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AGONIST DR3 BINDING POLYPEPTIDES

BACKGROUND

{o01] The tumor necrosis factor (TNF)-related apoptosis-inducing ligand {TRAIL)
induces apoptosis in a variety of tumorigenic and transformed cell lines with little or no
effect on normal cells. At least five receptors for TRAIL have been identified, of which two,
namely DR4 (Death Receptor 4, TRAIL-R1) and DR5 (Death Receptor 5, TRAIL-R2;
KILLER or TRICK 2), are capable of transducing an apoptosis signal, whereas the other
three (TRAIL-R3, TRAIL-R4 and soluble OPG) serve as decoy receptors to block TRAIL-
mediated apoptosis. See e.g., Ozoren and El-Deiry, Sem. Cancer Biol 13: 135 {2003);
Yagita et al., Cancer Sci., 95(10). 777 (2004).

[002] TRAIL or Apo2L is a 281 amino-acid cytotoxic ligand found integrated into the
cytoplasmic membrane with the C-terminus exposed at the extracellular surface (Type Il
ligand) of cells. Small quantities of soluble TRAIL ligand can also be detected. TRAIL
forms a homo-trimeric molecule that binds its respective receptors, initiating a cascade of
signaling events.

[003] The binding of TRAIL. ligand to the receptors DR4 or DRS initiates the extrinsic
cell death pathway, resulting in the formation of death-inducing signaling complexes
(DISC), which contain the adaptor FADD (Fas-activating DD) and pro-caspase 8 or pro-
caspase 10. The interactions at the DISC and the activation of the downstream cascade
are similar to FAS, resulting in activation of the NFxB and Jun N-terminal kinase pathways
{JNK). See, e.g., Mongkolsapaya et al., Nat. Struct. Biol., 6(11): 1048 {1999); Cha et al., J.
Biol. Chem., 275(40). 31171 (2000). TRAIL binding to DR4 or DR5 also results in a BID
cleavage (by caspase 8 or 10), activation of mitochondria and hence activation of the
intrinsic apoptosis pathway.

[004] The ability of TRAIL ligand to preferentially induce apoptosis of tumor cells,
with little or no effect on normal cells, makes it a potentially good candidate for cancer
therapy. However, soluble TRAIL has been shown to induce apoptosis of normal human
hepatocytes in vitro, highlighting potentially toxicity concerns. See, e.g., Jo et al., Nat Med.
6(5): 564 (2000). A more advantageous target for cancer therapy is DR5. Because DR5
requires muitiple receptors to induce apoptosis of normal hepatocytes, the development of
agonists against the specific DR5 responsible for induction of apoptosis is predicted to
avoid this toxicity against normal cells, while retaining the ability to kill tumor cells.

[005] Peptide and antibody agonists of DRS have been used to induce apoptosis in
cells expressing DR5. See, e.g., Liet al., J. Mol. Biol., 361, 522-536 (2006); Kajiwara et
al., Biochim. Biophys. Acta 1699: 131-137 (2004); Yang et al., Cancer Cell, 5, 501-512
(2004). Agonists of DR5 have the potential to be used in cancer therapy against a wide
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range of cancers. For example, Lexatumumab, a monoclonal antibody against DR5,
induces expression of DR5 and promotes apoptosis in a mouse mode! of renal cell
carcinoma. Zhang et al., Cancer Lett. 251(1). 146-57 (2007). Other agonistic monoclonal
antibodies against DRS, or single-chain Fv fragment against DR5, and the tumoricidal
activity thereof are similarly described, e.g., in Takeda et al., Journal Exp. Medicine, 199,
437-448 (2004}, Guo et al., J. Biol. Chem., 280, 41940-41952 (2005}, Motoki et al., Clin.
Cancer Res 11(8): 3126-35 (2005); and Ichikawa et al., Nature Medicine, 7, 954-960
(2001), Chuntharapai et al., J. Immunol. 166(8): 4891-8 (2001), Shi et al., Cancer Res.,
66(24): 11946-11953 (20086).

[0086] Various DRE specific antibodies are being developed for use in the clinic but
none are yet approved. It is believed that for DRS to be activated, multiple cross-linking
antibodies are required, and issues remain for sufficient delivery of these antibodies at the
site of action to achieve reproducible therapeutic effects. Therefore, a need exists for

improved DR5 specific agonists for freatment of associated diseases.

SUMMARY OF THE INVENTION

[007] The present invention relates to one or more “NB agents” comprising amino
acid sequences that are directed against Death Receptor 5 (herein referred to as "DR5")
as provided herein, as well as to specific compounds or constructs, and in particular
proteins and polypeptides, that comprise or essentially consist of one or more such amino
acid sequences (also referred to as “compounds”, and “polypeptides”, respectively) and
fragments thereof, plus the nucleic acids that encode such constructs. Monomeric and
multimeric variants of the inventive DR5 specific constructs are provided herein.
Humanized and humaneered variants of the NB agents are provided. In one embodiment,
pharmaceutically relevant NB agents of the invention act as agonists of the TRAIL
receptors DRS.

[008]) The invention also relates to nucleic acids encoding such amino acid
sequences and polypeptides; methods for preparing such amino acid sequences and
polypeptides; host cells expressing or capable of expressing such amino acid sequences
or polypeptides; compositions, and in particular to pharmaceutical compositions, that
comprise such amino acid sequences, polypeptides, nucleic acids and/or host cells; and
uses of such amino acid sequences or polypeptides, nucleic acids, host cells and/or
compositions, in particular for prophylactic, therapeutic or diagnostic purposes, such as the
purposes mentioned herein.

[009] Agonists of the TRAIL receptors DRS described herein as NB agents have
the potential to be used in therapy against a wide range of diseases associated with DR5.
These inventive NB agents therefore have utility in the treatment of proliferative diseases
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including, e.9., cancers such as solid tumors, primary and metastatic cancers such as
renal cell carcinoma, and cancers of the lung (e.g., small cell lung cancer “SCLC” and non-
small cell lung cancer "NSCLC”), pancreas, hematopoietic malignancy, glioma,
astrocytoma, mesothelioma, colorectal cancers, prostate cancer, ostecsarcoma,
melancma, lymphoma (including but not limited to Burkitt's Lymphoma), breast cancer,
endometrial cancer, liver cancer, gastric cancer, skin cancer, ovarian ¢ancer and
squamous cell cancers of any origin {e.g., lung, head and neck, breast, thyroid, cervix,
skin, esophageal, etc.), as well as liquid cancers, e.g., such as leukemias (see, e.g., Uno
et al., Nature Medicine, 12(6): 693-698(2006)) including especially a T-cell leukemia such
as acute T-cell leukemia (T-ALL), acute B-cell leukemia (B-ALL), chronic myelogenous
leukemia (CML), acute myelogenous leukemia (AML), plasma cell myeloma and multiple
myeloma (MM). These inventive NB agents also have utility in the treatment of non-cancer
indications inciude inflammatory and autcimmune disease, such as systemic lupus
erythematosus, Hashimoto's disease, rheumatoid arthritis, graft-versus-host disease,
Sjogren’s syndrome, pemicicus anemia, Addison disease, scleroderma, Goodpasture's
syndrome, Crohn's disease, autoimmune hemolytic anemia; sterility, myasthenia gravis,
multiple sclerosis, Basedow's disease; thrombotic throbocytopenia, thrombopenia
purpurea, insulin-dependent diabetes meliitus, allergy; asthma; atopic disease;
arteriosclerosis; myocarditis; cardiomyopathy; gicberula nephritis; and hypoplastic anemia.
[0010] The amino acid sequences and polypeptides described herein may be directed
against, or be specific to, any DR5. According to one non-limiting aspect, amino acid
sequences and polypeptides described herein are directed against DR5. In one
embodiment, the NB agents specifically bind to a DR5 extraceliular domain.

[0011] The polypeptides and compositions of the present invention can generally be
used fo modulate DR5. In one embodiment, an NB agent will trigger, aciivate and/or
increase or enhance the signaling that is mediated by DR5. In one embodiment, agonism
of DR5 by an NB agent will modulate, and in particular trigger or increase the biclogical
mechanisms, responses and effects associated with DR5, their signaling and/or the
pathways in which DRS is involved.

[0012] In one embodiment, the compounds, polypeptides and compositions described
herein induce, trigger, increase or enhance apoptosis in certain cells or tissues. Inone
embodiment, the compounds, polypeptides and compositions described herein are
capable of binding to DR5 on a cell surface, and in particular of binding o a DR5in such a
way that the signaling mediated by the DR5 is induced, triggered, increased or enhanced.
in one embodiment, the polypeptides and compositions described herein may be such that
they are capable of binding to a DR5 in such a way that apoptosis is triggered or induced
in the cell on which the DR5 is present.
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[0013] In one embodiment, the NB compounds, (monovalent or multivalent)
polypeptides and compositions described herein can bind to the binding site of TRAIL on
the DRS. In one embodiment, the NB agents compete with TRAIL for binding to the DR5.
In one embodiment, the binding of such compounds and polypeptides to DRS induces,
triggers, increases or enhances the signaling mediated by the DRS, and in particular
triggers or induces apoptosis in the cell on which the DR5 is present.

