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DR5 RECEPTOR AGONIST COMBINATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application
No. 61/616,929, filed March 28, 2012.

FIELD OF THE INVENTION

[0002] The present invention relates to compositions and methods of inhibiting the
growth of cancer cells in a mammal by using a combination of therapeutic agents that
specifically bind to DRS receptors expressed by cancer cells and act cooperatively to induce

cell death in these cancer cells.

BACKGROUND OF THE INVENTION

[0003] TRAIL (TNF-Related Apoptosis Inducing Ligand), is a member of the TNF
(Tumor Necrosis Factor) family of cytokines. In common with several other members of the
TNF family, TRAIL is homotrimeric, exists as both surface-bound and soluble forms, and binds
to several receptors that are members of the TNF-receptor superfamily. Two of these
receptors, DR4 (Death Receptor 4) and DR5 (Death Receptor 5) are capable of generating an
apoptotic signal. Binding of TRAIL to DR4 or DR5 at the surface of a sensitive target cell
induces receptor clustering, a step that is critical for the formation of a productive a death-

inducing signaling complex, and subsequent apoptosis of the target cell.

[0004] Certain agonistic antibodies directed against DR4 or DR5 can also induce
death of target cells. However, highly purified preparations of these antibodies, that are
essentially free of aggregates, require additional cross-linking in order to induce optimal
receptor clustering and apoptosis. This cross-linking can be provided in vitro by multi-valent
agents that bind the Fc (factor crystallizable) region of antibodies, such as anti-igG antibodies
or protein G. See, e.g., Miller et al, J. Immunol., 170: 4854-4861 (2003). in preclinical animal
models, the activity of agonistic anti-DR4 or DR5 antibodies is highly dependent on their
interaction with receptors that bind the Fc region of igG, suggesting that cross-linking in vivo is

mediated by these Fcy receptors. Work by ourselves and others has shown that the critical
FcyRs for mediating anti-DR5 antibody crosslinking in humans are likely to be FcyRIl and

FeyYRIIIA that are expressed primarily on myeloid and natural killer (NK) cells populations
respectively. See, e.g., Wilson et al., Cancer Cell 19:101-113 (2011).
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[00035] The therapeutic potential of apoptosis induced by the TRAIL receptor system
has been investigated in human clinical trials with soluble recombinant human TRAIL or
agonist antibodies directed against either DR4 or DRS5. Although Phase 1 and 1b combination
studies provided encouraging preliminary results, findings from randomized Phase 2 studies
have failed to demonstrate an overall statistically significant clinical benefit from death receptor
agonist therapies. While the reason(s) for these results are not completely understood, one
possible explanation is that neither soluble TRAIL, nor anti-DRS antibodies, induced optimal

receptor clustering and therefore apoptotic signaling in patients.

[0006] In the case of anti-DR antibodies, the requirement for interaction with FcyR-

bearing cells may have limited their efficacy. For example, FcyR-bearing cells in the
microenvironment of a particular tumor may be low and/or reduced as a result of
chemotherapeutic toxicity. Additionally, polymorphic variation in the FCGRS3A receptor on NK
cells at the locus F158V (SNP ID: rs396991) can lead to significant differences in binding

affinity between an antibody’s Fc domain and NK cells and, as a corollary, result in significant
differences in the abillity of such antibodies to induce apoptosis via FcyRIIIA binding. This

variability Is particularly problematic as most human patients are not homozygous for the high-
affinity FCGR3A V158 allele.

[0007] Reports of synergy between an anti-DR5 antibody (AD5-10) and TRAIL in
iInducing apoptosis of tumor cells in vitro has been reported. Guo et al. (Journal of Biological
Chemistry, 280(51): 41940-41952 (2005)). However, subsequent investigation by El-Gazzar
et al. utilizing AD5-10 found that the function of natural killer (NK) cells is necessary for the
activation of DR5-mediated apoptosis. EI-Gazzar et al., Mol. Cancer Ther., 9(4): 1007-1018
(2010). In that study, in an NK-competent human ovarian cancer xenograft mouse model the

tumor was eradicated but in NK-depleted mice cytotoxic activity of AD5-10 was abolished.

[0008] Therefore, what is needed in the art are agonistic anti-DRS5 therapeutics that
can induce effective receptor clustering in the absence of a requirement for exogenous cross-
linking. Here agonistic combinations of TRAIL and anti-DR binding polypeptides or of pairs of
binding polypeptides are provided that synergistically interact to induce apoptosis via DR4
and/or DR5. Thus, the present invention provides potent agonists that are independent of the

requirement for interaction with immune cells.
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SUMMARY OF THE INVENTION

(0009] The present invention includes a composition for inducing DR5-mediated
apoptosis of a mammalian cancer cell expressing this receptor. This apoptotic composition
includes a first anti-DRS binding polypeptide that specifically binds to the extracellular domain
of a DRS receptor of the cancer cell. The composition also includes at least one of a second
anti-DR5 binding polypeptide that specifically binds to the extraceliular domain of the DR5
recepior. The first binding polypeptide and the second binding polypeptide do not
competitively inhibit each other from specifically binding to their cognate receptor(s). Specific
binding of the first binding polypeptide and the second binding polypeptide act to cooperatively
iInduce apoptosis of the mammalian cancer cell without requiring natural killer'(N K) cell
mediated cross-linking. Alternatively, or in addition, the apoptotic composition can comprise
the first binding polypeptide and a tumor necrosis factor related apoptosis inducing ligand
(TRAIL) or a TRAIL variant that specifically binds to the DR5 receptor. TRAIL or its variant
and the first binding polypeptide do not competitively inhibit each other from specifically
binding their cognate receptor. 'Speoific binding of these molecules cooperatively induces
apoptosis of the mammalian cancer cell without requiring natural killer (NK) mediation of the
apoptosis. In some embodiments the mammalian cancer cell is a human cancer cell. In some
embodiments, the first anti-DR5 binding polypeptide and/or the second anti-DR5 binding
polypeptide is an antibody, which can be a fully human antibody. In some embodiments, at
least one of the first or second anti-DR5 binding polypeptides do not specifically bind to
FCGR3A of NK cells. The apoptotic compositions of the invention can be administered in a
therapeutically effective amount to inhibit the growth of DR5 expressing cancer in a mammal
such as a human. The composition can be administered in combination with a therapeutically
effective amount of a chemotherapeutic agent.
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[0009A] The present invention as claimed relates to a composition for inducing
DR5-mediated apoptosis of a cancer cell in a mammal, said composition comprising:
a) a first anti-DR5 binding antibody that specifically binds to the extracellular domain
of a DRS5 receptor of said cancer cell; and b) at least one of: i. a 'second anti-DR5
binding antibody that specifically binds to said extracellular domain of said DR5
receptor, wherein said first antibody and said second antibody do not competitively
inhibit each other from specifically binding to said DR5 receptor, and wherein specific
binding of said first antibody and said second antibody cooperatively induce
apoptosis of said mammalian cancer cell without requiring natural killer (NK) cells of
said mammal; or, ii. a tumor necrosis factor related apoptosis inducing ligand
(TRAIL), wherein said TRAIL specifically binds to said DR5 receptor, and wherein
said first antibody and said TRAIL do not competitively inhibit each other from
specifically binding to said DR5 receptor, and wherein specific binding of said first
antibody and said TRAIL cooperatively induce apoptosis of said mammalian cancer

