vivo administration of DRS targeting antibodics in pre-clinical mouse
modcls of buman cancers showed significant activity 1 a wide variety of tumor types. This
activity was later shown to be dependent on mouse FegammaR (FoyR) receptors. Climcal
studies in humans failed to reproduce the robust responses scen in these pre-chinical mouse
models. The lack of activity in homans 1s hypothesized to be due to insufficient antibody
crosslinking. This may be due to differences n serum IgG, FegammaR (FeyR) and or
TRAH. concentrations between imuwine compromised mice and human cancer patiernds.
[THENRY The present disclosure provides multvalent fusion proteins targeting DRS
that are capable of potently agonizing DRS signaling mediating direct cell death. The fusion
proteins of the present disclosure can be travalent, tetravalent, pentavalent, or hexavalent.
Iewportantly, the fusion proteins of the present disclosure are capable of cliciting apoptosis
of D3RS expressing cells mdependently of exogenous crosshinking agents.

j686] In some embodiments, the fusion proteins of the present disclosure
mcorporate a DRSBD that binds DRS. In preferred embodiments, the DRS binding DRSBD
does not bind DR4, decoy Ri, decoy B2, Osteoponting, or any other TNFRSHE member. In

preferred embodiments the DRS binding DR3BD binds human and cynomolgus monkey
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DR3. In some embodiments, the BRS binding DRSBD blocks the interaction of DRS and its
figand TRAIL. In other cmbodiments, the DRS binding DR3BD does not block the
mteraction of PRS and #ts ligand TRAILL. In some embodiments, the fusion protein of the
present disclosure incorporates multiple DRS binding DRSBDs that recognize distinet
epitopes on DRS. In some embodiments, the fusion profein of the present disclosure
imeorporates multiple DRS binding BRSBDs, wherein some BR3BDs block the DRS-
TRAIL mteraction and other do not block the DRS-TRAIL mieraction. In preforred
embodiments, DRS targeting fusion proteins of the present disclosure induce direct cell
death of tumor celis. The DRS targeting {usion proteins of the present disclosure have otility

i freating tmors of both hematologic and solid 1o nature.
Exemplary DRS Binding sdAbs

30871 BRS VHH (llama~dernved) and humanized sequences are shown below, and
the COR sequences are shown below cach sequence. In some embodiments, the BRS
binding sdAb is fused to an g Fe region and in these embodiments the fusion protein is
bivalent having two DRS binding domains per molecule. In some embodiments, two DRS
binding sdAbs (2x) are fused to an IgG Fo region and n these embodiments the fusion
protoin 1s tetravalent having four DRS binding domains per molecule. In some
cmbodiments, three BRS binding sdAbs (3x) are fused to an igG Fe region and in these

crabodiments the fusion protemn s hexavalent having six DRS binding domaios per

molecule.
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OVQINOSEGEELV DS LRLECAASGLT FPNYGMGWFROAPGEEREFLAVIYWSEETN
DOVRGRFTISRODAARNMVY LOMNSLESDDTAVYYCAVT IRGAATOTWRYDYRGRGTQVIVS

S ({SEQ ID NO: 135}

ID Noe 1285

CDR1: SGLTEPNY

CDRZ: VIYWSGGTVE (SEQ ID NO: 1Z3)

COR3: AVITIRGAATOTWRKYDYW (SEQ ID NO: 1203

EVOLLESGGGLVOPGGSLRLECAASGLTFPNYGMSWERQAPGRGLEEFVSATYWSGETVY YA
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(SEQ ID NG: 131

PCT/US2016/042862

130)

v A

TOTWRKYDYWGQGTLVTIVE

1309

ATOTWERYDYRGOGETLVIVEK

~

TOTWEY DY WGOGTOVIVEK

FVCATYWEGGTVY YA

L KINTAT

\TOTWKY DYWGQGTLYT VK



WO 2017/011837 PCT/US2016/042862

COR3: AVITIRGAATOTWKY!I

YW (SEQ ID NO: 120)
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COR1: SGLTEPNYGM (SEQ ID NO: 128)

RZ: VIYWSGGETVE (SEQ ID NO: 129)

A

CDRZ2: AVTIRGAATQTWEYDYW (SEQ ID NO: 130)

ESGGGEVOPGGSLRLECAASGLTFPNYGMGWEFRQAPGKEREEFVIATYWSGGETVY YA

ESVRGRETISRDNAKNTLYLOMSSLRAEDTAVYYCAVT IRGAATOTWRKYDYWGOGTLVTIVE
PO(SEQ ID NO:@ 87

CDR1: SGLTEPNYG

ID NO: 128)
CDRZ: AIYWSGGETVY (SEQ ID NO: 131)

CDR3: AVITIRGAATQTWRYDYW (SEQ ID NO: 130}

EVOLLESGGGEVOPGGSLRLECAASGLTFPNYGMGWERQAPGREREFLAVIYWSGGTVY YA

ESVKGRETISRODNARKNTLY LOMS AEDTAVYYCAVT IRGAATOQTWRY DYWGQGTLVIVE
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hzlF5v7

SGEGGEEVOPGGSLRLECAASGLT FENY GMGWEFRQAFPGHKEREEVSATYWSGETVY YA
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EVQOL
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BSVKGRFTISRDMAKNTVYLO
P (SEQ ID NO: 89)
CDR1: SGLTFPNYGM (SEQ ID NO: 128)

CDRZ: AIYWIGGETVY (SEQ XD No: 131

CDRZ: AVIIRGAATQTWKYDYW (SEQ ID NO: 130)

hziFsSve
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ESVRGREPTISRONARKNTVY LD TAVYYCAVTIRGAATQTWRYDYWGQGTLVIVK
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(SEQ ID NO: 320}

(SEQ ID No: 1Zz@

CDRZ: VIYWSGGETVY (SEQ ID NO: 133

COR3: AVITIRGAATOTWRKYDYW (SEQ ID NO: 1203
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DSVRGRETISRDNTRNTVY LOMDSLKREDTAVYYCAAAQESFRRGGAPY GDNYWGOQGTOVTIV

CDR1: SGRTVSNYAM (SEQ ID NO: 134)

(SEQ ID NO: 128)

CDR3: AAAQSFRRGCGAPYGDNYW (SEQ ID NG: 136)
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EVOLLESGLGLVOPGGESLRLSCAASGRTVSNY AMSWERQAPGKGLEFVSALNWGGDTTYYA

RADDTAVY YCARRQSFRRGGARY
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CODRL: SGRTVENYAM (SEQ ID NO: 124)
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SAVYYCAVISQPTY SGGVY Y PRYGMDVWNGQGT
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CDRZ: AISRSGDNIY (SEQ ID NO: 143)
\ Sl ‘
CDOR3: AVDIQPTYSGGVYYPRYGMDVW (3EQ ID NO: 144)
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CDR3: AVDIQPTYSCGGVYYPRYGMDVW (SEQ ID NO: 144)
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CDR2: AVDSQPTYSGGVYYPRYGDDVW (SEQ ID NO: 148)
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ROVKGRETISRONAK

YTAVYYCAVISOPTY SGGVY Y PRYGLDVRWGQGT
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CDR1: SCGSTESSLDMGW (SEQ ID NO: 147

CDR3: AVESQPTYSCGGVYYPRYGMDVW (SEQ ID NO: 147)
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Z: AIBRSGIN Noe 1435
CDRZ: {(SEQ ID NG: 130)
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TROAPGRGREFVSAL

/DAQETY SGGVYY PRYGSDVWGQGT

LVIVEKPGG

CDR1: SCGSTESSLDMGW (SEQ ID NO: 147

RZ: AISRSGEDNIY (SEQ ID NO: 143)

CDR3: AVDAQPTYSCGGVYYPRYGSDVW (SEQ

-4
)
=
[§)
i..)
i
[&

hzlF2-MT

EVOLLESGGLGEVOPGGESLRLSCAASGST S SLDMGWERQAPGKGREFVSATSREGDNIYYA

ESVRKGRETISRI

YYCAVDAQPTYSGGVYYPRYG

WHGEQGT
LVTVE

PGG {SEQ ID NO: 47)

A0

CDOR1:

SLDMGW

Z: AIBRSGIN




WO 2017/011837 PCT/US2016/042862

hz1lFE MV

»x\yol arr THEOAT R

SGGEEV \W PEGSLRL

SCAASGESTESSLDMGWEFRQAFPGHGREEVSATLSREGDNIYYA

ESVKGRETISRDNAKNTL

SSLRAEDTAVYYCAVDAQPTY SGGVYY PRYGVDVWGQGT

LVIVKPGG {SEQ ID NO: 48)

z

CDR1: SGSTESSLDMGW (SEQ ID NO: 142

CDRZ: AT SEQ ID NO: 143
CDR2: AVDAQPTYSGGVYYPRYGVDVW (SEQ ID NO: 138)

[hy
©

9]

i

3|
O

{

LVOSGGELVOAGGSLRLSCAASGRAFSNY ALGWEFRQAPGKEREF IAATNWNGENRY GV

tx o,

DSVRGREPTISRINACNMGY LO

VYRCAAALS FRLGGERY G

\l’“']'\f\* ~,-n‘/~

WV

IS {SEQ ID NO: 49)

2]

CTDR1: SCGRAFSNYALGW (SEQ ID NO: 1S

: ATNWNGENRY (SEQ ID NO: 180)

CDR3: ARALSFRLGGEPYGDAYW (SEQ ID NO: 181;

RAFSNYAMSWERQAPGRGLEPVEATNWNGENRY YA

DSVEGREFTISRDNSKN

TAVYYCAAAT SPRLGGEPYGDAYWGOGTLVTV

2 ATNWNGENRY (SEQ ID NO: 160)

CDR3: ARALSFRLGCEPYGDAYW (SEQ ID NO: 161)

BA04

QVOLOESGLGGLVOAGGELRLBCVASGS T EFTNNAMGHWY ROAFGKORDLVAQTITMGGGITNY A

o NY A

POMEGREPATISRDNAKSTVY LOMNNLRPEDTAVY YCNAEVEKSADWGAY ANYWGOGTQVIVES

(SEQ ID NO: 3519

A

CDOR1:

TNNAM (SEQ ID

CDRZ2: NAEVKSADWGAYANYW (3EQ ID NO: 183)

[
(¥
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hzba04vl

4 e DeTTAT R o~
SGEGGLVOQPEGSLRLICA

TN

NVEBATTMGGEGTITYYA

Y ROAFPGKE

DEVKGRETISRDNSKNTLYLOMNSLRAEDTAVY YCNAEVKSADWGAY ANYWGQGTLVIVES

(SEQ ID ND:

CDR1: SGSIEFTHRNAM (SEQ ID NO: 183

CTDRZ: A

R
e M

GGGITY (SEQ ID NO: 186)

o)
&
lx‘,
(€]
=
&
B
"~y
=
0
[
g
»
“

:1

_____ (SEQ ID NO: 163

hzBa04v2

EVOLLESGGGLVOPGGSLRLECAASGSI FTNNAMSWY RQAPGKGRELVSOTITMGGGITY YA

DOSVRGRETISRINSK YTAVYYCONAEVKEADWGAY ANYWGQGETLVIVES

SEQ ID NO: 53)

(SEQ ID NO: 183)
RZ: QITMGGGITY (SEQ ID NO: 1g7)

CDOR3: NAEVEKSADWGAYANYW (SEQ ID NCG: 185)

ARSREATHN
ALASVH

ARGANYWGOGETQOVT

2 ASVIWN

NGGNY (SEQ ID NO: 1¢69)

CDR3: VVARTPETFITSARGANYW (SEQ ID NO:

hePF03v2

EVOLLESGLGLVOPGHLESLRLECAASGREISNYAMGWERQAPGKEREFVSASVWNNG

DEVRGRETISE YYCVVARTPETRITSARGANYWGOE
V3S (SEQ ID NO: 55

CDR1: SGRE] (SEQ ID NO: 188)

(SEQ ID ND: 189)

CDRZ2: VVARTPETPITSARGANYW (SEQ ID NO: 178

PCT/US2016/042862
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hzFO3viopt

THEOAT Ik

»K\V\-E SGEGGEEV \WL GCGSLRLSCAR

 LSNY

ESVKGRETISRDNAKNTLYLOMSSLRAED

VEKPGE (SEQ ID NO: 586)

CDR1: =GR

STENYAM (SEQ

CTDRZ: ASVWMNNGGNY

L.