[0014] Other aspects, embodiments, advantages and applications of the invention will
become clear from the further description herein.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1 is a graphic representation of an ELISA experiment showing the
binding of multivalent anti-DRS NB agents against TNF Receptor family members.

[0016] Figure 2 is a graphic representation of a tumor tissue PD (Caspase3/7
activation) of tetravalent anti-DR5 NB agenfs.

[0017] Figure 3 is a graphic representation of the in vivo efficacy of tetravalent and
pentavalent anti-DR5 NB agents in a Colo205 tumors model.

[0018] Figures 4A and 4B are graphic representations of 11H6 tetramer exhibiting
anti-tumor activity in a MiaPaCa pancreatic tumor model grown in NSG hosts (i.e.,
macrophage/NK deficient hosts) either without (Fig. 4A) or with (Fig. 4B) CSF-1R inhibitor.
[0019) Figure 5 shows 11H6 tetramer ability to regress patient-derived pancreatic
tumor TPAN1-IFA that is insensitive to LCR211, a murine antibody specific to DRS.
[0020] Figures 6A, 6B and 6C are graphic representations showing that an increased
number of subunits in a NB construct comresponds with an improved efficacy and potency
for (Fig. 6A) 11H6 trimers, tetramers and pentamers in Colo205 cells; (Fig. 6B) 4E6 and
11H6 tetramers and pentamers in Colo205 cells; and (Fig. 6C) 4E6 and 11H6 tetramers
and pentamers in H226 cells.

DETAILLED DESCRIPTION OF THE INVENTION

[0021] The NB agents described herein, namely the compounds, polypeptides
(monovalent or multivalent) and compositions, bind to Death Receptor 5 ("DR5"). In one
embodiment, the binding of the disclosed compounds and polypeptides to the DRS
induces, triggers, increases or enhances the signaling mediated by the DR5, and in
particular triggers or induces apoptosis in the cell on which the DR5 is present.

[0022] As used herein a "NB agent” of the invention is defined as a polypeptide
containing at least one CDR3 sequence that specifically bind to a DR5 polypeptide and
whose binding produces an agonistic effect on DR5 activity, or a nucleotide that encodes
such a polypeptide. In one embodiment, NB agents of the invention are a polypeptide
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having the general structure of a V,; domain. In one embodiment, NB agents of the
invention are a polypeptide having the general structure of a Vyy domain. In one
embodiment, NB agents of the invention are a polypeptide having the general structure of
a V| domain. in one embodiment, NB agents of the invention contain at least one CDR1
and at least one CDR2 sequence in addition to the CDR3 sequence. In one embodiment,
NB agents of the invention comprise at least one monovalent polypeptide having the FR1-
CDR1-FR2-CDR2-FR3-CDR3-FR4 construction as defined below for Formula 1. In one
embodiment, NB agents of the invention are monomeric compositions. In one
embodiment, NB agents are multimeric compositions. In cne embodiment, NB agents of
the invention are monovalent compositions. In one embodiment, NB agents are
multivalent compositions. In one embodiment, the framework regions contain residues
that are sequence optimized for use in humans. Other aspects of NB agents of the
invention are described below.

[0023] Whereas the term “NB agent” is used as a general term that is meant to
encompass the full scope of the compositions of the invention, the terms “NB sequence" or
alternatively “NB construct’ are used herein to refer to the specific polypeptide variants
disclosed herein as SEQ ID NOS: 1-72, 87-88 and 103-104 and the nucleotides that
encode them, including those specifically disclosed herein as SEQ ID NOS: 96-99 and
those sequences that encode the same polypeptide sequences as SEQ ID NOs: 956-99 but
differ by the degenerate code.

[0024] NB Agents of the invention

[0025] In one embodiment, the NB agent is selected from the group of 11D1, 11H8,
10F1, 7A12, and 4E8, or a variant thereof. In one embodiment, the NB agent is a variant
whose sequence is optimized for use in humans, e.g., is humanized. 11 one embodiment
humanized NB agents include without limitation the group of 4E6hu and 11HGhu. In one
embodiment, the NB agent is a monomeric variant of the listed group, or a variant thereof.
In one embodiment, the NB agent is a multimeric variant of the listed group, or a variant
thereof. In one embodiment, the multimeric variant of the listed group is monospecific, or
a variant thereof. In one embodiment, the multimeric variant of the listed group is
multispecific, or a variant thereof. In one embediment, the multiple epitopes recognized by
a multispecific NB agent are various epitopes of the DR5 target, or a variant thereof. In
one embodiment, the multiple epitopes recognized by a multispecific NB agent is at least
one epitope of the DR5 target and at least one epitope on a target other than the DR5
polypeptide, or a variant thereof.

[0026] In one embodiment, the NB agent is selected from one or more of SEQ D
NOs: 1-22, 26-40, 87-88, and 103-104, or SEQ ID NOs: 96-99, or a variant thereof,
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Specific embodiments of NB agents 11D1, 11H6, 10F1, 7A12, and 4E8, or variants
thereof, are as provided below and in Tables 1-4.

[0027] Exemplary NB agents of the invention include the following NB polypeptide
constructs and variants thereof.

[0028] 4EG6 Family

[0028] In one embodiment, the NB agent is 4E8, or a variant thereof. 1n one
embodiment, the 4E6 construct is the monomer of SEQ ID NO: 1, or a variant thereof. In
one embhodiment, the 4E6 construct is the monomer of SEQ ID NO: 26, or a variant
thereof. In one embodiment, the 4E6 construct is a multimer comprising two or more
monomers of SEQ ID NO: 1 that are operably linked, or a variant thereof. In one
embodiment, the 4E6 construct is a multimer comprising two or more monomers of SEQ
ID NO: 26 that are operably linked, or a variani thereof. In one embodiment, the 4E6
construct is a multimer comprising two or more monomers of both SEQ ID NO: 1 and of
SEQ ID NO: 26 that are operably linked, or a variant thereof, wherein the monomers may
be in any order.

[0034] In one embodiment, the 4E8 multimeric construct is a trimer, a tetramer or
pentamer of SEQ ID NO: 1, or a variant thereof. In one embodiment, the 4E6 multimeric
construct is a trimer, a tetramer or a pentamer of SEQ D NO: 28, or a variant thereof. In
one embodiment, the 4E8 muitimeric construct is a trimer, a tetramer or a pentamer of a
combination of both SEQ D NO: 1 and of SEQ 1D NO: 26, or a variant thereof, wherein the
moncmers may be in any order. In one embodiment, the 4E6 construct is the multimer as
provided in any one or more of SEQ ID NCs: 6-8 and 27-29, or a variant thereof. Higher
order muitimers, such as multimers comprised of 6 — 10 subunits, are also contemplated.
[0031] in one embodiment, the 4EB construct comprises SEQ ID NG: 64, or a variant
thereof. In one embodiment, the 4E6 construct comprises SEQ ID NO: 65, or a variant
thereof. In one embodiment, the 4E6 construct comprises a CDR1 sequence of SEQ ID
NO: 42, a CDR2 sequence of SEQ ID NO: 52 and a CDR3 sequence of any one or more
of SEQ ID NO: 64 and/or SEQ ID NO: 65, or a variant thereof. Ih one embodiment, the
4E6 construct is a humanized or humaneered segjuence, or a variant thereof. In one
embodiment, the 4E6 construct is as provided in SEQ {D NO: 28, or a variant thereof. In
one embodiment, the 4E6 construct is as provided in SEQ ID NO: 29, or a variant thereof.
In one embodiment, the 4E6 construct comprises SEQ 1D NQOs: 35, 42, 46, 52, 57, 64 and
70, respectively, or a variant thereof. In one embodiment, the 4E8 construct comprises
SEQID NOs: 36, 42, 47, 52, 58, 65 and 71, respectively, or a variant thereof,

[0032] In one embodiment, the NB construct is a nucleic acid that encodes the 4E6
polypeptide of SEQ ID NO: 1 or variants, multimers or fragments thereof. In one
embodiment, the NB construct is a nucleic acid that encodes the 4E6Hu polypeptide of
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SEQ 1D NO: 26 or variants, multimers or fragments thereof. [n one embodiment, the NB
construct is a nucleic acid that encodes one or more of the CDR regions of the 4E6Hu
polypeptide, namely SEQ |D NO: 42, 52 and 64, or variants thereof. In one embodiment,
the NB construct is a nucleic acid that encodes one or more of the CDR regions of the 4E6
polypeptide, namely SEQ 1D NO: 42, 52 and 65, or variants thereof. In one embodiment,
the NB construct is a nucleic acid that encodes the CDR3 region of SEQ 1D NO: 84 or
variants thereof. In one embodiment, the NB construct is a nucleic acid that encodes the
CDR3 region of SEQ 1D NO: 65 or variants thereof.