cell without requiring natural killer (NK) cells of said mammal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGURE 1 shows that an anti-DRS antibody (AMG 655) and a version
that is incapable of binding Fc receptors (N297A) can both cooperate with TRAIL to
induce apoptosis of tumor cells in the H460 tumor xenograft model. Neither the wild-

type or mutant AMG 655 show any single agent activity in this model.

[0011] FIGURE 2A shows that an anti-DR5 antibody (AMG 655) potentiates
TRAIL and LZ-TRAIL mediated killing of WM35 cells in the absence of exogenous

cross-linking. Figure 2B shows histograms of surface DR4 and DRS expression

levels on WM35 cells analyzed by flow cytometry.

- 33 -



CA 02867631 2014-09-16

WO 2013/148877 PCT/US2013/034163

[0012] FIGURE 3 shows that an anti-DRS antibody (AMG 655) cooperates with TRAIL

to induce apoptosis in multiple tumor cell lines.

[0013] FIGURE 4 shows that an anti-DRS antibody (AMG 655) cooperates with TRAIL
to induce apoptosis in lung tumor cell lines that are sensitive to the antibody but resistant to
TRAIL.

[0014] FIGURE 5 shows that in the H838 lung cancer cell line an anti-DRS antibody
(AMG 655) and TRAIL cooperate to induce increased cell killing at all doses over either agent
alone.

[0015] FIGURES 6A and 6C show that an anti-DR5 antibody (AMG 655) and TRAIL do

not cooperate to induce apoptosis in normal human monocytes or epithelial cells, respectively.

FIGURES 6B and 6D show histograms of DRS expression levels on the relevant cell type.

[0016] FIGURE 7 shows that only a subset of anti-DRS antibodies are capable of

cooperating with TRAIL to induce apoptosis.

[0017] FIGURE 8 shows a 2-dimensional matrix of anti-DRS antibodies, the bin of

selected antibodies, and that certain pairs of antibodies exhibit cooperativity.

[0018] FIGURE 9 shows the relative in vitro killing activity of anti-DRS antibody pairs or
anti-DR5 antibodies plus TRAIL in Colo205 and H460 cells.

[0019] FIGURE 10 shows cooperativity between two 1gG2 anti-DRS antibodies that do

not interact with Fc receptors in the Colo205 tumor xenograft model.
DETAILED DESCRIPTION

[0020] The present invention relates, in part, to compositions and methods for inducing
apoptosis of DRS and/or DR4 expressing mammalian cancer cells. The combinations of the
present invention can induce apoptosis without requiring specific binding to FCGR3A and thus
without requiring NK cell mediated induction of apoptosis. The present invention provides
combinations that can act to mediate apoptosis via both NK cell-dependent and NK cell-
iIndependent pathways. Thus, the present invention provides for a more effective anti-cancer

therapeutic than NK cell-dependent compositions which are otherwise susceptible to variations
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in the amount of NK cells in the tumor microenvironment as well as to differences in affinity of

IgG1 antibodies to polymorphic forms of FCGR3A.

[0021] The section headings are used herein for organizational purposes only, and are
not to be construed as in any way limiting the subject matter descfibed -

Unless specific definitions are provided, the nomenclature utilized in connection with,

and the laboratory procedures and techniques of biochemistry and molecular biology
described herein are those well known and commonly used in the art. Standard
techniques may be used for biochemical syntheses, biochemical analyses,
pharmaceutical preparation, formulation, and delivery, and treatment of patients. The
definitions provided extend to the defined terms and variations thereof.

[0022] The term "afucosylation” or “afucosylated” in the context of an Fc, such as an
Fc-polypeptide, refers to a substantial lack of a fucose moiety covalently attached, directly or
"indirectly, to residue 297 of the human IgG1 F¢ numbered according to the EU index (Kabat et
al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991)), or the corresponding residue in non-IgG1 or non-
human IgG1 immunoglobulins. Thus, in a composition comprising a plurality of afucosylated
Fc-polypeptides at least 70% of the Fc-polypeptides wil be not be fucosylated, directly or
indirectly (e.g., via intervening sugars) at residue 297 of the F¢, and in some embodiments at
least 80%, 85%, 90%, 95%, or 99% will not be fucosylated, directly or indirectly at residue 297
of the Fc. Those of skill will recognize that in the context of the present invention it may be
possible to create a biologically inactive fucosylation of an Fc that is biologically similar to
afucosylation in increasing affinity to FCGR3A. Such constructs are to be understood as

included within the scope of the defined term.

(0023] The term "apoptosis” refers generally to a specific programmed cell death
inducing mechanism initiated by an agonist of a DR4 and/or DRS receptor. While not bound
by theory, cell death induced by agonizm of these receptors is thought to proceed via
apoptosis. However, the defined term is not limited to that specific mechanism and may

proceed via other forms of programmed cell death.