-

CDRZ: VVARTPETPITSAR

GANYW

hzFO3viapt

CARSGRS

LESG

GGEVOPGGSL

EVOI

ESVRGRETISRDDAKS

VEPGG (SEQ ID NG: 57)
CTDRL: SGRSIS (SEQ ID NO

CDRZ: ASVWNNGGNY (SEQ ID
CDOR3: VVARTPETPITSARGANYW

ASVIENQGENY
VVARTPETFITSARGANYW

hzFO3viopt

EVOLLESGGLGEVOPGGLESLRLECAASGREISNY

-11_1\r f“Q

GRETISRI

VKEPGE (SEQ

CDR1: SGRE] (SED

(SEQ

CDR2: VVARTEPETPITSARGANYH

[y

AN T
)L’-\\/

NO

(SEQ ID NO:

T SNYAN

(SEQ ID NO:

AVY Y

AMGWE

ASTRT T

AW e

TAVYYCVVARTPE

NEeivata\

L

VoV

YYCOVVARTPE

AFPGKEREEFVSASY

™

RTPETE

‘ROAPGKERE

"i/(‘

"TROAPGEEREE

TPITSARGANYWGQGT
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ASVUWNNGGNY
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< EEN

SARGANYWGQE!

TQn Ay
FSASY

ARGANYWE

DAY FOOETTL Y
ARGANYWGEOGET

TLVT

WNNAGNYYA
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LT T ~h
sSLRLSCA

GRETSNYAM

T I

IGWERS

APGKEREFVSASVENQGGNY YA
ESVKGRETISRDDAKSTLY LOMS SLRAEDTAVY YCVVART PETPITSARGANYWCEQGTLVT
VKPGG (SEQ ID NO: 60)

CDOR1: SGES

CDRZ: ASVWNQGGNY (SEQ ID No: 171

CDRZ: VVARTPETPITSARGANYW {(SEQ ID RO: 170}

EVOLLESGGGEVOPGGSLRLECAASGRETESNY AMGWERQAPGRKEREFVSASVWNNAGNY YA

ESVRGRETISRDDAKSS TAVYYCOVVARTPE

s /AR STLVT

Y

;,.

VEPGG (SEQ ID NG: ©l)
CTDR1: SGRSISNYAM (SEQ ID NO: 188

NO:

- P
DESGGEHESVOAGES

RAASDYAVGWERQAPGRKERERPVAACNWSG

YCARAPSESRSVLD

NLSOIDYW

2o ACNWSGE

@]
-l
B
LA
)
-
S
)
[l
h'|
6]
13
93]
74
~~
=
e
(1
[
<oy
=
|07]
1
e
<
=
W
gl
-
W]
P
i...x
(@11

hz3B7v2
EVOLLESGGGLVOPGGSLRLSCAASGRAASDY AMSWIFROQAPCKGLEFVSAINWCGEEDTVYA

DEVRKGRETISRDNIKNTIN

APSEFSRIVLDGENLEQ

7
/

VIVES (SEQ ID NO: 83)

Chrl: YAM (SEQ ID NO: 176)

v W

v

[y
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O
OVOLVOSGGELADAGGSLRLSCVASGRTFTNY AMGWEFRQAPGKEREFVAATNWSEDSTY HA

STOVTV

TRLKPEDTADYYCASARSEFSRGGL VL

DOSVRGRETISRINAK

LSVYLO

(SEQ ID No: 178)

ATNWSGDSTY (SEQ ID NO: 1

ORI ASARSRSRES
CDOR3: ASAESESRC

hez8G0ivl

CLEFPVSATNRSCDETY VA

LESGGEGELVOPGGESLRLSCAASGRT FTNY AMSWERQAPG

DSVEGREFTISRDNSKNTLY LOMNSLERAEDTAVYYCASAESFSRGGLPYGMNYWEQGTLVTIV

CDRZ: AINWSG

CDR3: CLPYGMRNYW (SEQ ID NO: 180}
hz6GlLlvicpt
EVOQLLESGGGEVOPGGELRLSCAASGRTEFTNYAMSWERQAPCGKGLEFVSAINWEGDETYYA

ESVRKGRETISRI NTLYLOMSSLRAERDTAVY YCASARSEIRGGLEPYGMNYWGDGETI

KpPGG {(3EQ ID NC: o6}

{
)

Chrl:

RZ: AINWSGLSTY (SEQ ID ND: 179)

CDRZ2: ASAESFERGGLPYGMNYW (SEQ ID NO: 1803

H1O

AYTONT

QVOIN CEPGTSPVGWERQAPGKEREFVEAIRWDGVGAY YA

SEEELVOAGGSLTLSCAASY

NELKPEDTAVYYCALPRRGDSELPSTVKEYGYWGOGTQV

DSVRGREENSKDNAKRTAYLO!

PRI I
TVES \

NG: a7}
CDR1: SVSTFGTSEV (SEQ ID NO:
CDRZ: AIRWDGVGAY (SEQ ID NO:

CDR3: ALPRRGDSELPSTVKEYGYW (SEQ ID NO: 183}

[y
o
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hzH1O0v3

»x\7r\'; arr THEOAT R

SGGEEV \W PEGSLRLSCAA

STEGTSPVGWIRQAFGKREREFVEATIRWEGVGAY YA
ESVKGRETISRDNAKNTLYLOMSSLRAEDTAVYYCALPRRGDSELPSTVKEYGYWGOGTLV

TVRP (SEQ ID NC: 68)

CDR1: SVSTEGTSEV (SEQ ID NO: 181

e S o
CDRZ s

RWEGVGAY (SEQ ID NO: 184)

3@ ALPRRGDSELPSTVEEYCGYW (SEQ ID NO: 183}

yal

T
L/

hzH1Ov2

EVOLLESGGGLVOPGGSLRLECAAEVE

TEGTEPVGWEFRQAPGKEREFVEATRWDGVGAY YA

DOSVRGREPTISRINSKNTLY LS

YTAVYY CR

PRRGOSELPSTVREEYGYWGQGETLY

TV3S (SEQ ID NO: &9

FGTSPV (SEQ ID NoO: 181

CDRZ: AIRWDGVGAY (SEQ ID NO: 182)

COR3: ALPRRGDS h¢ {SE

STVKEYGYW {SEQ ID NO: 183)

REPVEATE

ESVEGREFTISRDNAKNTLY LOMSSLRAEDTAVYYCALPRRGDSELPSTVEKEYGYWGOGTLV

CDR1: SVSTEGTSPV (SEQ ID NO: 181)

ATRWDGVGEAY (SEQ ID NO: 1ez)
(SEO IR \
{SEQ 3 )

hzHi0-DS8

EVOLLESGLGEVOPGGESLRLSCAASVETPGTSPVGHWERQAPGKEREFVCATRWE

BOVKERFPTOSK

TS

STAVY YCALPRRGDSELPSTVKEYGY WGQGT LV

TVEPGG (SEQ ID NO: 71)

COR1: SVSTEGISPV (SEQ ID NO: 1el)

Z5 A

RWEGVGAY (SEQ ID No: 184)

CDRZ2: ALPRRGDSE

STVEEYGYW

VAl
]
1O
H
]
e
O
’__X
8%}

40
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FTISKDNAE
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THEOAT R

PEGSLRLSC

SP)

ARG vy
FUAT Vi

VQF L SWETEPGTSPVGHWEFRQAPGKEREEVSATRWD,

T

RTLYLGO

SSLRAEDTAVYYCALPRRGDSELPSTVK

ID NO:

CDR1: SVSTEGTSEV (SEQ ID NO: 181

CDRZ: AIRWDAVGAY (SEQ ID NO: 1835

CDRZ: ALPRRGDSELPSTVEEYGYW (SEQ ID NO: 1833
hzH10vBopt
EVOLLESGGGEVOPGGSLRLECAAEVSTFGTEPVEGWERQAPGRKEREFVSATRWDGVGAY YA
ESVRGREPTISKIONARKRTLYT TAVYYCALPRRGESELPSTVREEYGYWGOGETLY

hzH1O0vaopt

o

NO

TSPV (SEQ NOo: 181

ATRWDGVGAY (SEQ ID NO: 182)

ALPRRGESELPSTVKEYGYW (SEQ

Y LESGGGEVOPGGESLRLSCAASVETFGTSEFVGWEFRQAPGREREFVIATRE
ESVEGREFTISKDNAKRTLY LOMSSLRAEDTAVYYCALPRRGDAELPSTVKEYGYWGOGTLY
TVKPGE (SEQ ID NO: 74)

CDR1: SVSTEGTSPV (SEQ ID NO: 181)

o AIRWDGVGAY (SEQ ID NO: 182

CDR3: ALPRRGDAELPSTVREYGYW (SEQ ID NG: 187}
hzHiOv7opt
EVOLLESGGGEVQPGGSLRLICAASVITPGTSPVGWERQAPGKEREEVSATRWDGVGAYYA
ESVRGRETISEDNAKNTLY LOMSSLRARDTAVY YCALPRRGDSELPSTVKEYGY WGOQGT LV

TVEPGG (SEQ

CDR1L

ID NQ: 75)

SVSTEGTSPYV (SED

PETVEKEYCYW (SEQ ID NO: 183)
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hzH10vBopt

EVOL YT Ay
BEVOL RLSCAA

SGEGGEVQPRGEGESL WSVSTEGTSPY

ESVKGREFTISKDNAKRTLYLO

(SEQ ID NO: 7&)

GWERQAFPGKEREE

SSLRAEDTAVYYCALPRRGESELPSTVK

PCT/US2016/042862

\/C'/\

TRWRGVE
e,

Lz Vizx

CDR1: SVSTEGTSEV (SEQ ID NO: 181

CDRZ: AIRWEGVGAY (SEQ ID NO: 184)

CDRZ2: ALPRRGESELPSTVEEYGYW (SEQ ID NO: 186
hzB10opt
EVOLLESGGGEVOPGGSLRLECAAEVSTFGTEPVEGWERQAPGRKEREFVSATRWEGVGAY YA
ESVRGREPTISKINARKRTLYLO TAVYYCALPRRGDARLPSTVREEYGYWGOGETLY
TVKPGGE (SEQ ID NO: 77)