[0033] 7A12 Family

[0D34] In one embodiment, the NB agent is 7A12, or a variant thereof. In one
embodiment, the 7A12 construct is the monomer of SEQ ID NO: 2, or a variant thereof. In
one embodiment, the 7A12 construct is a multimer comprising two or more monomers of
SEQ ID NO: 2 that are operably linked, or a variant thereof. In one embodiment, the 7A12
multimeric construct is a trimer, a tetramer or a pentamer of SEQ 1D NO: 2, or a variant
thereof. In one embodiment, the 7A12 construct is the multimer as provided in any one or
more of SEQ 1D NOs: 8-11, or a variant thereof. In one embodiment, the 7A12 construct
comprises SEQ ID NO: 63. In one embediment, the 7A12 construct comprises a CDR1
sequence of SEQ ID NO: 41, a CDR2 sequence of SEQ ID NO: 51 and a CDR3 sequence
of SEQ ID NO: 63, or a variant thereof. In one embodiment, the 7A12 construct is a
humanized or humaneered sequence, or a variant thereof. In one embodiment, the 7A12
construct is as provided in SEQ ID NO: 10, or a variant thereof. In one embodiment, the
7A12 construct is as provided in SEQ ID NO: 11, or a variant thereof. in one embodiment,
the 7A12 construct comprises SEQ ID NOs: 34, 41, 45, 51, 56, 63 and 69, respectively, or
a variant thereof. Higher order multimers, such as multimers comprised of 6 — 10 subunits,
are also contemplated.

[0035] In ane embodiment, the NB construct is a nucleic acid that encodes the 7A12
polypeptide of SEQ ID NO: 2 or variants, multimers or fragments thereof. In one
embodiment, the NB construct is a nucdleic acid that encodes one or mare of the CDR
regions of SEQ ID NO: 41, 51 and 63, or variants thereof. In oane embodiment, the NB
construct is a nucleic acid that encodes the CDR3 region of SEQ ID NO: 63 or variants
thereof.

{0036] 10F1 Family

[0037] In one embodiment, the NB agent is 10F1, or a variant thereof. In one
embodiment, the 10F1 construct is the monomer of SEQ ID NO: 3, or a variant thereof. In
one embodiment, the 10F1 construct is a muitimer comprising two or more monomers of
SEQ ID NO: 3 that are operably linked, or a variant thereof, In one embodiment, the 10F1
multimeric construct is a trimer, a tetramer or a pentamer of SEQ ID NO; 3, or a variant
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thereof. In one embodiment, the 10F1 construct is the multimer as provided in any one or
more of SEQ ID NOs: 12-16, or a variant thereof. In one embodiment, the 10F1 construct
comprises SEQ ID NO: 88, or a variant thereof. In one embodiment, the 10F1 construct
comprises a CDR1 sequence of SEQ |D NO: 44, a CDR2 sequence of SEQ ID NO: 55 and
a CDR3 sequence of SEQ ID NO: 68, or a variant thereof. In one embodiment, the 10F1
construct is a humanized or humaneered sequence, or a variant thereof. In one
embodiment, the 10F1 construct comprises SEQ ID NO: 15, or a variant thereof. In one
embodiment, the 10F1 construct comprises SEQ ID NO: 16, or a variant thereof. |n one
embodiment, the 10F1 construct comprises SEQ 1D NOs: 40, 44, 50, 55, 62, 68 and 72,
respectively, or a variant thereof. Higher order multimers, such as multimers comprised of
& - 10 subunits, are also contemplated.

[0038] In one embodiment, the NB construct is a nucleic acid that encodes the 10F1
polypeptide of SEQ 1D NO: 3 or variants, multimers or fragments thereof. In cne
embaodiment, the NB construct is a nucleic acid that encodes one or more of the CDR
regions of SEQ |D NO: 44, 55 and 68, or variants thereof. in one embodiment, the NB
construct is a nucleic acid that encodes the CDR3 region of SEQ ID NO: 68 or variants
thereof.

[0038]  11D1 Family

[0040] In one embodiment, the NB agent is 11D1, or a variant therecf. In ohe
embodiment, the 11D1 construct is the monomer of SEQ ID NO: 4, or a variant thereof. In
one embodiment, the 11D1 construct is a multimer comprising two or more monomers of
SEQ 1D NO: 4 that are operably linked, or a variant thereof. In one embodiment, the 11D1
multimeric construct is a trimer, a tetramer or a pentamer of SEQ ID NO: 4, or a variant
thereof. In one embodiment, the 11D1 construct is the multimer as provided in ahy ohe or
more of SEQ [D NQCs: 17-19, or a variant thereof. In one embodiment, the 11D1 construct
comprises SEQ ID NO: 67, or a variant thereof. In one embodiment, the 11D1 construct
comprises a CDR1 sequence of SEQ ID NO: 43, a CDR2 sequence of SEQ ID NO: 54 and
a CDR3 sequence of SEQ ID NO: 67, or a variant thereof. In one embodiment, the 11D1
construct is a humanized or humaneered seguence, or a variant thereof. In cne
embediment, the 11D1 construct comprises SEQ ID NO: 18, or a variant thereof, In one
embodiment, the 11D1 construct comprises SEQ ID NO: 18, or a variant thereof. In one
embodiment, the 11D1 construct comprises SEQ ID NOs: 39, 43, 49, 54, 61, 67 and 71,
respectively, or a variant thereof. Higher order multimers, such as multimers comprised of
6 — 10 subunits, are also contemplated.

[0041} In one embcdiment, the NB construct is a nucleic acid that encodes the 1101
polypeptide of SEQ ID NO: 4 or variants, multimers or fragments thereof. In one
embodiment, the NB construct is a nucleic acid that encodes one or more of the CDR
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regions of SEQ 1D NO: 43, 54 and 67, or variants thereof, In one embodiment, the NB
construct is a nucleic acid that encodes the CDR3 region of SEQ ID NO: 67 or variants
thereof,

[0042] 11H6 Family

[0043] In one embodiment, the NB agent is 11H6, or a variant thereof. In one
embodiment, the 11H6 construct is the monomer of SEQ ID NO: 5, or a variant thereof. In
one embodiment, the 11H6 construct is the monomer of SEQ ID NO: 30, or a variant
thereof. In one embodiment, the 11H6 construct is 2 multimer comprising two or more
monomers of SEQ ID NO: 5 that are operably linked, or a variant thereof. In one
embodiment, the 11HBE construct is a multimer comprising two or more monomers of SEQ
1D NO: 30 that are operably linked, or a variant thereof. In one embodiment, the 11H6
consfruct is a multimer comprising two or more monomers of both SEQ [D NO:; & and of
SEQ ID NO: 30 that are operably linked, or a variant thereof (e.q., SEQ ID NO: 88},
wherein the monomers may be in any order. Higher order multimers, such as multimers
comprised of 6 — 10 subunits, are also contemplated.

[0044] In one embodiment, the 11HE6 multimeric construct is a trimer, a tetramer or a
pentamer of SEQ ID NO: 5, or a variant thereof.’ In one embediment, the 11H6 multimeric
construct is a trimer, a tetramer or a pentamer of SEQ ID NO: 30, or a variant thereof. In
one embodiment, the 11H6 multimeric construct is a trimer, a tetramer or a pentamer of a
combination of both SEQ 1D NO: 5 and of SEQ 1D NG: 30, or a variant thereof, wherein the
monomers may be in any order. In one embodiment, the 11H6 construct is the multimer
as provided in any one or more of SEQ ID NOs: 20-22 and 31-33, or a variant thereof.
[0045] In one embodiment, the 11HB6 construct comprises SEQ 1D NO: 66 or 83, or a
variant thereof. In one embodiment, the 11H6 construct comprises a CDR1 seguence of
SEQ 1D NO: 43, a CDR2 sequence of SEQ ID NO:; 53 and a CDR3 sequence of any one
or more of SEQ ID NO: 66, or a variant thereof. In one embodiment, the 11H6 construct is
a humanized or humaneered sequence, or a variant thereof. In one embodiment, the
11H6 construct is as pravided in SEQ ID NQ: 31, or a variant thereof. In one embodiment,
the 11HB construct is as provided in SEQ 1D NO: 32, or a variant thereof. In one
embodiment, the 11H6 consiruct is as provided in SEQ ID NO: 33, or a variant thereof. In
one embodiment, the 11HB6 construct comprises SEQ ID NOs: 37, 43, 48, 53, 59, 66 and
70, respectively, or a variant thereof. In one embodiment, the 11H6 construct comprises
SEQ ID NOs: 38, 43, 48, 53, 60, 66 and 71, respectively, or a variant thereof.

[0046] In one embodiment, the NB construct is a nucleic acid that encodes the 11H6
polypeptide of SEQ 1D NO: 5 or variants, multimers or fragments thereof. in one
embodiment, the NB construct is a nucleic acid that encodes the 11H8Hu polypeptide of
SEQ ID NO: 30 or variants, multimers or fragments thereof. In one embodiment, the NB
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construct is a nucleic acid that encodes one or more of the CDR regions of SEQ ID NO:
43, 53 and 66, or variants thereof. In one embodiment, the NB construct is a nucleic acid
that encodes the CDR3 region of SEQ ID NO: 66 or variants thereof.