[0024] The term "agonist” or “agonistic” or “agonize” in the context of a binding
polypeptide’s activity, refers to its function in mediating induction of apoptosis via the DR5
and/or DR4 receptor in an apoptosis sensitive mammalian cancer cell, such as a human

cancer cell, which expresses DR4 and/or DRS on the cell surface. An exemplary human

_5 -
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cancer cell sensitive to apoptosis is Colo205 (ATCC CCL-222). A DRS agonist will induce
apoptosis via DR5, a DR4 agonist will induce apoptosis via DR4, a dual DR5/DR4 agonist
(e.g., TRAIL ligand or a bispecific agonistic anti-DR4/DRS antibody) Is able to induce
apoptosis through both DR4 and DR5. Whether apoptotic induction is mediated via DR5
and/or DR4 can be determined using methods and reagents known in the art. Thus, for
example, apoptosis sensitive DR specific cell lines are known in the art. An exemplary
DR5(+)/DR4(-) cell line is WM35 (ATCC CRL-2807). An exemplary DR5(-)/DR4(+) cell line is
ST486 (ATCC CRL 1647).

[0025] The term "antibody” includes reference to isolated forms of both glycosylated
and non-glycosylated immunoglobulins of any isotype or subclass, including any combination
of: 1) human, humanized, and chimeric antibodies, 2) monospecific (e.g., DRS or DR4) or
multi-specific antibodies (e.g., DR4 and DRY5), and 3) monoclonal or polyclonal antibodies,
irrespective of whether such antibodies are produced, in whole or in part, via immunization,
through recombinant technology, by way of in vitro synthetic means, or otherwise. Thus, the
term "antibody” is inclusive of antibodies that are prepared, expressed, created or isolated by
recombinant means, such as (a) antibodies isolated from an animal (e.g., a mouse) that is
transgenic for human immunoglobulin genes, or a B-cell or hybridoma prepared therefrom, (b)
antibodies isolated from a host cell transfected to express the antibody (e.g., from a
transfectoma), (¢) antibodies isolated from a recombinant combinatorial antibody library, and
(d) antibodies prepared, expressed, created or isolated by any other means that involve
splicing of immunoglobulin gene sequences to other DNA sequences. Antibodies are also
inclusive of antibody fragments such as Fab, F(ab’),, scFv (single-chain Fv), and derivatives
such as diabodies. In some embodiments the antibodies of the present invention are
monoclonal antibodies, such as humanized or human monoclonal antibodies. Typically,
antibodies of the present invention will be IgG1 or IgG2 subclass antibodies. The antibody
may bind its target with a Kd of less than about 10 nM, 5 nM, 1 nM, or 500 pM.

[0026] The term “binding polypeptide” means a polypeptide that specifically binds to a
target, such as mammalian DR5 and/or DR4. A binding polypeptide that specifically binds to
DRS Is referred to as an "anti-DRS binding polypeptide” while a binding polypeptide that
specifically binds to DR4 is referred to as an "anti-DR4 binding polypeptide.” A binding
polypeptide that specifically binds to both DR5 and DR4 (such as a bispecific molecule) is
referred to as an "anti-DR4/anti-DRS5 binding polypeptide.” A binding polypeptide can be
derivitized to increase, for example, solubility or pharmacokinetic properties. Often the binding

polypeptide includes an Fc (fragment crystallizable) that can bind to FCGR3A, such as a

_6 -
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human IgG1 Fc. Exemplary binding polypeptides include antibodies, peptibodies, and Fc-
polypeptides.

[0027] The term “competitively inhibit” means a measurable inhibition (partial or
complete) of specific binding of one species of binding polypeptides to a particular target due
to specific binding of a second species of binding polypeptide to the target. A variety of
methods are known to quantify the extent of competition such as competition ELISA (enzyme

linked Immunosorbent assay) assays. See, Buxton et al., Infect Immun. 27(2):405-10 (1980).

[0028] The term “"cooperate”, "cooperative”, or “cooperatively” in the context of of
iInduction of cell death (e.g., apoptosis) by a combination of therapeutic agents (i.e., an
“apoptotic composition”), such as binding polypeptides, means that the activity of the
combination in inducing cell death is greater than the activity of any one agent. Thus,
cooperativity can be at least partially-additive, at least fully-additive, or greater than fully-
additive (I.e., synergistic) of the activity of each agent in the combination. Cooperativity can be

assessed in terms of efficacy, potency, or both.

[0029] The term “cross-linking” means the clustering of DR5 and/or DR4 receptors on
a cell which expresses one or both receptors. Without being bound by theory, it is believed
that clustering of the death receptors plays a role in induction of apoptosis. Cross-linking can
be achieved in vitro using exogenous cross-linking agents. Cross-linking can be achieved In
vVivo using endogenous (i.e., naturally occurring) cross-linkers such as FCGR3A NK cells or

macrophages.

[0030] The terms “derivation” or “derivatives” refer to modification of a binding
polypeptide (such as an antibody) and/or chemotherapeutic agent by covalently linking it,
directly or indirectly, so as to alter such characteristics as half-life, bioavailability,
Immunogenicity, solubility, toxicity, potency, or efficacy while retaining or enhancing its
therapeutic benefit. Derivatives can be made by glycosylation, pegylation, and lipidation, or by
protein conjugation. Exemplary derivitizing agents include a linear polymer (e.g., polyethylene
glycol (PEG), polylysine, dextran, etc.); a branched-chain polymer (See, for example, U.S.
Patent No. 4,289,872 to Denkenwalter ef al., issued September 15, 1981; U. S. Patent No.
5,229,490 to Tam, issued July 20, 1993; WO 93/21259 by Frechet et al., published 28 October
1993); a lipid or liposome; a cholesterol group (such as a steroid); a carbohydrate or

oligosaccharide.
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[0031] The terms “DR4” or “death receptor 4" or “TRAIL-R1" or “TR-1" refer to the 468
amino acid polypeptide set forth in SEQ ID NO: 2 of U.S. Patent No.. 6,342,363

as well as related native (i.e., wild-type) human polypeptides such as

allelic variants, splice variants, and mature forms of the polypeptide (i.e., lacking a leader
sequence). The terms “DR4” or “death receptor 4” or “TRAIL-R1” or “TR-1" in reference to a

non-human mammal(s) refers to the homologous receptor of that mammal.