CDR1: ‘GTSPY (SEQ ID No: 181)

CDRZ: AIRWEGVGAY (SEQ ID NO: 184)

CDOR3: ALPRRGDAELPSTVKEYGYW (SEQ ID NO: 187)

hzH1Ov1i0opt

- Pp— -~
JCnt‘kJ\'T("IE\V\J'J

WETFETS

"J

E LOMSSLRAEDTAVYYCALPRR
TVKPGE (SEQ ID NO: 7@)

CDR1: SVSTEGTSPV (SEQ ID NO: 181)

Ci ¢ AIRWDAVGAY (SEL ID NO: 1€

\J,

ALPRRGESELPSTVRKEYGYW {SEQ ID

Hil

QLOLOESGLGGLVOAGDELRLBCOVSGRTLSAY LMA

,t.\’
ol

GRETIS

P

LEPEDTAVYYCAA

,—\
0]

.
=
s

NO: 1€§g)

SEQ NO: 189)

CDRZ2: AARSIFNESDOYVYW (SEQ ID NO: 1

47

FVGWERQAPGK

ARSIEFNES

~r

R
Gins

EREFPVSATRR

PETVKEYGYW

WERQAFNKVREY LGRIRWNEGDTYYP

SDOY VY WGOGETOVTV
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hzH1Lv1

EVOLLESGGGLVOPGGSLRLSCAASGRTLSAY LMSWERQAFGKLG

LY VSATRUNEGDTY YA

DEVKGRETISRDNSKNTLY LOMNSLRAEDTAVYYCAARSIFNEPSDOYVYWGOGTLVIVSE
(SEQ ID ND: 80)
CDR1: SGRTLEAYIM (SEQ ID NO: 18%;

/

TN D e AT
CDRZ: RIRW

"/

NEGDTY (SEQ ID NO: 28)

CDR2: AARSIITNESDOQYVYW (3SEQ ID NO: 180)

hzHLLvZ

EVOLLESGGGLVOPGGSLRLECAVEGRTLEAYLMSWERQAPGKGREY VSRIRWNEGDTY YA
DOVRGREPTISRONSEKNTLY LOMNSLEAEDTAVYYCAARS DOYVYWGQGTLVIVSS

{(SEQ ID NO: 81)
CTDR1: SGRTLSAYIM (SEQ ID NO: 188)
2 : RIRWNEGDTY (SEQ ID NO: 183)

S AV IV
CDOR3: ARRSIPNEPSDOYVYW

> NO:

RLESCAASGETES

7 f'\

MGWERQAFE

VAATSRSGDNIYYA

ESVEGREFTISRDNAENTMY LOMNSLKEPEDSAVYYCAVESQETY SGGVY Y PRYGMDVWGQGT

QVIVSS (8EQ ID NO: 82)

DRZ: AISRSGEDNIY (SEQ ID NO: 143)

CDR3: AVESQPTYSCGGVYYPRYGMDVW (SEQ ID NO: 147)

hz1F10

ROAPGKGLEEFVSATISREGDNIYYA

VESQPTYSGGEVYY PRYC VIWGQGT

CDRZ2: AVESQPTYSGGVYYPRYGMDVW (SEQ ID NO: 147)
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: ¢ DoAY
LSGG

A
PEGSLR

g
A

o

GLV L3

T

GR

VK

FTISRDNSKNTLYLOMNSLRAL

SIS S 2 ONO:

84

wa
o

SVRGRETCSRONARKN

SEVOLLES

~ oy
)

RETCSRDNAK

LVTVEPGGGEE (SEQ ID NO:

2x_1¥S
EVQLLESGGGEVOPGESLRLSCAASGLTED

PGGSGGESEVOLLESGLGEVOPGGSLRLS
GGETVYYARSVRKGRETISRDNAKNTLY LOMS

VIVEPGGGEE ID NO:

9

(SEQ 93)

2x_IFE g=é

.q

VOL

LESGGGLV

v STES

OPGGSLRLSCAA

SVRGREFTISRING )T

LVIVSGESGELGEGE NQPGGSL

ATSRIBGDNIYYA RDNS

PRYGMDVWGQGTLVTVSSACGGGGE (SEQ T
2x_IFE g=sli2
EVOLLESGGGLVOPGGSLRLECAASGLTER

SGSTESSLDMG

TAY

TAVYY R

KNTIN
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AFROAFGEGREEVIAISR

SGDNTY

TAVYYCAVESQPTY SGEVYY PRYGMDVWGQGT

L47)
PNYGMSWFROAPGKGLEFVCATIYWSCEGTVYYA

YYCAVITIRGAATGTWRYDYWGQGETLVITVE

[ ANYS

.
A

GMSWERQ

CRGLEFVCATIYWS

SARTC

NI

PN LT
Y'Y 2L

CAV

WKY

NYGMEWERQAPRC

VT

N DT
VI IRGAAT

SLRA! ATOTWKY

TSR

VoA

SLDM

GREF

ISRSGDNIYYA

AV
2R

.
SGGEY

AVYYCTAVDSQPTY Y YPRYGMDVWGQGT

RLECAASGSTESSLEMGWERQARG

HGREE

CINT

Y1 INL I

X

LOMNSLRA

S e RN
VSGEGEVYY

(GL

NYGMSWERQAPG

n

A AVTIRG

NVYYCAVT IRGAA WERYDY

WGQGTLVIVS

RLSCAASGLTEPNYGMS

WFRQAPG EEV
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ATYWSGGETVYYADSVRKGRETISRDNSKN

NPT T NI
CAVT IRGAATOTWK

YDYWGEQGTLVIVSESSAGG

~ e
G (SEQ

2x 1P5 gsih

™7 NS

EVOQLLESGGGLVOPGGELRLSCAASGLTEPNYGMSWERQAPGKGLEFVSATYWEGGTVYYA

DEVRKGRETISEDNSKNTLY LG

RGAAT /\r 1\,‘! KYT

YWGQGTLVIVE

()

AT YT RN YO AT
NSLRARDTAVY YCAVT

GGSEVOLLESGGELVOPGGSLRLECAASGLT EPNY

WERQAPGEGL

SGHLGEEEGEGEGEE

EEVSAIYWSGGTVYYAL

SDTAVYYCAVT IRGAATD

TWEKYDYW

TLVTVSSAGEGE

2x hzl¥2vZ-gsé

EVOLLESGLGLVOPGGESLRLSCAASGST S SLDMGWERQAPGKGREFVSATSREGDNIYYA

DEVRGRETISERDNSKNTLY LOMNSLRARDTAVY YCAVDSQPTY SGLVYY PRYGMIVWGOGT

LVTVSGEGGEGESEVOLT

GLVOFGESLELSCAASGETFSSLEMGWEROAPGRGREEVS

DS

TRGGVYY

L 2T

PRYGNM TIVTVESSAGGGES

2x hzl¥2vZ-gs8
EVOLLESGLGLVOPGGELRLSER

DEVRGRETISRDNIKNTLY LOE

LVIVSEGEESGEEESEVOLLESGLGLVOPGLELRLSCAASGSTESELDMCW ERQAPGKGRE

El]\er Tap o
Al DD

Al

ISLRADDTAVYYCAVDSQOPTYSGE

[YADSVREGRETISRDNIE

VYYPRYGMDVWGOGTLVIVISAGGGEG (3EQ ID NO: 98)

EVOLLESGLGLVOPGGESLRLSCAASGST S SLDMGWERQAPGKGREFVSATSREGDNIYYA

DEVRGRETISRDNIKNTLY LOE VIHGOGT

YCAVDSQPTYSGGEVYY PRYG

CAASGSTESSLDMGWERCAPGE

GOGGEEVOLLES

GREFVSALSRSGDNIYYADSVRGE

DNV N OIANT T )]‘\‘I"
ITAVYYCAVDIOPTY

VTVSSAG

2x hzl¥2v2-gslB

o

EVOLLESGGGLVOPGGELRLSCAASGSTESSLDMSWERQAPGKGLEEFVSATS

DEVRGRETISEDNSKNTLY LOMNSLRARDTAVY YCAVDSQPTYSGLVYY PRYC

4

VIWGOGT

(¥
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MSWERQA

AVYYCAVDSQ

PEGSLRLSCAASGRAPSNYAMIWERQAPGKGLEFVIATNWNGENRY YA

DSVRKGREFTISRDNSKNTLYLOMNSLRAEDT?

- SEVQLI

(3 }:) (3\:'\ r:!

NGENRYYADRSVRGRETISRINGSG

GOGTLVTY EQ ID NO:

o et
TESAGEGEE 4 s

2x hzB04vl-gsl2

Para

GSLRLSBCAASGRAR

DSVRKGRETISRDNSKNTLY LOM

NSLRAED

OV QT T S AT
SGEESEESEEEESEVY)

ESGGGE

\.‘1
\/‘

QPG

NRYYADSVEGRETISRDNSK

GTLVTVSSAGGEGE (SEQ ID

2x hz

BO4vi~gsld

GGGLVY

DEVRGRETISRDNSKNTLYLOMNSLRAEDTAVYY

S8GGEEESGEEGESGEEESEVOLLESGEELY

ENRYYADSVKGRFTISED

LEEFVSATNWN

5 LJVI

-

GDAYWGOGTLVIVESAGEGE (SEQ

GRETISRDNSKENTLYLO

T QT T TN
ALESGGELVE

NNGGRNY

YWOEQGTLVTVESAGGGG (&

RN
Pk

~ 4

TN

n\-[ T . :\1“ DT

AVYYC

SGGEGELVOPGGSLRLISCAA

TAVY

oY

NO:

GSLRLISCAASGRAFSNY A

QPrGGESLE

NSENTLY

GSLRLSCAASGRITENY AMGWERQA
TAVY

GGSLRLSCAL

46

ASGRA

Y AME

SCAASGRA

Lial L

ASGRSE

TATTNT
iV LV

ATNW

NYAMBWERQAPGKGI

TOOREYGT

LGGEPYGDAYW

AVYYCARALSE

I EROAPGRKGLEFVIATNWNGENRY YA

CAAALSEFRLGGEEYGD GTLVTV

FSNY RGLEER

.