{0047] Other contemplated variants of NB agents

[0048) in one embodiment, a NB agent of the invention is a multimeric construct
comprising at least two different subunits selected from the group of 11D1, 11H6, 10F1,
7A12, and 4E86, or a variant thereof. In one such embodiment, the particular order of the
multimeric constructs comprises alternating subunits. An exemplary construct is provided
in SEQ ID NO: 84. Other arrangements of the subunits within a multimeric NB construct
are contemﬁlated. A skilled person will generally be able to determine and select suitable
substitutions, deletions or insertions, or suitable combinations of thereof, based on the
disclosure herein and optionally after a limited degree of routine experimentation, which
may e.g., involve introducing a limited number of possible substitutions and determining
their infiluence on the properties of the NB consiructs thus obtained.

[0049] In addition to the disclosed exemplary NB polypeptides constructs provided
herein, the invention encompasses nucleotides that encode any NB agent encompassed
within the present invention disclosure, including without limitation: DNA and RNA
sequences or variants thereof, in isolation or in recombinant vectors or the like, and/or as
coding regions or fragments including especially fragments encoding the CDR3 region of
the disclosed NB constructs. In one embodiment, the NB agent is a nucleic acid that
encodes the NB construct of any ocne of the sequences provided in Tables 1-4. In one
embodiment, the NB agent is a nucleic acid that encodes the 4E6 construct of any one of
SEQ ID NOS: 1-5, 2, 3 4, 5, 26, 30 and 87. In one embodiment, the NB agent is a nucleic
acid that encodes any one of SEQ ID NOS: 41-44, 51-55 and 63-68. In one embodiment,
the NB agent is a nucleic acid that encodes any one of SEQ ID NOS: 41-44, 51-55 and 63-
68.

[0050] Exemplary sequences of the invention are provided below in Tables 1-4. The
header term “ID" refers to the given SEQ ID NO. Preferred combinations of FR and CDR
sequences for each NB consfruct are used interchangeably throughout the application.

Table 1: Polypeptide sequences of monovalent / monomeric DR5-binding
components from initial screen, with SEQ ID NOs.

Name | Sequences ID

4E6 evglvesgggsvaagdslrlscaasgrtfgSIRVGwErgt pgkerefvaAINRNDGTTYYADSV | 1
RGritisrdnakntvymgmas]lkpedtavyycaaGLOYNRSADRVPVGAVYwgggtgvtves

TA12 evglvesggglvgagygslrlscaasgrtisNYAMGwErgapgkerefvaALNWSGGSTYYVDSY | 2
KGrftisrdnakntvylgmnslkpedtavyycaaAGSFSLGGRPYGDDYwgkgtlvtvss

10F1 evglvesggalvapagslrlscaasgft LsRYWMYwvrgapgkglewvsAINSGGGDTYYRDSY | 3
RGrftisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMIVDPgaggtgvivss
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1101 evglvesggglvapgaslrlscaasgsidsTNNMGwyrgqapgkqrelvaRITPRGRTNYADSEK | 4
SrftisrdnakrtvnlgmnslkpedtavyycnaEVRERGTSWYRPDYwWwgQQtgvEvss
11HE8 | evglvesggglvgpggslrlscaasgt FAkINNMGwyYrgapgkgrdlvaQIlTPGGITDYADSVK | 5
GritisrdnakdtmylgmnslkpedtavyfcnaEILKRAYIDVYVNYWGQQLQVLVSE
11HBa | evgllesggglvgpggslrlscaasgt fdkINNMGwyrqapgkgqrdlvaQITPGGITDYADSVK | 87

GritisrdnakdtmylgunslkpedtavyfcnaEILKRAYIDVYVNYwgqotgutvss

Table 2: Polypeptide sequences of multivalent anti-DR5S NB constructs with optional
linker sequences, with SEQ ID NOs.

Name

Sequence

4E6 t1

evglvesgggsvgagdelrlscaasgrt fgSIRVGwIrgqtpgkere fvaAINRNDGTTYYADS
VKGrftisrdnakntvymgmaslkpedtavyyceaaGLOYNRSADRVPVGAVYWGYGLYVEVSS
gaggsggggs ggagsguggsguggsggggsgygysevglvesgggsvgagdslrlscaasgrt
fgSTIRVGwErgtpgkerefvaATNRNDGTTY YADSVXGrftisrdnakntvymgmaslkpedr
avyycaaGLOYNRSADRVPVGAVYwoQgt vt vs s09ggsgggys ggggsggousgaaasggg
gsggggsevglvesgggsvgagdslrlscaasgrtfgSIRVGwE rqtpgkerefvaATNRNDG
TTYYADSVKGr ftisrdnakntvymgmaslkpedtavyycaaGLQYNRSADRVPVGAVYWOOY
tgvivss

4E6
fetra

evglvesgggsvgagdslrlscaasgrifgSIRVGwirgtpgkerefvaAINRNDGTTYYADS
VEGrftisrdnakntvymgmaslkpedtavyycaaGLOYNRSADRVPVGAVYwoQgtgvLvss
ggggsgygy sgggosggggsegggsagggsggggsevylvesgggsvgagdslriscaasgrt
fgSIRVGwIrqtpgkerefvaAINRNDGTTYYADSVRGrti srdnakntvymgmaslkpedt
avyycaaGLQYNRSADRVPVGAVIwgQyL Qv tvssggggsggggsggggsggggsggggsgayg
geggggsevglvesgggevgagdelrlacaasgrt FgSIRVGwE rgtpgkerefvaAINRNDG
TTYYADSVKGrtisrdnakntvymgmaslkpedtavyycaaGLOYNRSADRVPVGAVYwoqQg
tgvtvssggogsggggsggggsggggsggggsggggsgggosevglvesgggsvgagdslrls
caasgrtfgSIRVGwfrgtpgkere fvaAINRNDGTTYYADSVREGrftisrdnakntvymgma
slkpedtavyycaaGLOYNRSADRVPVGAVYwWoQOLgvivses

4EB
penta

evglvesgggsvgagdslrlscaasgrtfgSIRVGwErgtpgker efvaAINRNDGTTYYADS
VKGritisrdnakntvymngmaslkpedtavyycaaGLOYNRSADRVPVGAVYWOQOQLQVLYSS
5999sggggsg9ggsggggsggggsggggsggggsevglvesagggsvaagdslrlscaasgrt
fgSIRVGwErgtpgkerefvaATNRNDGTTYYADSVEGEf tisrdnakntvymamasikpedt
avyycaaGLOYNRSADRVPVGAVYwgggtqvivssgggasggggsgggg9sgqyesgydgsgygy
gsggggsevglvesgggavgagdslrlscaasgrifgSIRVGwirgtpgkerefvaAINRNDG
TTYYADSVKGr ftisrdnakntvymgmaslkpedtavyycaaGLOYNRSADRVPVGAVYWOQY
tgvtvssggggsggggsgg9gsgg9g9sggggs ggggsggggsevglvesgggsvgagdslirls
caasgrtf{gSIRVGwirgtpokerefvaAINRNDGTTYYADSVKGrftisrdnakntvymgma
s lkpedtavyycaaGLOYNRSADRVPVGAVYwggUt gVt vesgugyusguggsgadysagygsy
gggsgoggsggggsevqlvesgggsvaagdslrlscaaagrt fgSIRVGwE rgtpogkerefva
ATNRNDGTTYYADSVKGritisrdnakntvymgmaslkpedtavyycaaGLOYNRSADRVEVES
AVYwgggtgvtvss

TA12
tri

evglvesggglvgaggslrlscaasgri fsNYAMGwErqapgkerefvaALNWSGGSTYYVDS
VRGrftisrdnakntvylamnslkpedtavyycaarGSFSLEGGRPYGDDYwgkgtlvtvssgg
ggsgg0gsggygsggagsggggsggogeggagsevglvesggglvgaggslrlscaasgrtfs
NY2AMGwErgapgkerefvaALNWSGGSTYYVDSVEGr ftisrdnakntvylgmnglkpedtav
YycaaAGSFSLGGRPYGDDYwekgt lvivs sggggsggygsggggsggggs9gg9gsggaysyg
ggsevglvesgoglvgaggslrlscaasgrt £ sNYAMGwErgapgkere fvaALNWSGGSTYY
VDSVEGrftisrdnakntvylgmnslkpedtavyycaadGSFPSLGGRPYGDDYwokgt: lvtvs
S
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TA12
tetra

evglvesggglvgaggslrlscaasgrt fsNYAMOwIrqapgkerefvaALNWSGGSTYYVDS
VKGrftisrdnakntvylgmslkpedtavyycaaAGSFSLGGRPYGEDYwgkgt lvtvssgg
ggsggy9sygggsgygyysygygsyggygsggagsevglvesggglvgaggslrlscaasgrtis
NYAMGwirgapgkerefvaALNWSGGSTYYVDSVEGritisrdnakntvylgmns lkpedtav
yyoaaAGSFSLGGRPYGDDYwgkgtlvtvssguggsguausgyuggsgggygsgggasggaasygy
ggsevglvesggglvgaggslrlscaasgrt {sNYAMGwfrgapgkerefvaALNWSGGSTYY
VDSVKGrftisrdnakntvylgmnslkpedtavyycaaAGSFSLGGRPYGDDYwgkgt lvtvs
50999sg999sgggdsgegasqggasggggsggggsevglvesqggglvgaggslrlscaasgr
LLsNYAMGWErqapgkerefvaALNWSGGSTYYVDSVKGr ftisrdnakntvylgmslkped
tavyycaaAGSFSLGGRPYGCDDYwgkgt Ivtvss