[0032] The term “DR5” or TRAIL-R” or “Apo-2" or “TR-2" or “TRAIL Receptor-2” refer to
the 440 amino acid polypeptide set forth in SEQ ID NO: 2 of U.S. Patent No. 7,528,239 as well
as related native (i.e., wild-type) human polypeptides such as allelic variants or splice variants
such as, but not limited to, the 411 amino acid isoform set forth in SEQ ID NO: 1 in U.S. Patent
No. 6,342,369, and at SEQ ID NO: 2 of U.S. Patent No. 6,743,625,

including mature forms of the polypeptide (i.e., lacking a leader

sequence). The term “DR5" or TRAIL-R” or “Apo-2” or “TR-2" or “TRAIL Receptor-2” in

reference to a non-human mammal(s) refers to the homologous receptor of that mammal.

[0033] The terms “effective amount” or "therapeutically effective amount” refer to a
quantity and/or concentration of a binding polypeptide that when administered ex vivo (by
contact with a cancer cell from a patient) or in vivo (by administration into a patient) for
tfreatment of a DRS (and/or DR4) sensitive cancer either alone (i.e., as a monotherapy) or in
combination with a chemotherapeutic agent yields a statistically significant inhibition of cancer
progression. In some embodiments the patient is a human patient. As used herein, the terms
“treatment” or, “inhibit,” “inhibiting” or “inhibition” of cancer refers to at least one of: a
statistically significant decrease in the rate of tumor growth, a cessation of tumor growth, or a
reduction in the size, mass, metabolic activity, or volume of the tumor, as measured by
standard criteria such as, but not limited to, the Response Evaluation Criteria for Solid Tumors
(RECIST), or a statistically significant increase in progression free survival (PFS) or overall

survival (09).

[0034] The term “Fc¢” in the context of an “Fc-polypeptide” refers to the Fc (fragment
crystallizable) of an immunoglobulin that specifically binds to human FCGR3A or its homolog
In @ non-human mammal. An Fc can be a naturally-occurring ("native”) human 1gG1 Fc but
also includes truncated forms of [gG1 Fc ("truncated Fc”) that specificaily bind to FCGR3A (or
its homologs), or variants of naturally-occurring 1IgG1 Fc (“Fc¢ variants”) made by substitution,
deletion, or addition of amino acid residues wherein the variant Fc specifically binds to
FCGR3A. A truncated Fc can be at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% of

the full-length Fc. The number of substitutions, deletions, or additions of a truncated Fc or of

-8 -
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an Fcvariantcanbeupto 1, 2, 3,4,5,6, 7,8, 9, 10, 15, or 20. Specific binding of a truncated
Fc or Fc variant to FCGR3A is generally at least 80%, 85%, 90% or 95% of native Fc specific

binding as quantified by such methods as ELISA.

[0035] The terms “FCGR3A” or “CD163” “Fcy receptor {IA” or “FcyRIIIA” means the
human Fc¢ receptor of the same designation. A bi-allelic polymorphism of the human 1gG
receptor FcyRIIIA (CD16a) termed "F158V” can be distinguished by virtue of the presence of
the amino acid valine (V) or phenylalanine (F) at the locus identified at the National Center for
Biotechnology Information (NCBI) Single Nucleotide Polymorphism (SNP) database at cluster
report rs396991. These two aileleic forms are commonly referred to in the literature and
herein as “valine158” or “V158" for the polymorphism having the residue valine at the
rs396991 SNP locus of human FceyRIHA, and “phenylalanine158” or “F158” for the
polymorphism having the residue phenylalanine at the rs396991 SNP locus of human
FoyRIIIA. See also, Leppers-van de Straat et al., J. Immunological Methods, 242: 127-132

(2000) and Ravetch and Perussia, J. Exp. Med., 170:481-497 (1989).

[0036] The term “Fc-polypeptide” refers to the product of a covalent attachment
between an Fc¢ and at least one binding polypeptide that specifically binds to DRS5 (an anti-
DRS binding polypeptide) and/or DR4 (an anti-DR4 binding polypeptide). The fusion of Fc and
polypeptide may be via a direct covalent bond (e.g., via a peptide bond) or indirect covalent
bond (e.g., via artificial chemical linker). In some embodiments the Fc-polypeptide is an
agonistic Fc-polypeptide. Exemplary Fc-polypeptides include antibodies, peptibodies (WO
2000/24782), avimers (Nature Biotechnology 23, 1556-1561 (2005),

Fc-soluble receptor conjugates, Covx-bodies ((WO 2008/056346;

antibodies conjugated to targeting peptides, e.g., U.S. 7,521,425), or a

cytotoxin, or a therapeutic (e.g., an antibody drug conjugate (“ADC")), or an Fc-human TRAIL
ligand fusion. In some embodiments, the Fc-polypeptide is bivalent. In some embodiments,
the Fc-polypeptide is bivalent and bispecific. In some embodiments, the Fc-polypeptide is a
homodimer comprising two IgG1 Fc and in some embodiments the Fc-polypeptide is a
heterodimer comprising one IgG1 F¢ and one non-IgG1 Fc. In some embodiments the

homodimer and heterodimers are fully human antibodies.

[0037] The term “high-affinity” in the context of an Fc-polypeptide, means that the F¢ is
modified or constructed such that it specifically binds to human FCGR3A expressed by a
native cell (e.g., a human NK cell) that is homozygous for the F158 allele with at least the
same affinity as at least one of: an identical but afucosylated human Fc-polypeptide (e.g., an

antibody), or an identical human Fc-polypeptide comprising a modification to increase

.0.



CA 02867631 2014-09-16

WO 2013/148877 PCT/US2013/034163

FCGRS3A affinity at residue 332 (per EU index of Kabat; see, U.S. Patent No. 7,317,091 and/or
U.S. Patent No. 7,662,925) such as a isoleucine to glutamic acid substitution. Generally, a
high-affinity Fc-polypeptide specifically binds to human FCGR3A with at least the same affinity
as a native fucosylated Fc-polypeptide specifically binds to human FCGR3A expressed by a
native cell homozygous for the V158 allele. Means to measure binding affinity are known In
the art and include but are not limited to competition assays such as an AlphaLISA™ (Perkin
Elmer, Mass. USA) ELISA assay. See, Poulsen, J., et al. 2007. J. Biomol Screen. 12:240;
Cauchon, E., et al. 2009. Anal Biochem.