17

SEPRLGGEP

37 AN
NSLRAE

APGKGLEFVIATNWNGENRY YA

DAYWGOGTLVTV

NYAMESWERQE

LOMNSLRAEDTAVYYCAAATSEFRLG

VPGREREFVIASVWNN

RQAPGKEREE

(CVVARTPETPITSARGAN
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2x FO3vl-gsé

T R
sSLRLSCA

GRETSNYA

TN

ISWERS CVSASVWNNG

NY YA

DEVKGRETISRDNSKNTLYLOMNSLRAEDTAVY YCVVARTPETPITSARGANYWCOGTLVT

VEGSGEEEESEVOLLESGGELVOPGEGSLRLSCAAS

RS TONY A

SWERQAPGRGLEFVSASY
WNNGENYYADSVRGRETISRDONSKNTLY LOMNSLRAEDTAVYYCVYVVARTPETPITSARGAN

YWGOGTLVIVIEBAGGGG

2me0 3vi-gss

GLVQPGGSLRLICAASGRSISNY AMBWERQAFGKG FVSASVINNGGNY YA

DEVKGRETISRDNSKNTLYLOMNSLRAEDTAVY YCVVARTPETPITSARGANYWCOGTLVT

o T

~ ~ T alalakt
VI SGEESGEGEGE 'n\'C.\’ "

7
L maizia VY

SCAASGRSISNYAMSWEROAPGRGLEEVS

DSVEGREFTISEDNSENTLYLOMNSLRAERDTAVYYCVVARTPETPITEAR

- fes T PUPRPN
2GGE (SEQ ID NO: 1 Q& )

GOLRLECAASGRITISNY AMSWERQAFGKG

BEVSASVUWNNGGENY YA

DEVKGRFTISRDNSKNTLY LOMNSLRAEDTAVY YCVVARTPETP ITSARGANYWEQGTLVT

GGGSGESGEEESEVOLLESGGGLVOPGGSLRLEBCAASGRE LS

WIRQAPGKG

FVSASVWNNGGNYYADEV

RETISRDNSENTLYLOMNSLRAEDTAVYYCV

VARTPETPIT

SARGANYWGOQGT LVITVSSAGGEG ID NG 167}

2x FO3vl-gslh

EVOLLESGLGEVOPGGELRLSCAASGRS ISNY AMSWERQAPGKGLEEVSASY

DEVKGRETISRDNSKNTLY

@)
2
[
2
62}
e
N
=]
[’J

DPAVYYCVVARTPETPITSARGANYWGQGTLVT

+

VIGSGEEESEVQLLESGGELVOPGGSLRLSCAAS

CQAPGRGLEEFVSASY

WNNGENY YADSVEGRET ISRDNSKNT LY LOMNSLRAEDTAVY YCVVART PETPITSARGAN

YWGOQGTLVIVISSAGGEEG |

2x hzRlOvZ-gsé

VITEPGT

PVGWER

DEVKGRETISRDNSKNTL

TVEGSE

rar TN D
SCAASVST FPROAPGH

RWDGVGAYYADSVKGRE SENTLYLOMNSLRAEDTAVYYCALPRRGDSELPSTVEE

R TR
YGEYWGEOE
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I8

2x hzHlOvZ-g=lb

'!J

EVOLLESGGGLVOPGGSLRLECAAEVSTFGTEPVEGWERQAPGRKEREFVSATRWDGVGAY YA

F N ,/.

Y GYWEGGETLA

DOSVRGREPTISRINSKNTLY LS

TAVYYCR

LPRRGDSELPSTVEE

TVESGELEESGEEESEEEGEEEVOLLESGLGLVQPGGSLRLECAASVSTFCT SPVGWERCARG

KEREFVIATRW

o '\7r_',_1\;‘7{A

Ty

SVRGRETLISRENSKNTLY LOMNSLR:

ALPRRGD

SELPITVREYGYWGQGTLVITVISAGEEE (SEQ ID NO: 110)

2x hzl¥FSv3 gss

EVOLLESGGGEVOPGGSLRLECAASGLTFPNYG

TERQAPGKEREFVSATYWSGGTVEYA

ESVRGREPTISRINARKNTVY LS

TAVYYCAVT IRGARATC
TAVYY( ”)\\“.Z\fli(

TTWRYDYWGEOGETLVTVK

POGSGEIEVOLLESGGGEVOPGHSLRLSCAASGLT FPNYCGMGHWERQAFGKEREFVSATIYWE

GGIVEYARSVRGRETISRDNAKNTVY LOMSSLRARDTAVY YCAVTIRGAATQTWKY DY WGQ

CTLVTVKPGGGGEDKTHTCEPC (SEQ ID NO: 111

2x_hzl¥bvd g=g

ESGGGEVOPGGSLRLECAASGLTEPNYG

WERQAPGKEREFLAVIYWSGGTVEYA

I{A, o \frn\ 7 /

POV T DO T
(CANTIRGAAT

LVIVK

VT RYDYWGQGET

POGSGEIEVQLLESGLGEVOPR

GMGWERQAFGKEREFLAVIYWSE

GGTVEYARSVRKGRETISRDNAKS

\g,’—\_" ) /\r 1\,‘! K\Af i )\7 ./\ (-_}(\)

AT RAWMTTAY
LRARDTA

CTLVTVKPGGGEDKTHTCEPC (SEQ ID NO: 112

2x hzl¥FSvE gss

EVOLLESGGGEVOPGGSLRLECAASGLT FPNYGMGWERQAPGRKEREFVSATYWSGETVY YA

ESVRGREPTISRIONARKNTLY LS

VYYCAVIT IRGAATOTWRYDYWGEOGTLVIVK

EVOLLESGLGEVOPGGSLRLSCAASGLTEE

YGMGWERQAFPGKEREEVSATYWS

GGTVYYARSVKGRETISRDNAKE LRABDTAVYYCAVT

GAATQOTWKRY DYWGQ

kﬁ

CTLVITVKPGGGGEDKTHTCEPC (SEQ ID NO: 113)

[

¥ hzl¥FbBvé gmg

il

EVOLLESGGGEVOPGGSLRLECAASGLTFPNYG

SWERQAPGKEREFLAVIYWSGGTVY YA

ESVRGRETISRIDNAE YTAVYYCAVT IRGART(

RNTLY LS

TWRYDYWGQGTLVTVE

-

PGGSGESEVOLLESGOGGEVOPGGELRLSCAASGLT FPNYGMGWERQAPGKEREFLAVIYHSE

P
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GGTVYYAESVEKGRET ISRINAK]

VYYCAVT IRGARTQTWKY DYRGD

2x hzl¥BvT7 gsé

EVOQLLESGGGEVOPGGELRLSCAASGLTFPNYGMGWERQAPCGKEREFVSATYWEGGTVYYA

ESVRGRETISEDNAKNTVY LOMESLRARDTAVYYCAVTY

GARAT /\r 1\,‘! KYI

HGQGT LV

()

PGLEGESEVQLLESGGGEVORPGE!

GWERQAPGKEREPVSATYWS

GGTVYYAESVEKGRET ISRINAK] TAVYYCAV GARTQTWRYDYWGD

2x hzl¥Bv8 gsé

EVOLLESGGLGEVOPGGESLRLSCAASGLTPNYGMGWERQAPGKEREFLAVIYWEGGTVYYA

ESVRKGRETISRDNAKNTVY LOMSSLRAR YWGOGE

L\ =T

NVOQLLESGGGE GRKEREFLAVIYWS
(\ ;rﬂ'\vrr{yi‘.' )_Y“_N ;(‘)

CPEC

__\
n
=

>

-~

2x hzC08vZ gsé

EVOLLESGLGEVOPGGELRLSCAASGRTVONY AMGIWERQAPGKDREEVSALNWG

ESVRKEGREFTISREDN?

KNTLY LOMESLRAEDTAVY YCARAQSFRRGGARPYC

7
GGEGESEVOLLESGGGEVOPGLELRLSCAASGRTVENY AMGWERDA

KP b SATNW
GGIITYYAESVKGR CSRIE BDTAVYYCAARDSFRRGGAPYGDNYW

GOGTLVITVEPRPGGE

GDETHTC

g
)
@
N
jal
-
H
7
=
=
i,._l
’..)

2x hzC08vZ gs8

EVOLLESGGLGEVOPGGSLRLSCAASGRTVSN

Y AMGWERQAFGKDREFVSALNWGGDTTYYA

V'Y

R '“.\‘:‘

ESVRGRETISEDNAKNTLY LOMSSLRARDTAVY YCAAROSFRRGGARY

WD

GGGEVOPGGSLRL

PLGSGESGGEEVOLLE! CAASGRTVENY AMGWERCAP

LNRGGDTTYYAESVEGR ITAVYYCARAQSEFRRGG

NYWGOE

3x___hz FO3

o

EVQLLESGGGLVQE

LRLSCAASGRSISNYAMSWERQAFPGKGLEFVSASVWNNGGNYYA
DEVRGRETISEDNSKNTLY LOMNSLRARDTAVY YCVVARTPETF ITSARGANY

49




WO 2017/011837 PCT/US2016/042862

Sl

S5GE

JPEGSLRLSCAASGRSTSNYAMSWEFRQARPGK

b fl 3’\5’\)\.

VS A SV

DT

GGGESGEEEESEVOLLESGGGLVOPGGELRLSCAAS

\/-‘ PGRG

FVSASVINNGGNY YA

TISRDNSKN

RAEDTAVYYCVVARTPETPITSARGANYWGQGTLVIVESAGEGG (SED ID NO: 119

3x H10-DS

EVQLLESGGGEVQRG CAASVSTEGTSPVGWEROAPGREREFVCAIR VGAYYA
ESVEGRITCSRDNA AVYYCALPRRGDSELPETVEREYGY WGOGTLV

TVEPGGEGGESEVOLLESGGGEEVOPGGSLRLSCAASVETFGTEPVGWEFRQAPGKEREFVCAT

RWEGVGAYYAESVEGREFTCSRDNARNTL Y CALPRRGDSE]

PSTVK

YOYWGEOGTLVIV

GRERE

FYCATR

J

SELEFSTVKEYGYWGOGTLVTV

GTEPVGWERQAPGKEREFVSATRWEGY
TAVYYCALPRRGDIELPSTVREEYGYWGOGETLY
TVKEGGSGGEEVOLLESGEGEVO PGGSLRLECAASVSTFCGTSPVEGWEFROAPGREREFVEAT
WEGVGAYYARSVK LOMSBS Y CALPRR §H

YGEYWCOGTLVIVRPGGSGESEVOLLESGCGEVOPGGSLRLECAASVSTFCTSPVGWERQAY

GREREFVIAIRWEGVGAYYAESVRKGRETISRDNAKNTLYLOMISLRA

DSELPSTVKEYGYWGQGTLVIVERPGG

(SEQ ID NO: 121)

3x 1F2-DS

EVOLLESGLGEVOPGGELRLSCAASGSTESS

4
&
e

IGWERQAFPGKGREEVCATISREGDNIYYA

ESVRKGRETCSRDNAKNTLY LOMSSLRARDTAVY YCAVESQPTY SGEVYY PRYGMIVWGOGT

'73 ’J»

GREEVCE

GGEGGESEVOLLESGEGEVORFGGSLE

LSCAASGETEFSSLDMGWEROAPG

ATSRSGDONIYYAESVEGREFTCSRIDNARKN

AVYYCAVESQPTYSGGVYY

VWGOGT LVIVRRPG

\Q1r~cq|-.>(w-|r~ o

\T:D (O]

GWE

ROAPGKGREFVCAISRSGDNIYYAERSVKGRETCERDNAKNTLY LOMSSLEAEDTAVYYCAV

ESQPTYSGGVYY |

GMDVIWGEOET G

50



WO 2017/011837 PCT/US2016/042862

T R
sSLRLSCA

TESSLDMGWERC

APGEGREFVSATSREGDNIYYA

ESVKGRETISRDNAKNTLYLOMSSLRAEDTAVYYCAVEEQPTY 3GGVYY PRYGMDVWGQGT

LVIVEPGEESGGSEVE SWEROAPC

ESGGEGEVQEG SCAASGSTESSL

EFVS

=2

ATSREGDNIYYAESVEGREFTISRDNAKNTLYLOMSSELRAERDTAVYYCAVESQPTY SGGVYY

PRYTC

VIWGOGT LVIVKPGGSGGSE

JGWE

i Ji M l.
RLSCAAZSGISTESS

DLLESGGGEVQRGGES

ROAPGRGREEVSATSRSGDNIYYARSVKGRETI SRENARKNTLY LOMSSLRAEDTAVYYCAV

TVRPGGEG (SEQ ID NG: 1z,

CTYSGGVY Y PRYGMDVWGEQGET

REFVSATR

SCAASVETIGTSEVGWERQAPG

Y \IZ\KJK"I

DSVRGREKNERDNAKRTAY WY YCALPRRGD

SELPSTVEEYGYWGOGTQV

T QT I

AGGSLTLSTAASY FGTSPVGWERQAPG

G

TILF QY G T T e e O YT ONT T e T
TVSEGEEEEGCEEEIEEEEIOVOLVOSGEELVY

KEREEFVSATPWDGVCGAYYADSVRGREKNSKDNARKRTAY LOMNRLKPEDTAVYYCALPRRGD

‘”/\"!' .