10

TA12
penta

evglvesgygglvgaggslrlscaasgrt £sNYAMGwI rgapgkeref vaALNWSGGS TYYVDS
VKGrftisrdnakntvylgmslkpedtavyycaaAGSFSLGGRPYGDDYwgkgtlvivssgg
gUsggggsygggsgyagsgugysggggsggggsevglvesggglvgaggsirlscaasgrtis
NYAMGwErgapgkerefvaALNWSGGSTYYVDSVKGr ftisrdnakntvylqmns lkpedtay
yycaalAGSFSLGERPYGDDYwakat lvivssgggysgugysgggysagggsgaagsggaygsay
ggsevglvesggglvgaggslrlscaasgrt fsNYAMGwErgapgkerefvaALNWSGGSTYY
VDSVKGrftisrdnakntvylgmnslkpedtavyycaaAGSFSLEGRPYEDDYwgkgtlvtvs
59999 Sgg0gsSgggasggagsggggsggggsgggygsevglvesgygglvgaggslrlscaasgry
tfsNYAMGwErgapgker ef vaALNWSGGSTYYVDSVEGr £t isrdnakntvylgqmnslkped
tavyycaaAGSFSLGGRPYGDDYwgkgt lvtvssgggysggugsgggasygggysgayasaaay
sggggsevglivesggglvgaggslrlscaasgrtfsNYAMGwErgapgkeraf vaAlNW SGGS
TYYVDSVKGritisrdnakntvylgmslkpedtavyycaaAGSFSLGGRPYGDDYwgkgtlv
tvss

11

10F1
tri 9

evglvesggglvapggslriscaasgftfsRYWMYwvrgapgkglewvsAINSGGGDTYYRDS
VRErftisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMIVDPgaggtqutvss
ggggsgyggsevyglvesggglvapgyslrlscaasg it fsRYWMYwvrgapgkglewvshINSG
GEDTYYRDSVRGritisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMTVDPga
gotgvtvssggggsgggsevglvesggglvagpggslrlscaasgft fsRYWMMYwvrgapakgl
ewvsAINSGGGDI'YYRDSVRGrftisrdnfknt lylqmnslksedtavyycakAEGPPTFSLI
RTMTVDPgaggtagvtvss

12

10F1
tri 20

evglvesggglvgpggslrlscaasgftfsRYWMYwvrgapgkyglewvsAINSGGGDTYYRDS
VRGritisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMTVDPgaqggtgvtvss
gaggsgggasggggsggggsevglvesggglvgpggslrilscaasgft fsRYWMYwvrgapgk
glewvsAINSGGGDTYYRDSVRGr ftisrdnfkntlylgmnsl ksedtavyycakAEGPPTFS
LIRTMTVDPgaggLavtvssggagysggggsggggsggggsevglvesgygyglvagpyggslrlsca
asgftfsRYWMYwvrgapgkglewvsAINSGGGDTYYRDSVRGr ftisrdnfkntlylgmnsl
ksedtavyycakAEGPPTFSLIRTMTVDPgaqgtgvtvss

13

10F1
tri

evglvesggglvgpggslrlscaasgftEsRYWMYwvrgapokg lewvsAINSGGGDTYYRDS
VRGritisrdnfkntlylgmnsliksedtavyycakaEGPPTFSLIRTMTIVDPgaggtgvtvss
gUgYsgguyYsyggUsggegsyygasggggsggagsevglvesggglvapggslrlscaasgit
fESRYWMYwvrgapagkgl ewvsAINSGGGDTYYRDSVRGritisrdnfintlylgmslksedt
avyycakAEGPPTFSLIRTMTVDPgaggtqvivssgguysgodygsgggdgsgggusgaaasgag
gsggggsevglvesggglvapggslriscaasgftfsSRYWMYwWVrgapagkal ewvsAINSGGE
DTYYRDSVRGr ftisrdnfkntliylgmnslksedtavyycakAEGPPTFSLIRTMTVDPgagy
tgvitvss

14
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10F1
tetra

evglvesggglvgpagslrliscaasgft fsRYWMYwvrgapgkglewvsATNSGGEDTYYRDS
VRGritisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMTVDPgaqgtavtvss
ggg9g9sggggsggggsogggsggggsggggsggggsevglvesggglvapggslriscaasgft
£sRYWMYwvrgapgkglewvsAINSGEGDTYYRRSVRGrftisrdnfkntlylgmnslksedt
avyycakAEGPPTFSLIRTMIVDPgaqgtqvtvesggggsgoogsggggsgggegsggggsggy
gsgaggsevglvesggglvapggslrlscaasgftfsRYWMYwvrgapgkglewvsAINSGGE
DTYYRDSVRGrftisrdnfkntlylgmnslkesedtavyycakAEGPPTFSLIRTMTVDPgaqag
tQvtvssgagysggggsggagsggggsgggasggggsggggsevglvesggglvapggslrls
caasgftfsRYWMYwvrgapgkglewvsAINSGGGDTYYRDSVRGritisrdnfkntlylqgmn
slksedtavyycakAEGPPTFSLIRTMTVDEgaqotqvtvss

15

10F1
penta

evglvesggglvapggslrlscaasgf tfsRYWMYwvrgapgkgl ewvsAINSGGGDTYYRDS
VRGritisrdnfkntlylgmslksedtavyycakAEGPPTFSLIRTMTVDPgaggtgvtvss
ggggs9gggsggdysggggs ggggsggggsggggsevglvesggglvapggslrlscaasgtt
EsRYWMYwvrqapgkglewvsAINSGGGDTYYRDSVRGrfEisrdnfkntlylgmnsliksedt
avyycakAEGPPTFSLIRTMTVDPgaqgtavivesggagsggggsagggsggggsggdagsggg
gsggggsevglvesggglvapggslriscaasgftfsRYWMYwvrgapgkgl ewvsAINSGGG
DTYYRDSVRGritisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMIVDPgagy
tqvtvssggggsggggsggggsggggsggagsggggsggggsevglvesgagglvapggslrls
caasgft fsRYWMYwvrgapgkglewvsAINSGGGDTYYRDSVRGr ftisrdnfkntlylgmn
slksedtavyycakAEGPETF SLIRTMIVDPgaggtgvtvssggggsggggsggyggsggggsg
gggsggggsggggsevglvesggglvgpggslrlscaasgftfsRYWMYwvrgapgkglewvs
AINSGGGDTYYRDSVRGrftisrdnfkntlylgmnslksedtavyycakAEGPPTFSLIRTMT
VDPgaggtgvivss

16

11D1
tri

evaglvesggglvgpggslrlscaasgsidsINNMGwyrgapagkgrelvaEITPRGRTNYADSE
KSrftisrdnakrtvnlgmslkpedtavyyenaEVRERGTSWYREDYwggatgvtvssgggyg
5ggggsgUagsagggsggggsggggsggggsevglvesggglvagpggslrlscaasgsidsIN
NMGwyrgapgkarelvaEITPRGRTNYADSEKSrftisrdnakrtvnlgmnslkpedtavyyc
naEVRERGTSWYRPDYwgqgtqvtvssgyggsggdggsggggs ggggsggagsggggsggggse
vglvesggglvapggslylscaasgsidsINNMGwyrgapgkgrelvaBTTPRGRTNYADSEK
SrftisrdnakrtvnlgmslikpedtavyycnaEVRERGTSWYRPDYwgqgtgvtvss

17

11D1
tetra

evglvesggglvapggslrlscaasgsidsINNMGwyrgapgkarelvaEITPRGRTNY ADSE
KSrftisrdnakrtvnlgmslkpedtavyyenaEVRERGTSWYRPDYwgggtavivssgggg
8ggggsyggysygyysgyggusggggsggagsevglvesggglvgpggslrlscaasgsidsIN
WMGwyrgapgkqrelvaEI TPRGRTHYADSEKSrftisrdnakrtvnlgmnslkpedtavyye
naEVRERGTSWYRFDYwgqgt gqvtvesggggsggggsogggsggggsggggsggggsggggse
vglvesggglvgpggslirlscaasgsidsINNMGwyrgapgkaqrelvaEITPRGRTNYADSEK
SrftisrdnakrtvnlgmslkpedtavyyenaEVRERGTSWYRPDYwgggtgvtvssggggs
ggggsggggsggggsggggsggggsggggsevylvesggglvapggsiriscaasgsidsINN
MGwyrqapgkgqrelvaEI TPRGRTNYADSEKSrftisrdnakrtvnligmslkpedtavyyen
aBVRERGTSWYRPDYwgqatgutvss