[0038] The term “host cell” refers to a cell that can be used to express a nucleic acid
encoding a binding polypeptide of the present invention. A host cell can be a prokaryote, for
example, E. coli, or it can be a eukaryote, for example, a single-celled eukaryote (e.g., a yeast
or other fungus), a plant cell (e.g., a tobacco or tomato plant cell), an animal cell (e.g., a
human cell, a monkey cell, a hamster cell, a rat cell, a mouse cell, or an insect cell) or a
hybridoma. Examples of host cells include Chinese hamster ovary (CHO) cells or their
derivatives such as Veggie CHO and related cell lines which grow in serum-free media (see
Rasmussen et al., Cytotechnology 28: 31, 1998) or CHO strain DX-B11, which is deficient in
DHFR (see Urlaub et al., Proc. Natl. Acad. Sci. USA 77:. 4216—-4220, 1980).

[0039] The term "human antibody” or “fully human antibody” refers to an antibody in
which both the constant regions and the framework consist of fully or substantially human
sequences such that the human antibody typically elicits substantially no immunogenic
reaction against itself when administered to a human and, preferably, elicits no detectable
Immunogenic response. Thus, the defined terms contemplate minor amino acid modifications
(often no more than 1, 2, 3, 4, or 5 amino acid substitutions, additions, or deletions) made
relative to a native human antibody sequence to allow, for example, for improved formulation,

stability, or manufacturability (e.g., removal of unpaired cysteine residues).

[0040] The term "humanized antibody” refers to an isolated antibody in which
substantially all of the constant region is derived from or corresponds to human
iImmunoglobulins, while all or part of one or more variable regions is derived from another

species, for example a mouse.

[0041] The term “isolated” refers to a compound that: (1) is substantially purified (e.g.,
at least 60%, 70%, 80%, or 90%) away from cellular components with which it is admixed in its
expressed state such that it is the predominant species present, (2) is conjugated to a

polypeptide or polynucleotide or other moiety to which it is not linked in nature, (3) does not
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occur in nature as part of a larger polypeptide or polynucleotide sequence, (4) is combined
with other chemical or biological agents having different specificities in a well-defined

composition, or (5) comprises a human engineered sequence not otherwise found in nature.

[004 2] The term “low-affinity” in reference to binding polypeptides, such as an Fc-
polypeptide, means that they have no, or substantially no, specific binding to FCGR3A on
mammalian NK cells such as human NK cells. In some embodiments, low-affinity results from
removal, truncation, or modification (e.g., by aglycosylation) of the Fc of an Fc-polypeptide

such that its capacity to specifically bind to FCGR3A is absent or substantially absent.

004 3] The term "mammal” specifically includes reference to at least one of a: human,

chimpanzee, rhesus monkey, cynomologous monkey, dog, cat, mouse, or rat.

[0044] The terms "monoclonal antibody” or "monoclonal antibody composition” refers
to a preparation of isolated antibody molecules of single molecular composition
(notwithstanding minor heterogeneities resulting from, for example, post-translational
modification such as glycosylation and/or signal sequence cleavage), typically encoded by the
same nucleic acid molecule. A monoclonal antibody composition displays a single binding
specificity and affinity for a particular epitope. In certain embodiments, monoclonal antibodies
are produced by a single hybridoma or other cell line (e.g., a transfectoma), or from a
transgenic mammal such as cloning from a transgenic B-cell. The term "monoclonal” is not
limited to any particular method for making an antibody. In some embodiments the

monoclonal antibodies are human monoclonal antibodies.

[0045] The term "naturally occurring” or "native” when used in connection with
biological materials such as nucleic acid molecules, polypeptides, host cells, and the like,

refers to those which are found in nature and not modified by human intervention.

[00406] The terms, "nucleic acid” and “polynucleotide” refer to a deoxyribonucleotide or
ribonucleotide polymer, or chimeras thereof, and unless otherwise limited, encompasses the
complementary strand of the referenced sequence. A nucleic acid sequence is "operably
linked” to a reqgulatory sequence Iif the regulatory sequence affects the expression (e.g., the
level, timing, or location of expression) of the nucleic sequence. A “regulatory sequence’ is a
nucleic acid that affects the expression (e.g., the level, timing, or location of expression) of a
second nucleic acid. Thus, a regulatory sequence and a second sequence are operably linked
If a functional linkage between the regulatory sequence and the second sequence is such that

the regulatory sequence initiates and mediates transcription of the DNA sequence
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corresponding to the second sequence. Examples of regulatory sequences include
promoters, enhancers and other expression control elements (e.g., polyadenylation signals).
Further examples of regulatory sequences are described in, for example, Goeddel, 1990,
Gene Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, CA
and Baron et al., Nucleic Acids Res. 23: 3605-3606, 1995.

(0047] The terms “peptide,” “polypeptide”, and “protein” are used interchangeably
throughout and refer to a molecule comprising two or more amino acid residues joined to each
other by peptide bonds. The terms “polypeptide”, “peptide”, and “protein” are also inclusive of
modifications including, but not limited to, glycosylation, lipid attachment, sulfation, gamma-

carboxylation of glutamic acid residues, hydroxylation, and ADP-ribosylation.

[0048] The term “peptibody” refers to a particular type of binding peptide, and more
specifically, a type of Fc-polypeptide. In some embodiments the Fc of the peptibody is a
human IgG1 or lgG2 Fc. The structure and production of peptibodies is generally described in
PCT publication WO 00/24782, published May 4, 2000.

Exemplary peptides may be generated by any of the methods set forth herein, such as carried
in a peptide library (e.g., a phage display library), generated by chemical synthesis, derived by

digestion of proteins, or generated using recombinant DNA techniques.