QLVOESGGEGLVOAGESL

[VREY [VESGGEEESGEEE

ASVSTEPGTSPVGWERQARG

AYLOMN

TASZ66/11H6 hu tetramer

EVOLLESGGGLVOPCGSLRLSCAALG

SVRKGRETISRDNSKNTLY LOMNSLRE

Talalallalalalalale
GGLESGELESG

[\ .

>GSGEGEESEVOLLESGOGGLVOPEGSLRLSCAASG

TEDKINNMGWYROAPGHRORDLVAQITPGGITDY ADSVEGRETISRDN OMNSLRE

T S s P Pp——
VIVESGEGGESGEEEEISGEEEESGEGEESEEEESE

WY YONALR

GOHGSGEEEESEVOLLESGGELVOPGGSLRLSCAASGTEDREINNMGWY ROAPGRKORDLVAQIT

YADSVEKGRET DVYVNY WG

Il alw]

CGGESEEEESGEE

CGTLVTVS

GEEVOQLLESGGGLVOPGGES

LRLSTAASGTY

TDYADSVKGRETISRDNS

{INNMGWY RQAPGKQORDLVAD

Y LOMNS] ID NO:

FIX-TASZE6

t’:l

TOLLESGGGEVQPGGELRLSCAASGT FDEINNMGWYRQAPGKORDLVAQITRPGGITEYAD

SVEGRET ISR

ST YT

AN YL

AVYYCUNAEIL
51
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GGGEVQPGGILRLSCAASG

o T YT T e Y T e S e T
GGGGESGEEEEEGEEEEGHEESEGEEESEEEESGGEEESEV).

TEDRINNMGRY YLOMNSLRP

RQAPGRORDLVAQITPGGITDY ADSVRKGRET ISRIONSKN

e

EDTAVYYCNAEILKRAY IDVYVNYWGOGTLVIVEPGGGESGEEESGEEESGLEEEGEEGEEG

GOEVOLLESG

PGGSLRLSCAASGT FDRKINNMGWY ROAPGRORDLVADQIT

e
PGGITDYADSVKGRFTISEDNSKNTLY LOMNSLRPEDTAVY YCNAETLKRAY IDVY VNY WG

OGTIVTITVEKPGEEEIGEEEESEEEESGEEESGEEGSGEGEEGEEESEVOLLESGHEGEVOPGES

LRLECAASGTFDRKINNMGWY ROAPGHORDLVAQITPGGITDYADSVEGRETISRDNSKNTL

MNSLRPEDTAVYYONAERTLKRAY IDVYVNYWGQGTLVIVERPGG (SEQ ID NO:

3881 The DRS-targeting proteins described herein are usetul i a vaniety of
therapeutic, diagnostic and prophylactic indications. For example, the DRS5argeting
proteins are useful i treating a variety of discases and disorders in a subject. In some
embodiments, the DRS-targeting proteing are usefinl 1n treating, alleviating a symptom of,
ameliorating and/or delayving the progression of a disease or disorder in a subject suffering
from or identified as bemng at risk for an inflammatory discase or disorder. In some
crobodiments. the DRS-targeting proteins are useful in treating, alleviating a symptom of]
arpechorating and/or delayving the progression of a cancer or other neoplastic condition. In
some embodiments, the cancer 1s bladder cancer, breast cancer, uterine/cervical cancer,
gvanan cancer, prostate cancer, testicelar cancer, esophageal cancer, gastrointestinal cancer,
pancreatic cancer, colorectal cancer, colon cancer, kidney cancer, head and neck cancer,
lung cancer, stomach cancer, germ cell cancer, bong cancer, liver cancer, thyroid cancer,
skin cancer, neoplasm of the central nervous system, lvmphoma, levkemia, myveloma,
sarcoma, mesothelioma, leskemia, lymphoma, mveloma, and vires-related cancer. In cortam
crabodiments, the cancer 1s a metastatic cancer, refractory cancer, or recurrent cancer. In
some embodiments, the DRS~targeting proteins are useful in reducing or depleting the
number of T regulatory cells in a turnor of a subjoct in need thereof. fo some embodiments,
the DR5-targeting proteins are useful in stianlating an tmmwng response i a subject. In
sore erubodiments, the DRS-targeting proteins are useful n treating, alleviating a svoptom
of, amehorating and/or delaying the progression of an astoimmune disease or disorder. In
some embodimenis, the DRS-targeting proteins are vseful in treating, alleviating a sviptom
of, amehorating and/or delaying the progression of viral, bacterial and parasitic infoctions.

j308Y] Therapeutic formulations of the disclosure, whuch include a DRS-argeting
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molecule of the disclosure, are used to treat or alloviate a syvmptom associated with a discase
or disorder associated with aberrant activity and/or expression of DRS in a subject. A
therapeutic regimen is carried out by wentifving a subject, . g., a human pationt suffering
from {or at nisk of developing) a disease or disorder associated with aberrant activity and/or
expression of DRS using standard methods, mchuding any of a vaniety of chnical and/or
laboratory procedures. The term patient includes human and veterinary sobjects. The ferm
subject includes humans and other mammals.

690} Efficaciousness of treatment 18 determined 1n association with any known
method for diagnosing or treating the particular discase or disorder associaied with aberrant
activity and/or expression of BRS. Alleviation of one or more symptoms of the disease or
disorder associated with aberrant activity and/or expression of DRS ndicates that the DRS-
targeting molecule confers a chinical benefit.

6091} Therapeutic uses of the DRS-targeting molecules of the disclosure can also
nclude the administration of one or more additional agents.

092 In some embodiments, the DRS-argeting molecule 15 administered dunng
and/or after treatment in combination with ong or more additional agents. In some
embodiments, the DRS-targeting molecule and the additional agent are formulated into a
single therapeutic composition, and the DR3-targeting molecule and additional agent are
administered simultancously. Ahematively, the DRS-targeting molecule and additional
agent are separate from each other, ¢.g., each 15 formulated mto a separate therapeutic
composition, and the DRS-argeting molecule and the additional agent are administered
sinniltancously, or the DRS-targeting molecule and the additional agent are administered at
different times during a treatment regimen. For example, the DR3-targeting molecule is
adnunistered prior to the adminustration of the additional agent, the DRStargeting molecule
is administered subsequent to the adminstration of the additional agent, or the DRS-
targeting molecule and the additional agent are administered in an altemating fashion. As
described herein, the DRS~targeting molecule and additional agent are administered in
single doses or 1 multiple doscs.

j3093] n some crobodiments, the DRS-targeting molecule and the additional
agent(s} are admunistered simultaneously. For example, the DR5-argeting molecule and the
additional agent{s) can be formulated in a single composition or administered as two or

MOTe separate compositions. In some erebodiments, the DRS-targeting wolecule and the

()
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additional agent{(s) arc administered sequentially, or the DRS-targeting molecule and the
additional agent are administered at different times during a treatment regimen.

6094 Methods for the screening of DRS targeting molecules that possess the
desired spectficity include, but are not limited {o, enzvme linked mmmunosorbent assay
{ELISA}Y, enzymatic assays, flow cytometry, and other immunologically mediated
techniques known within the art.

30951 The disclosure further provides nucleic acid sequences and paricularly DNA
sequences that encode the present fusion protems. Preferably, the DNA sequence 15 carmed
by a vector suited for extrachromosomal replication such as a phage, virus, plasmid,
phagemid, cosmid, YAC, or episome. {n particular, a DNA vector that encodes a desired
fusion protein can be used to facilitate the methods of prepanng the DRS<argeting
molecules desertbed herein and o obtam sigmficant quantities of the fusion protein. The
DNA sequence can be inserted into an appropriate exprassion vector, 1.¢., a vector which
contains the vecessary clements for the transcription and translation of the inserted protem-
coding sequence. A varicty of host-vector systems may be utilized to express the protein-
coding sequence. These include mammabian coll systems mfected with virus {e.g., vacoinia
vitus, adenovinus, gic.); nsect cell systems wmfocted with virus {e g, baculovirus);
microorganisms such as yveast containing veast veciors, or bactena transformed with
bacteriophage DNA, plasmid DNA or cosmid DNA. Depending on the host-vector system
gtilized, any one of a number of suitable transcription and translation elements may be used.
30961 The disclosure also provides methods of producing a DRS-targeting
molecule by culturing a cell under conditions that lead to expression of the polypeptide,
wherein the ccll comprises an isolated nucleic actd molecuie encoding a BRS~targeting
molecule described heremn, and/or vectors that include these solated nucleic acid sequences.
The disclosure provides methods of producimg a DR S<arseting molecule by culturmg a cell
ander conditions that fead to expression of the DR S-targeting molecule, wherein the ccll
comprises an isolated nucleic acid molecule encoding a3 BR 3 -targeting molecule described
herein, and/or vectors that include these isolated nucleic acid sequences.

(33971 The fusion proteins of the disclosure {also referred to herom as “active
compounds”), and derivatives, fragments, analogs and homologs thereof, can be
incorporated ixto pharmaceutical compositions suitable for administration. Such
compositions typically comprise the fusion protein and a phammaceutically acceptable

carrier. As used herein, the term “phamaceutically acceptable carrier” 1s mtended o
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melude any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaving agents, and the ke, compatible with pharmaceutical
adnunistration. Suitable carners are described in the most recent edition of Rendungton’s
Pharmaceutical Sciences, a standard reference text 1o the ficld, which is incorporated herein
by reference. Preferred examples of such carriers or diluents include, but are not hinnted to,
water, saline, nnger’s sohutions, dextrose solution, and 3% human serum atbumin,
Liposonies and non-agueous vehicles such as fixed otls may also be used. The use of such
media and agents for pharmaceutically active substances 1s well known in the art. Except
msofar as any conventional media or agent 15 incompatible with the active compound, use
thereof in the compositions is contempliated. Supplementary active compounds can also be
meorporated into the compositions.