18

11D1
penta

evglvesggglvgpggslrlscaasgsids INNMGwyrgapgkgrelvaEITPRGRINYADSE
KSrftisrdnakrtvnlgmnslkpedtavyycnaEVRERGTSWYRPDYwgggtgvtvssgggy
sggggsgggysggggsgdgasyugygsgygasevglvesggglvapggslrlscaasgsidsIN
NMGwyrgapgkarelvaEITPRGRTNYADSEKSrftisrdnakrtvnlgmnslkpedtavyyc
naEVRERGTSWYRPDYwgqgtqvtvssggggsggggsggggsggggsggggsggggsggggse
vglvesggglvagpggslrlscaasgsidsTNNMGwyrgapgkgrelvaBITPRGRTNYADSER
grftisrdnakrtvnlgmslkpedtavyycnaEBVRERGTSWYRPDYwgggtgvtvs sggggs
g9ggsggggsggggsggggsggggsggagsevglvesggglvapggslrlscaasgsidsINN
Mowyrgapgkarel vaEITPRGRTNYADSEKSrftisrdnakrtvnlgmnslkpedtavyyen
aEVRERGTSWYRPDYwgagtqgvtvssgggasggggsggggs gaggsggggsggggsggggsev
glvesggglvagpggslriscaasgsids INNMGwyrqapgkgqrelvaEI TPRGRTNYADSEKS
rEftisrdnakrtvnlgunslkpedtavyyonaBVRERGTSWYRPDYwggotgvivss

19
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11H6
tri

evglvesggglvapggslrlscaasgt £ dkINNMGwyrgapgkgrdlvaQI TPGGITDYADSY
KGritisrdnakdtmylqmnslkpedtavyfcnaEILKRAYIDVYVNYwgggtavtvssgggg
Sg99Usgggysggagsggugsggggsggggsevyglvesggglvapggslirliscaasgt fdk N
NMGwy rgapgkqgrdlvaQITPGGITDYADSVKGE ftisrdnakdtmylgmslkpedtavyte
naEILKRAYIDVYVNYwgqotavtvssggogsggggsggggsagagsgagasggagsggggse
vglvesggglvgpggslrlscaasgbTdkINNMGWY Y qapgkaqrdlvaQlTPGGITDYADSVE
GritisrdnakdtmylgmnslkpedtavyfcnakEILKRAYIDVYUNYwgQgtqvtvss

20

11H6
tetra

evaglvesggglvapggslrlscaasgt dkINNMGwyrgapgkgrdlvaQIiTPGGITDYADSV
KGritisrdnakdtmylgmnslkpedtavyfonaEILKRAYIDVYVNYwgqQgtavivssgggag
5gg9gsgugesgaggsgggasgggysggggsevglvesggyglvapggslrlscaasgt Ak TH
NMGwyrgapgkgrdlvaQITPGGITDYADSVKGrftisrdnakdtnylgmsikpedtavylc
naEILKRAYIDVYVNYwgQgtgqvtvssgggesaggosggugsggagsadygsggggsggggse
vglvesggglvapggslrlscaasgt fdkINNMGwyrgapgkqrdlvaQI TPGGITDYADSVK
GrfitisrdnakdtmylgmnslkpedtavyfonaEILKRAYIDVYVNYwgQgtgvtvssgggys
gg9ggsogggsggggsgyggsgyggsggggsevglvesggglvgpggslrlscaasgt AR TNN
MGwyrgapgkgrdl vaQITPGGITDYADSVKGritisrdnakdtmylgmnslkpedtavyicn
aEILKRAYIDVYVNYwgggtqvtvss

21

11HG6
penia

evglvesggglvupggslriscaasgt fdkINNMGwyrgapgkardlvaQlTPGGITDYADSY
KGritisrdnakdcmylgmnslkpedtavyfecnaEILKRAYIDVYVNYWgQotQvEvssgggy
5ggg9gsggygsggugsgggygsggggsggggsevalvesggglvapggslrlscaasgt £dkIN
NMGwyT qapgkqrdlvaQITPGEITDYADSVKGrftisrdnakdtmylgmnslkpedtavyfe
naBILKRAYIDVYVNYwgQgtqvtvesgoggsggdgs9gg9sggdasggggsagggsggggse
vaglvesggglvapggslrlscaasgt fAkINNMGwyrgapgkardlvalITRPGGITDYADSVK
GritisrdnakdtmylgmnslkpedtavyfcnaEILKRAYIDVYVNYwgQgtqvtvssggggs
g999sdg9g95999gsggggsggggsggggsevalvesggglvapggslrlscaasgt EAkINN
MGwyrgqapgkqrdilvaQITPGGITDYARSVKGr ftisrdnakdtmylaqmnslkpedtavyfeon
AEILKRAYIDVYVHYwgagtqvtvssggygsggggsgyggsggggsgggasgugysggggsey
glvesggglvgpggslrlscaasgtidkINNMGwyrgapgkqrdlvaQIl TPGGI TDYADSVKG
ritisrdnakdtmylgmnslkpedtavyfcnaEI LKRAYIDVYVNYwgQgtQvtvss

22

Link 1

goggsygg99sg99995999959999sg9995s999g9s

23

Link 2

g9995ggggsggygsggggs

24

Link 3

gaggsgggs

25

Link 4

GGGGS

81

Link 5

GGGS

82

11H6a
tetra2

evglvesggglvgpggslrlscaasgt £k INNMGwyYrgapgkqrdlvaQITPGCITDYADSY
KGrftisrdnakdtmqumnslkpedtavyfcnaEILKRAYIDVYVNngqgtqvtvssgggg
5¢g99sgg9ygsggddsuyggsouggsggggsevagl lesggglvapggslrlscaasgt £dkiN
NMGwyrqapgkgrdlvaQITPGGITDYADRSVKGrftisrdnakdtmylgmnslkpedtavyfe
naEILKRAYIDVYVNYwgqgtgvtvssggggsggggsggg9sggaogsgagysggggsggggse
valvesggglvgpggslrlscaasgt fdkINNMGwyrgapagkardlvaQITPGGITDYADSVK
GrftisrdnakdtmylgmnslkpedtavyfcenaEILKRAYIDVYVNYwWgQQtqvivssggggs
g999sguggsgyggsgggysggggsggugsevgl lesggglvapggslrlscaasgt £dkTNN
MGwyrqapgkgrdlvaQITEGGITDYADSVEGritisrdnakdtmylaqmnslkpedtavyfcn
aEILKRAYIDVYVNYWCQQtqvtvss

88

Tag1

EQKLISEEDLN

a1

Tag?2

HHHHHH

92

Tag3

AAARQKLISEEDLNGAAHHHHHH

93

Tag4

GAAEQKLT SEEDLNGAAHHHHHH

Tagh

GGGC

95
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Human Optimized Nucleotide (NT) and Polypeptide (AA) Sequences

Name

Sequence

1D:

4E6 hu
(AA)

evgllesggglvgpggslrlscaasgrt£gSIRVGwrgapgkgrefvsAINRNDGTTYYADS
VKGrftisrdnskntvylgmnslrpedtavyycaaGLOYNRAADRVPVGAVYwgggtlvtvss

26

4E6 hu
trimer
(AA)

EVQLLESGGGLVOPGGSLRLSCAASGRTYFGS IRVGWFROAPGKGREFVSAINRNDGTTY YADS
VEKGRFTISRDNSENTVYLOMNSLRPEDTAVY YCAMGLOYNRAADRVPVGAVYWGQGTLVIVSS
GGGGSGGEGSGREGSGEEGSGGEGSGGEGSGEEGSEVQLLESGEELVQPGGSLRLSCAASGRT
FGSIRVGWFRQAPGKGREFVSAINRNDGTTYYADSVKGRFTISRONSKNTVYLOMNSLRPEDT
AVY YCARGLOYNRAADRVPVGAVYWGOGTLVTVSSGGEGSGEGGSGEGGSGGEGEGREESEEE
GSGGGGSEVOLLESGGGLVIPGGSLRLSCAASGRTFGS TRVGWFRQAPGKGREFVSAINRNDG
TTYYADSVEGRFTISRONSKNTVYLOMNSLRPEDTAVYYCAAGLOYNRAADRVPVGAVYWGQG
TLYTVSS

27

4EG hu
tetramer
(AA)