[0049] The term “peptibody fragment” or “antibody fragment” refers to a peptide of a
peptibody or antibody which comprises less than a complete intact peptibody or antibody but
retains the ability to specifically bind to its target molecule (i.e., human DR5 or human DR4).
Exemplary fragments includes F(ab) or F(ab')2 fragments. Such a fragment may arise, for
example, from a truncation at the amino terminus, a truncation at the carboxy-terminus, and/or
an internal deletion of a residue(s) from the amino acid sequence. Fragments may result from

alternative RNA splicing or from in vivo or in vitro protease activity. Such fragments may also
be constructed by chemical peptide synthesis methods, or by modifying a polynucleotide
encoding an antibody or peptibody.

[(0050] The terms “polynucleotide,” "oligonucleotide”, and “nucleic acid” are used
interchangeably throughout and include DNA molecules (e.g., cDNA or genomic DNA), RNA
molecules (e.g., mMRNA), and hybrids thereof. The nucleic acid molecule can be single-

stranded or double-stranded.

[0051] The term "specifically binds” refers to the ability of a binding polypeptide of the

present invention, under specific binding conditions, to bind to a target (e.g., human DRS,
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human DR4, or human FCGR3A) such that its affinity is at least 10 times as great, but
optionally 50 times as great, 100, 250 or 500 times as great, or even at least 1000 times as
great as the average affinity of the same molecule to a collection of random peptides or
polypeptides of sufficient statistical size. A binding polypeptide need not bind exclusively to a
single target molecule but may specifically bind to a non-target molecule due to similarity in
structural conformation between the target and non-target (e.g., paralogs or orthoiogs). Those
of skill will recognize that specific binding to a molecule having the same function in a different
species of animal (i.e., ortholog) or to a molecuie having a substantially similar epitope as the
target molecule (e.g., a paralog) is within the scope of the term “specific binding” which is
determined relative to a statistically valid collection of unique non-targets (e.g., random
polypeptides). Thus, an anti-DRS5 binding polypeptide of the invention may specifically bind to
more than one distinct species of target molecule, such as specifically binding (i.e., cross-
reacting) to both DRS and DR4. Solid-phase ELISA immunoassays can be used to determine
specific binding. Generally, specific binding proceeds with an association constant of at least
about 1 x 10" M, and often at least 1 x 108 M, 1 x 10° M, or 1 x 10" M"".

[00562] The terms “synergy”, "synergistic”, “synergistically”, or “synergize” in the context
of induction of apoptosis by a combination of therapeutic agents (i.e., an “apoptotic
composition), such as the binding polypeptides of the invention, means that the activity of the
combination in inducing cell death (e.g., via apoptosis) is greater than the additive effect of
each agent. Additivity excess is the amount that the synergistic activity exceeds that of full

additivity.

[0053] The term “TRAIL", “tumor necrosis factor related apoptosis inducing ligand” or
“Apo2 ligand” is 2 homotrimeric ligand that interacts with four members of the TNF-receptor
superfamily (TRAIL receptors 1 to 4), as well as with the soluble osteoprotegerin (“OPG")
receptor. The term is inclusive of human TRAIL (see, U.S. Patent Nos. 6,046,046; 6,284,236;
6,998, 1 16),' as well as homologs found in mammals generally, including

mice, rats, and cynomologous monkeys. Agonistic (apoptosis

inducing) TRAIL variants include multimeric forms of TRAIL (e.g., dimers, trimers), truncated
versions of TRAIL such as LZ (leucine zipper)-TRAIL, or derivitizéd or recombinantly modified
versions of TRAIL such that the resultant molecule retains agonistic activity with respect to
apoptosis sensitive cells expressing DR4 and/or DR5 (e.g., Colo205). TRAIL and TRAIL

variants are detailed in U.S. 20060141561 and U.S. 7,994,281,
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[0054] The term “vector” refers to a nucleic acid used in the introduction of a
polynucleotide of the present invention into a host cell. Vectors are often replicons.
Expression vectors permit transcription of a nucleic acid inserted therein when present in a

suitable host cell or under suitable in vitro conditions.

ANTI-DR5 BINDING POLYPEPTIDES AND POLYNUCLEOTIDES ENCODING SAME

[00595] The binding polypeptides of the present invention specifically bind, under
specific binding conditions, to the extracellular domain of mammalian DRS (anti-DRS binding
polypeptides) and/or DR4 (anti-DR4 binding polypeptides) expressed on a mammalian cell,
such as a mammalian cancer cell. In some embodiments the DR5 and/or DR4 receptors to
which the binding polypeptides specifically bind will be expressed on human, cynomologous
monkey, rat, or mouse cancer cells. In some embodiments, the binding polypeptide will
specifically bind to DR4 and/or DRS receptors of two or more mammalian species. For
example, a binding polypeptide of the invention can specifically bind to DR4 and/or DR5 of at
least both human and cynomologous monkey, or at least human and murine DR4 and/or DRS
receptors. Cross-reactivity of binding polypeptides to two or more species of mammals is

therefore included within the scope of the invention.

[0056] In some embodiments, a binding polypeptide of the invention is an agonist of
the DRS and/or DR4 receptor to which it's targeted. In other embodiments it is not an agonist
of the targeted receptor. Thus, for example, while a first Fc-polypeptide alone may itself
exhibit no detectable agonistic activity in vitro and/or in vivo towards a particular death
receptor, in combination with TRAIL or a second Fc-polypeptide they will jointly cooperate and
exhibit agonistic activity toward that DRS and/or DR4 receptor in excess of that exhibited by
TRAIL or the second Fc-polypeptide alone. In other embodiments, however, the first Fc-
polypeptide will exhibit some degree of agonistic activity of its own in addition to cooperating
with TRAIL or a second Fc-polypeptide. An anti-DRS binding polypeptide can be
demonstrated to be agonistic using well known in vivo and/or in vitro apoptosis assays with a

DR5 expressing mammalian cell, such as but not limited to: Colo205 (colon), WM35 (colon),
H1975 (lung), SK-MES-1 (lung), HCC38 (breast), H2122 (lung), SkLu1 (lung), or H460 (lung).