[6098] A pharmaceutical composition of the disclosure is formudated to be
compatible with its intended route of admivistration. Exaraples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutancous, oral {e.g., inhalation),
transdermal (f.e., topical), ransmucosal, and rectal admunistration. Solutions or suspensions
used for parenteral, intradermal, or subcutaneous application can melude the following
components: a sterile diluent such as water for njoction, saline solution, fixed otls,
polvethviene glyveols, glyeenne, propylenc glyeol or other synthetic solvents; antibactenial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenedianunetetraacetic acid {EDTA); buffers
such as acctates, citrates or phosphates, and agents for the adjustment of toniciy such as
sodiam chionde or dextrose. The pH can be adjusted with acids or bases, such ags
hydrochloric acid or sodnim hydroxide. The parenteral preparation ¢an be enclosed in
ampoules, disposable svringes or multiple dose vials made of glass or plastic,

6699} Pharmaceutical compositions suitable for injectable use include sterile
aqueous solutions {where water soluble) or dispersions and stenie powders for the
exierporancous preparation of sterile ingectable solutions or dispersion. For intravenous
adminustration, suttable carriers include physiological saline, bacteriostatic water,
Cremophor EL” (BASF, Parsippany, N1} or phosphate buffered saline (PBS). In all cases,
the composition must be sterile and should be fluid to the extent that casy syrimgeability
exists. ft must be stable under the conditions of manuefacture and storage and must be
preserved against the contaminating action of microorganisms such as bacteria and fungs.

The carrier can be a solvent or dispersion medium comtaming, for example, water, cthanol,
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polyol (for example, glycerol, propylene glveol, and hguid polvethviene glveol, and the
fike}, and surtable mixtores thereof. The proper fluidity can be maiotained, for example, by
the use of a coating such as lecithing by the maintenance of the required particle size m the
case of dispersion and by the use of surfactants. Provention of the action of microorganisms
can be achieved by various antibactenial and antifungal agents, for example, parabens,
chlorchutanol, phenol, ascorbic acid, thimerosal, and the bke. In many cases, it will be
preferable to mclude 1sotonic agents, for example, sugars, polyvaicobols such as manitol,
sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable
compositions can be brought about by mchiding m the composition an agent which delays
absorption, for example, alonunum monostcaraie and gelatin,

[60186] Sterile jectable solutions can be prepared by meorporating the active
compound 10 the required amount in an appropriate solvent with one or a combination of
ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by moeorporating the active compound 1oto a sterde vehicle that
comtams a basic dispersion medinm and the required other ingredients from those
enumerated above. 1o the case of sterile powders for the preparation of stenile injectable
solutions, methods of preparation are vacuum drving and freeze-dryving that viclds a powder
of the active mgredient plus any additional desired mgredient from a previously stenle-
filtered solution thereof.

{68161} {Oral composttions generally include an inert diluent or an edible carrier.
They can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic admimsiration, the active compound can be incorporated with excipients and
used in the form of tablets, troches, or capsules. Oral compositions ¢an also be prepared
using a fluid carrier tor use as a mouthwash, wheren the compound m the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adinvant matenals can be meluded as part of the composition. The
tablets, pilis, capsules, troches and the hike can contain any of the following mgredients, or
compounds of a simifar nature: a binder such as microcrystalline cellulose, gum tragacandh
or gelatin; an excipient such as starch or lactose, a disintegratmg agent such as algime acid,
Primogel, or com starch; a fubricant such as magnestum stearate or Sterotes; a ghidant such
as colloidal silicon dioxide; a sweetoning agent such as sucrose or saccharin; or a flavoring

agent such as peppermint, methyl salicvlate, or orange flavoring.
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30182} For admimistration by inhalation, the compounds are delivered in the form of
an aerosol spray from pressured container or dispenser which contains a suitable propeliant,
e.g., agas such as carbon dioxide, or a nebulizer,

(60183} Svstemic admrustration can also be by transmucosal or transdermal means.
For transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used 1o the formulation. Such penetrants are generally known in the art, and
mnclude, for example, for transmucosal administration, detorgents, bile salts, and fusidic acid
denvatives. Transmucosal administration can be accomplished through the use of nasal
sprays of suppositories. For transdermal adnunistration, the active compounds are
formulated do omtments, salves, gels, or creams as generally known 1o the art.

[66184] The compounds can also be prepared in the form of suppostionies {e.z., with
conventional suppository bases such as cocoa butter and other glyeendes) or retention
enemas for rectal dehivery.

[G01G5] fn one embodiment, the active compounds are prepared with carriers that
will protect the compound agaimst rapid climination from the body, such as a controlled
release formulation, including implants and microencapsulated delivery systems,
Biodegradable, biocompatible polvmers can be used, such as ethvlene vinyt acetate,
polvanhydrides, polyglyveolic acid, collagen, polyorthoesters, and polylactic acid. Methods
for preparation of such formulations will be apparent to those skilled 1n the art. The
materials can also be obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions can also be used as pharmaceutically
acceptable carners. These can be prepared according to methods known 1o those skilled in
the art, for example, as described in US. Patent No. 4,522 811,

60106] 1t is especially advantageous to formulate oral or parenteral compositions in
dosage unit form for case of admnistration and unmiformity of dosage. Dosage unit form as
used herein refers to physically diserete umits suwrted as umitary dosages for the subject to be
treated; each unit contaiming a predeternuned quantity of active compound caleulated to
produce the desired therapeutic offect 1o association with the required pharmaceutical
carrier. The specification for the dosage wt forms of the disclosure are dictated by and
dirgctly dependent on the umgue characteristics of the active compound and the particular
therapeutic effect to be achieved, and the limitations nherent in the art of compounding

such an active compound for the treatment of individuals,
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{30187 The pharmaceutical compositions can be mcluded i a kit, container, pack, or
dispenser together with nstructions for admimistration. These pharmaceutical compositions
can be included 1 diagnostic kits with tnstructions for use.

[66108] Unless otherwise defined, scientific and technical ferms used in connection
with the present disclosure shall have the meanings that are commonly understood by those
of ordinary skifl in the art. Further, unless otherwise required by confext, singolar torms
shall mehude pluralttics and plural terms shall include the siogular. Generally,
nomenclatures vtilized in connection with, and technigues of, coll and fissue culiure,
molecular biology, and protein and oligo- or polynuclectide chemistry and hybridization
described herein are those well-known and commonly used in the art. Standard techoigues
are used for recombinant DNA| oligonucleotide synthesis, and tissue culture and
transformation {e.g., clectroporation, lipofection}. Enzymatic reactions and purification
techniques are performed according to manofacturer's specifications or as conunonly
accomplished incthe art o7 as described herein. The foregoing technigues and procedures are
generally performed according to conventional methods well known in the art and as
described in various gencral and more specific referonces that are cited and discussed
throughout the present specification. See e.g., Samabrook ef of. Molecular Cloning: A
Laboratory Manual (24d od., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY. (1989}). The nomenclatires wtilized in connection with, and the laboratory procedures
and techoigues of, analyiical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described herein are those well-known and conmonly used 1n the
art. Standard techmques are used for chemical syntheses, chenucal analyses, pharmaceutical
preparation, forvmdation, and delivery, and treatment of patients. The term patient inchudes
human and vetennary subjects.

[GG109] Ag utihized m accordance with the present disclosure, the following terms,
anless otherwise indicated, shall be vnderstood to have the following meamngs:

[O8110] As ased herein, the terms “targeting fusion protein” and “anitbody™ can be
svoonyros. As used herein, the term “antibody” refors to tmmunoglobulin molecules and
mmunologically active portions of wwowmoglobulin (Ig) molecules, ie., molecules that
contain an antigen binding site that specifically binds (immuanoreacts with) an antigen. By

2 ¢

“specitically bind” or “immunoreacts with” “or directed against” is meaunt that the antibody
reacts with one or more antigenic determinants of the desired antigen and does not react

with other polypeptides or binds at much lower affinity (K > 10°%). Antibodies include, but
potypef 3

L
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are not hmited to, polyclonal, monoclonal, chimeric, dAb (domaim antibody}, single chain,
Fab, Fab and F{ab’}; fragments, F,, scFvs, an Fab expression library, and single domain
antibody {sdAb) fragmends, for example VaH. Viag, engineered Vg or Vi

{66111 The basic antibody structural unit 1s known to comprise a tetramer. Each
tetramer 1s composed of two dentical pairs of polypeptide chains, cach pair having one
“light™ (about 25 kDa) and one “heavy” chain {about 30-70 kDa}. The amino-terninal
portion of cach chain includes a vanable region of about 104 10 110 or morwe amino acids
primarntly responstble for antigen recogmtion. The carboxy-terminal portion of cach chain
defines a constant region primaridy responsibic for effector function. In general, antibody
molecules obtained from humans relate to any of the classes lgG, IgM, IgA, IgH and igh),
which differ from one another by the nature of the heavy chain present i the molecule.
Certain classes have subclasses {also known as sotypes) as well, such as Ig(sy, fg(5;, and
others. Furthermore, in bumans, the hght chain may be a kappa chain or a lambda chain.
08112 The term “monoclonal antibody” (mAb} or “monocional antibody
corposiiion”, as used herein, refers to a population of antibody molecules that contain only
one molecular species of antibody molecude consisting of a unigue Light chamm gene product
and a uniguc heavy chain gene product. in particular, the complementarty detcnuining
regions (CDRs) of the monoclonal antibody are identical in all the wolecules of the
population. MAbs contain an antigen binding site capable of immanoreacting with a
particular epitope of the antigen characterized by a unigue binding affinity for it

68113} The teon “antigeo-binding site” or “binding portion” refers to the part of the
mmunoglobulin molecule that participates in antigen binding. The antigen binding site is
formed by amino acid residues of the N-terminal variable (V™) regions of the heavy ("H™}
and bight (L") chains. Three highly divergent streiches within the V regions of the heavy
and light chains, referred to as “hypervarnable regions,” are imterposed between more
conserved flanking stretches known as “framework regions,” or “FRa”. Thus, the term “FR”
refers to aming acid sequences which are naturally found between, and adjacent to,
hypervanable regions in tnownoglobulins. In an antibody molecule, the three hvpervariable
regions of a light cham and the three hypervariable regions of a heavy chai are disposed
relative to cach other in three-dimensional space to form an antigen-binding surface. The
antigen-binding surface ts complementary to the three-dimensional surface of a bound
antigen, and the three hypervanable regions of cach of the heavy and hight chains are

<

referred to as “complementanty-determining regions,” or “CDRs.” The assignment of
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aming acids (o cach domain is in accordance with the definttions of Kabat Sequences of
Proteins of Immunological Interest (National Institutes of Health, Bethesda, Md. {1987 and
19911, or Chothia & Lesk J. Mol Biol, 196:901-917 (1987}, Chothia ef o/, Nature 342:878-
883 {1989}

60114} The single domain antibody (sdAb) fragments portions of the fusion proteins
of the present disclosure are referred to inderchangeably herein as targeting polypeptides
hereun.