EVQLLESGGGLVQPGGSLRLSCAASGRTFGS IRVGWFRQAPGKGREFVSAINRNDGTTY YADS
VKGRFTISRDNSKNTVYLOMNSLRPEDTAVY YCAAGLOYNRAADRVPVGAVYWGQGTLVTVSS
GGGGEEGEEESEEEESEEEE5GEEGSGGEESGEEESEVQLLESGEGLVQPGGSLRLSCAASGRT
FGSIRVGWFROAPGKGREFVSAINRNDGTTYYADSVKGRFTI SRDNSKNTVYLOMNSL.RPEDT
AVYYCAAGLOYNRAADRVPVGAVYWGOGTLVTVSSGEGGSGGEESGGGGSGEEESGEEGEGGE
GEGGEGSEVQLLESGEGLVIPGGSLRLSCAASGRTFGS IRVGWFROAPGKGREFVSATNRNDG
TTYYADSVKGRFTI SRDNSKNTVYLOMNSLEPEDTAVYYCAAGLOYNRABDRVPVGAVYWGOG
TLVTVSSGEGGSEEEGESEEGESEEEESEEEGSGEEGSGEGGSEVOLLESGGELVOPGGSLRLS
CAASGRTFGSIRVGWFRQAPGKGREFVSATNRNDGTTYYAD SVKGRFTISRODNSENTVYLOMN
SLRPEDTAVYYCAAGLQYNRAADRVPVGAVYWGQGTLVTVSS

28

4E6 hu
pentamer
(AA)

EVQLLESGGGLVOPGGSLRLSCAASGRTFGSIRVGWF ROAPGKGREFVSATINRNDGTTY YADS
VKGRFTISRDNSKNTVYLOMNSLRPEDTAVY YCAAGLOYNRAADRYPVGAVYWGOGTLVTVSS
GGEGSGEEESGGEESGEEGSEEEESEEEE SCEGGSEVQLLE SGGGLYVQPGGSLRLSCAASGRT
FGSIRVGWFRQAPGKGREFVSAINRNDGTTY YADSVKGRFT I SRONSKNTVYLOMNSLRPEDT
AVYYCAAGLOYNRAADRVPVGAVYWEOGETLVTVSSGGGGSGGGEESGGEESEGEGSGERESGEE
GEGEGEGSEVOLLESGGGLVOPGGSLRLSCAASGRTFGSIRVGWFRQAPGKGREFVSAINRNDG
TTYYADSVKGRFTISRONSKNTVYLOMNSLRPEDTAVYYCAAGLOYNRAADRVPVGAVYWGOG
TLVTVSSGEEESGECGESGEEESGEGESGEECSGEGESGEEESEVOLLESGEGLVOPGGSLRLS
CAASGRTFGSIRVGWFROAPGKGREFVSAINRNDGTTYYADSVEGRFTI SRONSKNTVY LOMIN
SLRPEDTAVYYCAAGLQYNRAADRVPVGAVYWGQGTLVTVS 5GGGGSGGEGE5GEGGEGEGEESE
GGGSGGEGSGEEESEVOLLESGGELVQPEGSLRLSCAASGRTFGSIRVGWFRQAPGKGREFVS
AINRNDGTTYYADSVEGRFTISRDNSKENTVYLOMNSLRPEDTAVY YCAAGLOYNRAADRVPVG
AVYWGQGTLVTVSS

29

4E8 hu
Monomer
(NT)

gaggtgoagetgetggagtetggeggeggactggtgeagectggeggetecetgagactgtectgegeeg
cctecggecggacctteggetecatcagagtgggeotggttecggeaggecectggeaagggeegggagtt
cgegtecgecatecaaccggaacgacggcaccacctactacgecgacteecgtgaagggecggttcaccate
teeccgggacaactccaagaacaccgtgtacctgcagatgaactecectgeggoocgaggacacegeegtgt
actactgecgeogetggectgcaghtacaacagagoccgecgacagagtgectgtoggegetgtgtactyagg
ccagggeaccctggtgaccgtgtectet

96
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4E86 hu
Monomer
(NT)

gaggtgcagectgetggagtctggeggeggactggtgecagectggeoggetecctgagactgtectgegecg
cetecggecggacettegygebecatcagagtggac tggttecggeaggecectggcaagggecgggagtt
cgtgtecgocatcaaccoggaacgacggeaccacctactacgeegacteegtgaagggecggttcaccate
tccocgggacaactcocaagaacaccgtgtacctgeagatgaactcoctgoggecegaggacaccgeegigh
actactgegacgetggoctgecagtacaacagagecgecgacagagtgcckgtgggegetgtgtactgggyg
ccagggcaccctggtgacegtgtectetggeggeggaggatotagagggggaggaageggecggaggagga
tetggeggeggaggaagtgggggcggagggagtggeggagg tggaagrggtggagggggcagegaggtye
agctgetggagagoggeggaggactggtgecagecaggeggatetetgegectgagetgegecgecagegy
cagaaccttbggcagcatccgegtgggatggttecagacaggct ccecggaaagggacgegagbttgtgtet
gctatcaatcgcaatgatggcaccacatactatgetgatagegtgaagggaagattcaccatcageoygey
acaatagcaagaatacagtgtatctgeagatgaatagectgegeccagaggatacagetgtgbattacty
tgebgeoggactgeagtataacegggetgecgategggtgecegtgggagecgbigtattggggacaggga
acactggtgacagtgtectetggeggcggaggatctgggagtgycggatetggoygeggaggaageggtyg
gcggaggatetggcggeggaggaageggagggggaggatetggeggeggaggatetgaggtgcagetget
ggagtccggecggaggactggtgocageccaggeggecagectgeggetgtettgegecget tetggecagaaca
ttcggctctatocgegtgggetggtttaggecaggcteccaggecaagggacgegagttcgtgagegetatea
acagaaacgatggcacaacctattatgctgatictgtgaagggecaggtttacaatcageagggataattc
taagaataccgtgtacectgecagatgaactetctgaggccagaggatacegetgtgtactattgegetgee
ggcctgeagtataatagggecgetgacogegtgecagtgggegeegtgtattggggecagaggeaccctgyg
tgyacagtgtectetggeggaggtggcageggeggtggeggatotggeggeggaggaagtgggagoggagd
atctggeggcggaggaageggeggagggggatetggeggeggaggatctgaggtgoagetgetggagtet
ggcggaggactggtgcagectggcgaaagectgagactgagetgtgetgetbectggecgeaccttcggaa
geatcagagtgggatggtttogecaggcteccaggaaagggaecgggagtiegbetetgotatcaatagaaa
tgacggaacaacatattacgccgacagcgtgaagggacgetittacaatctetagggataacagcaagaac
accgtgtatetgecagatgaacagectgeggocegaggatacocgeegtgtattattgtgecgectbggactge
agtacaatcgggocgctgatagaghgccktgtgggagoecgtgtactggggecagggecacactggtgacagt
gtotage

97

11H6 hu
(AA)

evgllesggglvapggslrlscaasgtfdkINNMGwyrqapgkqrdlvaQITPGGITDYADSV
KGrftisrdnskntlylgmslirpedtavyycnaEILKRAYIDVYVNYwgagtivtvss

30

11HE6 hu
trimer
(AA)

EVQLLESGGGLVQPGGSLRLSCAASGTFDK INNMGWY RQAPGKORDLVAQITPGGITDYADSV
KGRFTISRDNSKNTLYLOMNSLRPEDTAVYYCNAEILKRAYIDVYVNYWGQGTLVTVSSGGGG
SGGEGS5EGEGSGEEESGGEESGHEEGSGEEGSEVOLLESGGGLVQPGGSLRLSCAASGTFDKIN
WMGWY RQAPGRQRDLVAQITPGGITDYADSVKGRFT I SRDNSKNT LYLOMNSLRPEDTAVY YU
NAEILKRAYIDVYVNYWGQGTLVIVSSGGCGESCEGEEGEEESGEGEGSGGGGSGEEGSGEEGSE
VQLLESGGGLVQPGGSLRLECAASGTFDKINNMGWYRQAPGKQRDLVAQITPGGITDYADSVK
GRFTISRDNSKNTLYLOMNSLRPEDTAVY YCNAEX LKRAYIDVYVNYWGOGTLVTVES

31

11HE6 hu
tetramer
{AA)

EVQLLESGGGLVQPGGSLRLSCAASGTFDKINNMGWY RQAPGKQRDLVAQITPGGITDYADSV
KGRFTISRDNSKNTLYLOMNSLRPEDTAVY YCNAETLKRAY IDVYVNYWGQGTLVTVSSGGGGE
SGGEGSGEEGESGEEGSEEEESGEEESGGEESEVOLLESGGGLYQPGGSLRLSCAASGTFDKIN
NMGWYRQAPGKORDLVAQITPGGITDYADSVKGRFTI SRDNSKNTLYLOMNSLRPEDTAVYYC
NAEILKRAYIDVYVNYWGOGTLVTVSSGGGGSGEGGSGGGGESGEEESGEEGSGGEGSGGGGSE
VQLLESGGGLVQPGGSLRLSCAASGTF DKINMMGW Y RQAPGKORDLVAQITPGGITDYADSVK
GRFTISRDNSKNTLYLOMNSLRPEDTAVY YCNAEI LKRAYIDVYVNYWGQGTLVTVSSGGGGS
GGGGSGGGGSGEGESGGEEGESGGEGESGGEESEVOLLESGGGLVQPCGSLRLECAASGTF DKINN
MGWY ROAPGKQRDLVAQITPGGITDYADSVKGRFTISRDNSKNTLYLOMNSLRPEDTAVYYCN