[0057] In some embodiments, the binding polypeptides of the invention are exogenous
cross-linking dependent wherein they require the presence of an exogenous cross-linking
agent, such as Protein G, to induce apoptosis in an apoptosis sensitive cell in vitro.

Conversely, in some embodiments the binding polypeptides of the present invention are
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exogenous cross-linking independent wherein they induce apoptosis in apoptosis sensitive
cells in vitro without an exogenous cross-linking agent. Methods of assaying for exogenous
cross-linking dependence or independence of an anti-DR4 and/or anti-DR5 binding
polypeptide are known in the art as are apoptosis sensitive DR4 and/or DRS mammalian cell
lines (supra). Exemplary exogenous cross-linking agents include secondary antibodies that
specifically bind to the binding polypeptides wherein the secondary antibodies coat a solid
support or are components of a liposomal membrane, or the use of Protein A or Protein G.
Without being bound by theory, it is believed that clustering of the death receptors plays a role
In the apoptotic induction mechanism. Thus, exogenous cross-linking agents act to cluster

DR4 and/or DRS via specific binding to, and clustering of, binding polypeptides.

[0058] In some embodiments the binding polypeptides of the present invention are Fc-
polypeptides, such as antibodies or peptibodies. In some embodiments the Fc-polypeptides
are human antibodies such as IgG1 or IgG2 antibodies. In some embodiments the Fc-
polypeptides are bispéciﬂc Fc-polypeptides and, accordingly, specifically bind to two distinct
sites on DR5 or DR4, or speciﬁCéIIy bind to both DR4 and DR5. Fc-polypeptides can exhibit
bispecificity to distinct sites on their target by virtue of comprising two distinct species

- (bivalent) of binding polypeptides each of which binds to a unique site. Alternatively,

bispecificity of an Fc-polypeptide can result from cross-reactivity of a single species
(monovalent) of binding polypeptide to two unique sites having sufficient similarity in structure.
Such cross-reactive binding polypeptides can be made to specifically bind to regions on both

DR4 and DRS owing to substantial homology between these two death receptors.

[0069] Those of skill in the art will recognize that the Fc¢ of an Fc-polypeptide, such as
an antibody, can be modified to increase or reduce specific binding affinity to an FCGR3A

receplor. Compositions and methods relating to high-affinity I[gG1 Fc-polypeptides is

discussed in the International Patent Application of Graves et al.

WO0O/2011/143614, filed internationally on 13 May 2011. High-affinity

Fc-polypeptides can comprise an afucosylated Fc to increase affinity
to mammalian (e.g., human) FCGR3A. In some embodiments the Fc is an afucosylated fully

human IgG1 Fc. In some embodiments the Fc-polypeptide is an afucosylated fully human
IgG1 monoclonal antibody. In some embodiments the afucosylated fully human 1gG1
monoclonal antibody specifically binds to human DR5 and/or human DR4. Thus in some
embodiments the afucosylated fully human IgG1 monoclonal antibody is a bispecific antibody
that specifically binds to human DR5 and human DR4. In some embodiments the Fc-
polypeptide is a fully human IgG1 monoclonal antibody that specifically binds to human DR5
but does not specifically bind to (i.e., does not cross-react with) human DR4. In some
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embodiments the Fc-polypeptide specifically binds to human DR4 but does not specifically
bind to (l.e., does not cross react with) human DR5. Methods of creating afucosylated
antibodies or Fc-fusion peptides are known in the art and include, but are not limited {o,
recombinant expression using genetic (e.g., siRNA) or chemical means to inhibit cellular
fucosyl transferase function or expression, using host cells missing the gene for fucosy!
transferase (e.qg., fut8 knock-outs), or defucosylating the Fc¢ by in vitro chemical or enzymatic
means. See, e.g., U.S. Patent No. 6,946,292. Those of skill will recognize that
compositions comprising a plurality of high-affinity Fc-polypeptides of the invention need

not be 100% afucosylated to exhibit enhanced anti-cancer activity but generally
comprise at least 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99%

afucosylated Fc-polypeptides.

[0060] In another approach the present invention provides an agonistic high-affinity Fc-
polypeptide wherein the Fc comprises at least one amino acid substitution that yields
enhanced FCGR3A affinity as described in U.S. Patent No. 7,317,091.

In some embodiments, the Fc¢ cdmprising an aforementioned amino acid

substitution is a human 1gG1 Fc. In some embodiments the Fc-polypeptide comprising at least
one amino acid substitutions to enhance FCGR3A binding is a fully human lgG1 monoclonal
antibody. In some embodiments the fully human igG1 monoclonal antibody specifically binds
to human DRS and/or human DR4. Thus in some embodiments the fully human IgG1
monoclonal antibody is a bispecific antibody that specifically binds to human DR5 and human
DR4. In some embodiments the Fc-polypeptide is a fully human IgG1 monoclonal antibody
that specifically binds to human DRS5 but does not specifically bind to (i.e., does not cross-
react with) human DR4. In some embodiments the Fc-polypeptide specifically binds to human
DR4 but does not specifically bind to (i.e., does not cross react with) human DR5. In some
embodiments, the Fc comprises a substitution at, at least one of, residues; 230, 233, 234, 235,
239, 240, 243, 264, 266, 272, 274, 275, 276, 278, 302, 318, 324, 325, 326, 328, 330, 332, and
335, wherein the numbering of the residues in the Fc region is that of the EU index as in
Kabat. In some embodiments, the Fc comprises at least one amino acid substitution selected
from the group consisting of: P230A, E233D, L234E, 1.234Y, L2341, L235D, L2358, L235Y,
L2351, $239D, S238E, S239N, $S239Q, S239T, V240I, V240M, F243L, V2641, V264 T, V264Y,
V2606I, E272Y, K274T, K274E, K274R, K274L, K274Y, F275W, N276L, Y278T, V302!, E318R,

S5324D, $3241, $S324V, N325T, K3261, K326T, L328M, L3281, L328Q, L328D, 328V, L328T,
A330Y, A330L, A330l, 1332D, 1332E, 332N, 1332Q, T335D, T335R, and T335Y wherein the
letter preceding the number represents in one-letter amino acid code the substitution residue,
the number indicates the residue of the Fc numbered per the EU index as in Kabat and the

letter following the number indicates the native residue. In some embodiments, the high-
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affinity Fc-polypeptide comprises both an afucosylated Fc and an amino acid substitution to
enhance FCGR3A affinity as described above. In some embodiments, the Fc of the Fc-
polypeptide comprises 1, 2, 3, 4, 5,06, 7, 8, 9, or 10 of the substitutions to increase affinity to
FCGR3A.