88115 As used hergin, the term “epitope” includes any protem determinant capable
of specific binding to/by an immunoglobulin or fragment thereof, or a T-cell receptor. The
term “epitope” ncludes any protein detorovnant capable of specific binding to/by an
mmunoglobulin or T-cell receptor. Epiiopic determinants usually consist of chemically
active surface groupings of molecules such as aming acids or sugar side chang and usually
have specific three dimensional structural characteristics, as well as specific charge
characteristics. An andibody is said o specifically bind an antigen when the dissociation
constant 1s <1 puM; e.g, < 100 nb, preferably < 10 oM and more preferably < 1 nM.
[60116] As used herem, the terms “immumological binding” and “immunological
binding properties” and “specific binding” refer to the non-covalent interactions of the type
which occur between an immunoglobulin molecule and an antigen for which the
mmunoglobulin s specific. The strength, or affinity of wmmuwological binding miteractions
can be expressed in terms of the dissociation constant (Kg) of the mteraction, wherein a
smaller Ky represents a greater athnity. Immunological binding propertics of selected
polvpeptides can be quantified using methods well known in the art. One such method
cutails measuring the rates of antigen-binding site/antigen complex formation and
dissociation, wherein those rates depend on the concentrations of the complex partners, the
affinity of the interaction, and geometric parameters that equally influence the rate in both
duections. Thus, both the “on rate constant” (ko) and the “off rate constant” (k) can be
determined by calenlation of the concentrations and the actual rates of association and
dissociation. {See Nature 361 186-87 (1993)). The ratio of kg ko onables the cancellation
of all paramcters not related to affintty, and 13 equal to the dissociation constant Ky, {See,
generadly, Davies et al. (1990} Annual Rov Biochem 59:439-473). An antibody of the

present disclosure is sard to specifically bind to an antigen, when the equulibrium binding

preferably < 106 pM to about 1 pM, as measured by assavs such as radioligand binding
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assays, surface plasmon resonance (§PR}, flow cvtometry binding assay, or similar assays
knowa to those skilled in the art

1663117 Preferably, residue positions which are not wdentical differ bv conservative
amino acid substitutions.

[B6118] Conservative amine acd substitutions refer (o the interchangeability of
residacs having sinlar side chams. For example, a group of aming acids having aliphatic
side chaiog 1s glycine, alaning, valine, leucine, and iscleucineg; a group of amino acids
having aliphatic-hydroxvl side chains is serine and threoning; a group of amino acids having
anude- containing side chains is asparagine and glutamine; a group of amino acids having
aromatic side chains is phenylalanine, tyrosine, and trvptophan; a group of anuno acids
having basic side chams is lysme, arginine, and histiding; and a group of amino acids having
sulfur- contaiming side chains is cysteine and methiomme. Preferred conservative amino
acids substitution groups are: valing-leucine-1soleucine, phenylalanine-tyrosine, lyvsine-
argiming, alaning valine, giutanuc- aspartic, and asparagine-glutamune.

08119 As discussed herein, munor variations i the amino acid sequences of
antibodies or immuonogiobulin molecules are contemplated as being encompassed by the
present disclosure, providing that the vanations in the amino acid sequence maimtain at least
75%, more preferably at least 80%, 90%, 95%, and most preterably 59%. In particular,
conservative aming acid replacements are contemplated. Conservative replacements are
those that take place within a family of amino acids that are related in their side chains.
Genetically encoded anuno acids are generally divided udo famibies: {1} acidic amino acids
are aspartate, glutamate; (2} basic amine acids are lysine, arginine, histdine; (33 non-polar
amino acids are alaning, valing, leucing, isoleucine, proline, phenvialanine, methionime,
trvptophan, and {4} uncharged polar amuno acids are ghvcine, asparagine, glutamine,
cvsteme, serne, threonne, tyrosine. The hydrophilic amino acids melude arginine,
asparagine, aspartate, glutaming, ghitamate, histiding, lysine, sering, and threonine, The
hydrophobic amine acids mmclude alanine, cysteine, isoleucine, foucine, methionine,
phenylalanine, proline, tryptophan, tyrosine and valing. Other fanulics of anmino acids
mclude () senne and threonine, which are the aliphatic-hvdroxy fanuly; (11} asparagine and
glutaming, which are the amide containing family; (it} alanine, valine, leucime and
isoleucine, which are the aliphatic family, and (iv} phenvialanine, tryptophan, and tyrosine,
which are the aromatic family. For example, it 1s reasonable to expect that an isolated

replacement of a leucine with an isoleucine or valine, an aspartate with a glotamate, a
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threonine with a serine, or a similar replacement of an amino acid with a structurally related
amino acid will not have a major effect on the binding or properties of the resulting
molecule, especially if the replacement docs not volve an aguno acid within a framework
site. Whether an annno acid change resulis in a functional peptide can readily be determined
by assayving the specific activity of the polvpeptide denvative. Assays are described 1 detail
herein. Fragments or analogs of antibodies or mmunoglobulin molecules can be readily
prepared by those of ordinary skifl 1o the art. Preforred aming- and carboxy-terauni of
fragments or analogs oocur near boundaries of functional domains. Structural and functional
domains can be identified by comparison of the nucleotide and/or amino acid sequence data
to public or proprictary sequence databases. Preferably, computerized comparnson methods
are used to identify sequence moufs or predicted protemn conformation domains that occur
in other proteins of known structure and/or function. Methods to identify protein sequences
that fold into a known three-dimensional structure are known. Bowice ef of. Science 253:164
{1991). Thus, the foregoing examples demonstrate that those of skill 1 the art can recognize
sequence motifs and stroctural conformations that may be used to define structural and
functional domains in accordance with the disclosure.

6128 Preferred anvno acid substitutions are those which: (1) reduce suscoptibility
1o proteolysis, {2} reduce susceptibility to oxidation, (3) alter binding affinity for foroung
protein complexes, {4) alter binding affinitics, and (4} confer or modify other
physicochemical or functional propertics of such analogs. Analogs can inchide varous
nteins of a sequence other than the naturaliyv-ccourring peptide sequence. For example,
single or maltiple amino acid sabstitutions {preferably conservative amino acid
substitutions) may be made in the naturally- sccuwrring sequence {preferably in the portion of
the polypeptide outside the domain{s} foravng mtermolecular contacis. A conservative
amino acid substitution should not substantially change the structural characteristics of the
parent sequence {€.2., a replacement amine acid should not tend to break a helix that cocurs
in the parent sequence, or disrupt other types of secondary structure that characterizes the
parent sequence). Examples of art-recognized polypeptide secondary and tertiary structures
are described in Proteins, Structores and Molecular Principles (Creighton, Ed., W. H.
Freeman and Company, New York {1984})): Introduction to Protein Structure (. Branden
and §. Tooze, eds., Garland Publishing, New York, NY. {1591})}; and Thomton et al. Nature
354:10S8 (1991,
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08121 The term “polypeptide fragment” as used herein refers to a polypeptide that
has an amino termisal and/or carboxy-terminal deletion, but where the remaining amino
acid sequence is wentical to the cortresponding positions it the naturaliy-occurring sequence
deduced, for example, from a full length ¢cDNA sequence. Fragments typically are at least 5,
6, 8 or 10 ammo acids long, preferably at feast 14 amimno acids long™ more preferably at least
20 amino acids long, useally at least 50 amino acids long, and even more preferably at least
70 aming acids long. The term “analog™ as used herein refors to polypeptides which are
comprised of a segment of at least 25 amino acids that has substantial identity to a portion
of a deduced amino acid sequence and which has specific binding to BRS, under surtable
binding conditions. Typically, polypeptide analogs comprise a conservative amino acid
substitution {or addition or delenon) with respect to the nanrally-~ occurring seguence.
Analogs typically are at least 20 amino acids long, preferably at least 530 amino acids long or
longer, and can often be as long as a full-length naturally-occurring polypeptide.

08122 Peptide analogs are commonly used in the pharmaceutical industry as non-
peptide drugs with properties analogous to those of the template peptide. These types of
non-peptide compound are termed “peptide mimetics” or “peptidomimetics”. Faochere, 1.
Adv. Drug Res. 15:29 (1986}, Veber and Frowhinger TINS p 392 (1985} and Evans et al. J.
Med. Chem. 30:1229 (1987). Such compounds are oftfen developed with the mid of
computenzed molecular modeling. Peptide mimetics that are structurally similar to
therapeutically useful peptides may be used to produce an equivalent therapeutic or
prophyiactic offect. Generally, peptidorunetics are structurally suntlar to a paradigm
polypeptide (P.e., a polypeptide that has a biochemical property or pharmacological
activity}, such as human antibody, but have one or more peptide linkages optionally
replaced by a linkage selected from the group consisting of: -~ CHNH--, —-{H,8-, --CH;-
CHy--, - CH=CH--{c1s and trans), —~COCH;--, CHOH)CH; -, and -CH;50--, by methods
well known n the art. Systematic sabstitution of one or more amino acids of a consensus
sequence with a D-amino acid of the same type (e g, D-lysine in place of L-lysine) may be
used to generate more stable peptides. In addition, constratned peptides comprising a
CONSCNSUS sequence or a substantially identical consensus sequence variation may be
generated by methods known i the art (Rizo and Gierasch Ann. Rev. Biochem, 61:387
(1992} for example, by adding infernal cvsteine residucs capabie of forming

miramolecular disuifide bridges which cyclize the pepude.
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08123 The term “agent” 18 used herein to denote a chenncal compound, a mixfure
of chemical compounds, a biological macromolecule, and/or an extract made from
biclogical materials.

166124] As used herem, the terms “label” or “labeled” refers to mcorporation of a
detectable marker, e g, by incorporation of a radiclabeled aminoe acid or attachment tc a
pofypeptide of biotinyl moigties that can be detected by marked avidin {e.g., streptavidin
comdaining a fluorescent marker or enzvmatic activity that can be detected by optical or
calorimetric methods). In certain situations, the label or marker can also be therapeuntic.
Vartous methods of labeling polyvpeptides and glycoproteins are known mn the art and may
be used. Examples of labels for polypeptides mnciude, but are not limited to, the followmng:

a4,

radioisotopes or radionuchdes {e.z, M, NS, Y, T, e, L T, fluorescent
labels (e.g., FITC, shodamine, lanthanide phosphors), enzymatic labels {e. ¢, horseradish
peroxidase, Prealactosidase, luciferase, alkaline phosphatase), chemiluminescent, hiotinyl
groups, predeternined polvpeptide epitopes recognized by a secondary reporter {e.g..
leucine zipper pair sequences, binding sites for secondary antibodies, metal binding
domains, epitope tags). In some embodiments, labels are attached by spacer arms of various
lengths fo reduce potential steric hindrance. The term “phammaceutical agent or drug” as
used herem refers to a chemical compound or composition capable of inducing a desired
therapeutic sffoct when properly admunistered to a patient.

[08125] As ased herein, the terms “treat,” treating,” “treatment,” and the like refer to
reducing and/or ameliorating a disorder and/or svmptoms associated therewith, By
“alleviate” and/or “alleviating™ s meant decrease, suppress, attenuate, dimimsh, arrest,
and/or stabilize the developruent or progression of a disease such as, for example. a cancer.
It will be appreciated that, although ot precluded, treating a disorder or condition does not
require that the disorder, condition or sympioms associated therewith be compleiely
climinated.

[08126] in this disclosure, “comprises,” “comprising,” “containing,” “having,” and
the like can have the meaning ascribed to then in U S, Patent law and can mean “includes,”
“including,” and the hke; the torms “consisting essentially of” or “consists essentially”
likewise have the meaning aseribed i U8, Patent law and these terms are open-ended,
aliowing for the presence of more than that which is recited so long as basie or novel
characteristics of that which 18 recited are not changed by the presence of more than that

which is recited, but excludes prior art embodiments.
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881274 By “effective amount”™ s meant the amount required to ameliorate the
symptoms of a disease relative to an untreated patient. The effective amount of active
compound{(s} used o practice the present disclosure for therapeutic treatment of a discase
varics depending upon the manner of adnimistration, the age, body weight, and general
health of the subject. Ultimately, the attending physician or vetennarian will decide the
appropriate amount and dosage regimen. Such amount s referred to as an “effective”
arpount.

68128 By “subject” 1s meant a mammal, mmcluding, but not houted to, a human or
non-human mamunal, such as a bovine, equuine, canine, rodent, ovine, primate, camelid, or
feline.

[66129] The term “administening,” as used herein, refers to any mode of transferrng,
delivering, introducing, or iransporting a therapeutic agent to a sabject in need of treatment
with such an agent. Such modes include, but are not limited to, oral, topical, intravenous,
itraperitoneal, tramuscular, otradermal, intranasal, and subcutaneous administration.
8134 By “fragment” is meant a portion of a polypeptide or nucleic acid molecule,
This portion contains, preferably, at least 10%, 209, 30%, 40%, 50%, 60%, 70%, 80%, or
9% of the entire length of the reference nucleic acid molecule or polvpeptide. A fragment
voay contain 10, 20, 30, 40, 50, 60, 70, 80, 90, or 100, 200, 304, 400, 500, 600, 700, 800,
900, or 1000 nucleotides or ammo acids.

60131} Ranges provided herein are understood o be shorthand for all of the values
within the range. For example, a range of | to 50 15 understood to mnchude any number,
combination of numbers, or sub-range from the group consisting of 1,2, 3,4, 5,6, 7,8, 9,
16, 11,12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22,23, 24,25 26,27, 28 29,30, 31, 32, 33,
34,35, 36, 37,38, 39, 40, 41,42, 43, 44, 45, 45, 47, 48,49 or 50,

160132} Uniess specifically stated or obvious from context, as used herein, the terms
“a,” “an,” and “the” are understood to be singular or plural. Unless specifically stated or
obvious from comtext. as used herein, the term “or” is understood to be inclusive.

[GB133] Undess specifically stated or obvious from context, as used herein, the torm
“about” 1s understood as within a range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as within 10%, 99, 8%, 7%, 6%,
596, 4%, 3%, 2%, 1%, 0.5%., 0.1%, 0.05%, or 0.01% of the stated vahie. Usnless otherwise
clear from the context, all numerical values provided herein are modified by the term

“about.”



WO 2017/011837 PCT/US2016/042862

38134 The mvention will be further described n the following examples, which do

not it the scope of the disclosure described in the claims.

EXAMPLES
Example 1: Binding Assays
[60135] Binding of DR3-targeting fusion proteins was assessed by flow cviometry,

asing a CHO ccll hine stably transfected with ¢cDNA encoding full length DRS or cancer cell
lines that endogenously express DRS. A titration series of the fusion protem was incubated
with the DR3-expressing coll lines {approx. 2.5-5x10" cells/weoll) for 30 minutes at 4°C in
FACS Buffer (PBS 1% BSA, 0.1% NaN; pH 7.4} 10 96 well plates. Following 3 wash steps
in FACS butfer, an APC-conpugated anti-human Fey specific secondary antibody (Jackson
ImmunoResearch) was added and incubated for 30 minutes at 4°C. Following three
additional wash steps in FACS buffer bound antibody was detected via flow cyvtometry
{IQue ntelhicyte). Binding of fusion protems to cynomologus monkey PR3 {(cynoDRS) was
determined by ELISA wherein a recombinant profein corresponding to the extracelludar
domain {HCD) of cynoDIRS fused to a murine Fe region (mbe) was immobilized on
Medisorp 96 well plates (Nune). Following sufficient blocking and washing steps, bound
fusion proteins were detected asing an HRP-conjugated anti-human Foy specific secondary

antibody {Jackson ImmunoResearch) and TMB reagent and absorbance read at Assonm.
Example 2: Apoptosis assays

[066136] Auntibody-mediated direct kilhing of cells was determined by measuring the
amount of ATP present following a 16-48 b treatment period using Cell Tuer-Glo®
{Promega G7572). Cancer cells were seeded at 1.5-3x10% cellsfwelt at 7x10 celisfmell in
86-well flat-bottom tissue culture treated plates. An alternative method for measuring cell
death is to fluorescently stain cells using locuCyte™ Caspase-3/7 Reagent for Apoptosis
{Essen BioScience 4440) during antibody troatment and guantfy fluorescent cells using an
IncuCvie® ZO0M Svstern some embodiments, the fusion protem contaims a polvpeptide.
Cell lines used nclude Colo-205 (ATCC® CCL-222) Pane-1 {ATCC® CRL-1469TM))
HCT-116 (ATCC® CCL-24714 JE-1 (DSMZ ACC 596), NUI-H28 (ATCC® (RL-
5820y NCI-H460 (ATCCR HTB-177™7), HT-29 (ATCC® HTB-38™), MSTG-211H

{ATCC® CRL-2081™ In some experiments, an anti-human Ig(s Foy-specific secondary
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{Jackson ImmunoRescarch) antibody was used to crosshnk and further cluster the DRS
targeting fusion proteins of the present disclosure. fn other experiments 6uM doxyeyeline

wag used to sensitize cells to DRS-mediated apoptosis.
Example 3: Pre-existing avtoantibodies recognizing sdAbs

[66137] Pre-casting human anti-VH (HAVH) in human plasma or IVIG (purified
e from pooled human plasma, frade name Gamuoex®-C) were measured by ELISA. Test
articles {TAS266, fusion proteins or therapeutic antibodies} were coated on an ELISA plate
in PBY, the plate was blocked by 3% BSA 1n PBS, then human plasma or IVIG {as a source
of natorally occurring HAVH) was diluted in PBS + 0 1% polysorbate-20 {(PBST) and
altowed to bind to the plate. Afier washing the plate with PBST, bound plasma antibodies
(HAVH) wers detected by anti-hight chamn secondary antibodies {anti-human IgKappa or
anti-Iglambda} conjugated to HRP, and developed with TMB substrate. This strategy of
detecting HAVH by anti-light chaie secondary antibody is compatible with test articles
lacking Light chains, which mcludes TAS266 as well as the described multivalent sdAbs,
and facibitates detection of HAVH of any sotype. Control therapeutic antibodies with kappa
or lambda light chains were coated and used as 100% binding reference data points to

normalize the data to, and served as control IgG for the opposite secondary antibody.
Example 4: Hepatotoxicity assays

[G0138] Primary buman hepatocytes or HepRG™ (Thermo Fisher Scientific) the
terounally differentiated hepatic cells derived from a hepatic progenitor cell hne were used
o assess DBRS agonist mediated apoptosis of hepatocyies. All assavs were conducted in a
similar manner {o the apoptosis assayvs using cancer cell Hines (Example 2. Pooled human
oG from multiple donors, IVIG (Gamunex®-C, Grifols}, was used as source of natural
sdAb-directed antoantibodies, also termed humman anti-VH (HAVH) avtoantibodies. In some
expenments, IVIG was titrated or used at a fixed concentration. In some assays, FIX-
TASZ66, which is a modified version of TAS266 that s engineered to avoid recognition by
HAVH autoantibodies, was included. FIX-2TAS66 includes modifications a Leull and the

C-termunal region of cach of the four DR3 sdAbs of TAS266.
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What is claimed is:

1. An isolated polypeptide that binds at least death receptor 5 (DR5) and comprises a
plurality of DRS binding domains (DR5BDs), wherein each DR5BD is a VHII, wherein each
VHH comprises an amino acid sequence selected from the group consisting of SEQ ID NOs:

87,89, and 17-20.

2. The isolated polypeptide of claim 1, wherein the isolated polypeptide is monospecific.

3. The isolated polypeptide of claim 1, wherein the isolated polypeptide is multispecific
or bispecific; or wherein the polypeptide comprises at least a second binding domain (BD2)

that binds a second antigen.

4, The isolated polypeptide of any one of claims 1 to 3, wherein the plurality of
DR5BDs comprises at least two-DR5BDs, at least four DR5BDs, or at least six DR5BDs.

3. The isolated polypeptide of any one of claims 1 to 4, wherein each of the DR5BDs in
the plurality of DR5BDs comprises the same amino acid sequence selected from the group

consisting of SEQ ID NOs: 87, 89, and 17-20.

6. The isolated polypeptide of any one of claims 1 to 5, wherein each of the DR5BDs in
the plurality of DR5BDs comprises the amino acid sequence of SEQ ID NO: 87.

7. The isolated polypeptide of any one of claims 1 to 6, wherein the isolated polypeptide

comprises an immunoglobulin Fe region polypeptide.

8. The isolated polypeptide of claim 7, wherein the immunoglobulin Fc region
polypeptide is an [gG1 Fc region polypeptide, an IgG2 Fe region polypeptide, an IgG3 Fc
region polypeptide, or an IgGG4 Fe¢ region polypeptide.

9. The isolated polypeptide of claim 7, wherein the immunoglobulin Fe region
polypeptide comprises an amino acid sequence selected from the group consisting of SEQ ID

NOs: 1-5 or 127.
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10. The isolated polypeptide of claim 7, wherein the immunoglobulin Fc region

polypeptide comprises the amino acid sequence of SEQ ID NO: 2.

11.  The isolated polypeptide of any one of claims 1 to 10, wherein the VHH is a
humanized VHH.

12. The isolated polypeptide of any one of claims 1, 2, or 4 to 11, wherein the polypeptide
is tetravalent and comprises the structure: DRSBD-Linker-DRSBD-Linker-Hinge-Fc, wherein
each DR5SBD is a humanized VHH sequence.

13.  The isolated polypeptide of any one of claims 1 to 12, wherein the polypeptide

comprises two or more copies of the amino acid sequence of SEQ ID NO: 87.

14.  The isolated polypeptide of any one of claims 1 to 12, wherein the polypeptide
comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 113

and 115.

15.  The isolated polypeptide of any one of claims 1 to 12, wherein the polypeptide
comprises the amino acid sequence of SEQ 1D NO: 113.

16.  The isolated polypeptide of any one of claims 1, 2, or 4 to 11, wherein the polypeptide
is hexavalent and comprises the structure: DRSBD-Linker-DR5BD-Linker-DRSBD-Linker-
Hinge-Fc¢, wherein each DR5BD is a humanized VHH sequence.

17.  The isolated polypeptide of any one of claims 1 to 11 or 16, wherein the polypeptide

comprises three or more copies of the amino acid sequence of SEQ ID NO: 87.

18.  Use of the polypeptide of any one of claims 1 to 17 in the manufacture of a

medicament for treating neoplasms.

19.  The use of claim 18, wherein the neoplasm is cancer.

20.  Use of the polypeptide of any one of claims 1 to 17 in the manufacture of a

medicament for modulating immune cells to enhance tumor destruction.
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21. A pharmaceutical composition comprising the polypeptide of any one of claims 1 to

17 and a pharmaceutically acceptable carrier.

22.  Anisolated nucleic acid that encodes the polypeptide of any one of claims 1 to 17.

23. A vector comprising the nucleic acid of claim 22.

24. A host cell comprising the nucleic acid of claim 22 or the vector of claim 23.

25. A host cell that expresses the polypeptide of any one of claims 1 to 17.

26.  The host cell of claim 24 or 25, which secretes the polypeptide of any one of claims 1
to 17.

27. A method of producing the polypeptide of any one of claims 1 to 17 comprising
incubating the host cell of any one of claims 24 to 26 under conditions suitable for expression

of the polypeptide.

28.  The method of claim 27, further comprising isolating the polypeptide.
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