[00061] The Fc of an Fc-polypeptide can be modified to reduce specific binding affinity
to the FCGR3A receptor. Low-affinity Fc-polypeptides have a reduced ability to be cross-
linked by FCGRS3A bearing cells, such as NK cells or macrophages, and therefore low-affinity
Fc-polypeptides that specifically bind to DR5 and/or DR4 can be constructed and utilized to
reduce or eliminate NK or macrophage mediated apoptosis. Methods of reducing or
substantially eliminating specific binding of an Fc to FCGR3A are known in the art. Low-
affinity Fc-polypeptides can be obtained by constructing or modifying the Fc of the Fc-
polypeptide by a variety of means such as by providing a human IgG1 Fc comprising an
N297A aglycosylation mutation, use of an 1gG2 Fc, use of an Fc which Iis enzymatically and/or
chemically aglycosylated to yield low-affinity Fc-polypeptides, or use of Fc-polypeptides that
are made from host cells or in culture media in which glycosylation is inhibited or prevented so
as to yield low-affinity Fc-polypeptides. Thus, in one aspect the present invention provides an
aglycosylated Fc of the Fc-polypeptide. In some embodiments, the Fc of the Fc-polypeptide is
an 1gG2 Fc. In some embodiments, the IgG1 or IgG2 Fc is a human Fc. In some
embodiments, the Fc of the Fc-polypeptide comprises an N297A substitution resulting in
aglycosylation at that position. See, Sazinsky, et al., PNAS 105: 20167-20172 (2008). In
certain embodiments, the Fc comprising the N297A substitution is a human IgG1 Fc. In some
embodiments, the present invention comprises Fc-polypeptides in which the Fc is sufficiently

truncated such that is unable to specifically bind to FCGR3A.

[0062] Methods of identifying, isolating, or otherwise making Fc-polypeptides of the
present invention are known to those of ordinary skill in the art. The polypeptide component of
an Fc-polypeptide of the invention can be obtained from a number of sources such as a phage
or polypeptide library. Methods of making and screening phage or polypeptide libraries are
well known in the art. Phage and polypeptide libraries are also available commercially.
Polypeptides having the desired specific binding properties can be covalently attached, directly
or indirectly (i.e., via a linker), to an Fc to yield the Fc-polypeptide. In some embodiments the
Fc-polypeptide is a bivalent IgG1 antibody, such as a fully human monoclonal antibody. In
some embodiments, the polypeptide of the Fc-polypeptide is a scFv (single-chain Fv), Fab or
F(ab’y, fragment of an antibody. Representative Fc-polypeptides that can be modified
according to the methods of the invention to yield a high- or low-affinity Fc-polypeptide include

the anti-DR5 antibody conatumumab (Amgen Inc.). In one embodiment, the Fc-polypeptide is
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a bispecific multivalent Fc-polypeptide comprising human TRAIL (TNF-Receptor Apoptosis
Inducing Ligand) and an anti-DR5 and/or DR4 peptide.

[0063] The Fc of an Fc-polypeptide of the invention can be obtained by a variety of
methods well known in the art including, but not limited to, recombinant expression methods,
solid-phase peptide synthetic methods, isolated from natural sources such as human
immunoglobulins, or combinations of these methods. In some embodiments, the Fcis a
human IgG1. In certain embodiments, the Fc of one Isotype is converted to a different isotype
by isotype switching. Methods of isotype switching include, but are not limited to, direct
recombinant techniques and cell-cell fusion techniques (see e.g., U.S. Patent No. 5,916,771),
among others. In certain embodiments, an Fc is converted from a human 1gG2, |1gG3, or IgG4
subclass to a human IgG1 subclass. Those of skill in the art will recognize that in order to
optimize solubility, manufacturability, stability, and other factors relevant to the manufacture of
biopharmaceuticals, several amino acid residues of a native human IgG1 can be modified yet
still be within the definition of human IgG1. Generally, no more than a total of up to 15
residues are deleted, added, and/or substituted and often no more than 10, 9, 8, 7, o6, 5, 4, 3,
2, or 1. The Fc of an Fc-polypeptide can, however, be linked directly or indirectly with labels,
toxins, drugs, tissue-specific binding agents, and the like, to enhance the pharmacokinetic or

pharmacodynamic properties of the Fc-polypeptide.

0064 ] In some embodiments, two or more Fc-polypeptides can be covalently bonded
to one another, such as by cysteine-cysteine disulfide bonds, to create bivalent (i.e., two
antigen binding sites), trivalent, or higher order structures of Fc-polypeptides. A bivalent Fc-
polypeptide, such as an antibody, can be monospecific and specifically bind to a single epitope
of the target, or bispecific such that it specifically binds to two unique epitopes on the same
target (e.g., human DRS or human DR4) or two unique epitopes of differing targets (e.q.,
human DR4 and human DRS). In additional embodiments, two or more unique or identical
species of polypeptides that specifically bind to human DR4 and/or human DRS are covalently
linked to a single Fc to form an Fc-polypeptide. Thus, in some embodiments, 2, 3, or 4 of such
polypeptides are covalently linked to a single Fc. Such Fc-polypeptides can be dimerized (by,
for example, disulfide bonding between Fc chains to form a bivalent Fc-polypeptide),
trimerized, etc. The polypeptide can be directly or indirectly attached to an Fc at or near the
N-or C-terminus of the Fc or at an internal residue within the Fc. In other embodiments, a
second or additional polypeptide that specifically binds to human DR4 and/or human DRS is
covalently linked to a polypeptide that itself is covalently linked to the Fc. Thus, Fc-
polypeptides can comprise multiple polypeptides covalently linked, directly or indirectly, to the

Fc or to a polypeptide that is itself covalently attached directly or indirectly to the Fc.
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