AEILKRAYIDVYVNYWEQGTLVIVSS

32
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11H6 hu
pentamer
(AA}

EVQLLESGGGLVQPGGSLRLSCAASGTF DK INNMGWY RQAPGRORDLVAQITPGGITDYAD SV
KGRFTISRDNSKNTLYLOMNSLRPEDTAVYYCNARILKRAY IDVYVNYWGRGTLVTVSSGGGE
SGGEGSEGEESGGEESGGEEEESGGEGSGEEESEVQLLESGGGLVQPCGSLRLSCAASGTFDEIN
NMGWYRQAPGKORDLVAQITPGCGITDYADSVKGRFTISRDNSKNTLYLOMNSLRPEDTAVYYC
NAEILKRAYIDVYVNYWGQGTLVTVSSGGGGSGRGGSGGGEGESGEEGEEGGEESGEEGSCEGGSE
VOLLESGGGLVQPGGSLRLSCAASGTFDEINNMGWY RQAPGKORDLVAQITPGGITDYADSVK
GRFTISRDNSKENTLY LOMNSLRPEDTAVY YCNAEILKRAYIDVYVNYWGQGTLVTVSSGGGEGS
GGGESGEEGSGEEESCEEGSGEEESGGEGSEVQLLESGGELVQPGGSLRLSCAASGTFDKINN
MGWYRQAPGKQRDLVAQITPGGITDYADSVKGRFTISRDNSKNTLYLOMNSLRPEDTAVYYCN
ABRTILKRAY IDVYVNYWGQGTLVTVS SGGGEESGEEEEGEEES GGG SGEEESGEGESGEGGEEV
QLLESGGGLVQPGGSLRLSCAASGTF DKINNMGWYRQAPGKORDLVAQITPGGITDYADSVRG
RETISRDNSKNTLYLOMNSLRPEDTAVYYCNAEILKRAY IDVYVNYWGDGTLVIVSS

33

11H6 hu
{NT)

gaggtgcagetgetggagtetggeggeggactggtgecageoctyggeggeteccbgagactgteoctgegeeg

monomer jcctecggecaccttegacaagatcaacaacatgggetggtacaggeaggeccctggecaagcagagggacet

ggtggcceagatcaccectggeggeatecacegactacgecgacteegtgaagggecggeicacecatetae
cgggacaactecaagaacaccetgtacctgragatgaactecctgeggeccgaggacacegoecgtgtact
actgcaacgecgagatectgaagegyggectacategacghgtacgtgaactactggggecagggeacect
ggtgaccgtgtcetet

o8

11H6 hu
tetramer
(NT}

gaggtgcagctgeotggagtctggeggeggactyggtgcagectggeggeteee tgagactgtectgegecy
ccteoecggeaccttcgacaagatcaacaacatgggetggtacaggeagyeccectygeaageagagggacet
ggtggeccagatcaccectggeggeateaccgactacgecgactecgigaagggecggttcaccatetee
cgggacaactcecaagaacaccctgtacctgcagatgaactecctgeggeccgaggacacegecgbgtact
actgcaacgccgagatcctgaagcgdgcctacatcgacgtgtacgtgaactactggggccagggcaccct
ggtgaccgtgtecteotggeggeggaggatetggagggggaggaageggcggaggaggatetggeggegga
ggaagtgggggcggagggagtggcggaggtggaagtagtggaggaggcagegaggtgecagetgetggaga
geggeggaggactggtygcagecaggeggatetebgegectgagetgogeegecagegygeacak ttgataa
gateaataatatgggatggtategecaggctocaggcaageagegegaketggbggetcagakcacacea
ggceggaatcacagattatgecgatagegtgaagggaagatbcaccatcagecegegacaatagecaagaata
cactgtatctgeagatgaatagectgegeccagaggakbtacagetgtgbakttactgtaatgetgagatcet
gaagcgcgcttatategatgtgtatgtgaattabttggggacagggaacactggbgacagtgtoectetgge
ggrggaggatetgggggtageggatetggeggeggaggaageggtggeggaggatetggeggeggaggaa
geggaggygggaggatetggeggeggaggatetgaggtgcagetgctggagtecggeggaggactggtgea
gccaggcggcagectgeggetgtettgegecgettetggcacetiegataagatcaacaatatgggatgy
tacagacaggeteceggaaagcagegyggatetggtggocccagatcaceccagdcggeatcacagaktacg
ctgattetgtgaagggeaggtttacaatcagecagyggataattctaagaataccetgtacctgeagatgaa
ctectctgaggecagaggataccgetgtgtactattgtaacgeccgagatcctgaagagggetbtacategat
gtgtacgtgaattattdgggccagggcaccctggtgacagtgtectctggeggaggtagcageggeggtg
gcggatctggeggcggaggaagbgggggcggaggatcggcggcggaggaagedygcagaggyggatctgg
cggcggaggatctgaggtgeagetgcbggagtcggcggaggactggtgcagectggeoggaagectgaga
ctgagctgtgetgettetggecaccitegacaagatcaataatatgggetggiatagacaggecccaggaa
adgecagagdgacctggtegctcagateacacceggeggastcacegactacgetgacageygtgaagggacyg
ctttacaatctectagggataacagcaagaacaceetgtatctgcagataacagectgoggeecgaggat
accgecgtgtattattgeaatgctgagatectgaagagggectatategacgtgtatgtgaattactggg
gccagggeacactggtgacagtgtoctet

98

Table 4: Sequences for CDRs and frameworks, plus preferred combinations as

provide

d in for formula |, namely FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4

Clone

FR1 ID EDR1 | ID FR2 D

TA12

evglvesggglvgaggslrlscaasgrtfs | 34 NYAMG | 41 wfrgapgkerefva 4

5

EB hu

levgll esggglvapggslrlscaasgrtfg| 35 [SIRVG | 42 wirgapgkgrefvs 4

6

MES

aevglvesgggsvgagdslrlscaasgrtfg| 36 [SIRVG | 42 bfrqtpgkerefva 4

7

11HE hu

eval lesggglvapggslrlscaasgt fdk | 37 [INNMG | 43 hyrqapgqudlva 4

8

11H6

evglvesggglvgpggslrlscaasgtfdk | 38 [INNMG | 43 hyrqapgqudlva 4

B

11D1

evglvesggglvapggslrlscaasgsids | 39 [INNMG | 43 hyrqapgquelva 49
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]19F1 Iqulvesggglvqugs lrlscaasgftfs ' 40 iRYm&Y | 44 [wvrqapgkglewvs [ 50
Table 4 {(cont.)
Clone CDR2 b [FrR3 ID
TA12 ALNWSGGSTYYVDSVKG 51 [ritisrdnakntvylgunslikpedtavyycaa | 56
4E6 hu B ITNRNDGTTYYADSVKG 52 [|rftisrdnskntvylgmnslrpedtavyycaa | 57
4F6 B INRNDGTTY YADSVKG 52 |rftisrdnakntvymgmaslkpedtavyycaa | 58
11H6 hu  [QITPGGITDYADSVEG 53 |rftisrdnskntlylgunslrpedtavyvycna | 59
11H6 QNITPGGITDYADSVKG 53 jritisrdnakdtmylgmnslkpedtavyfcna | 60
11D1 EITPRGRTNYADSEKS 54 [rftisrdnakrtvnlgmmsikpedtavyycna | 61
t0F1 AINSGGGDTYYRDSVRG 55 @rfrisrdnfkntlylgmnslksedtavyycak | 62
Table 4 (cont.)
Clone COR3 D |FR4 ID
7TA12 AGSFSLGGRPYGDDY 63 lgkgtlvtvss 69
MEG hu GLOYNRAADRVEVGAVY 64 wogggtlvtvss 70
ME6 GLOYNRSADRVPVGAVY 65 [oggtqvtvss 71
11iH6 hu  |[EILKRAYIDVYVNY 66 Wgggtlvtvss ‘70
11H6 EILKRAYIDVYVNY 66 lwgggtgvtvss 71
14D1 EVRERGTSWYRPDY 67 fggotgvtvss 71
10F1 AEGPPTEFSLIRTMIVDP 68 [paggtavtvss 72
[0051] Further aspects of the NB agents of the invention are provided below.
[0052] The compounds, {(monovalent or multivalent) polypeptides and compositions

described herein may be such that they bind DRS but not to the binding site of TRAIL on
the DRS, and/or may be such that they do not compete with TRAIL for binding to the DRS5.

Such compounds and polypeptides may be such that their binding to the DRS induces,

triggers, increases or enhances the signaling mediated by the DR5, and in particular

triggers or induces apoptosis in the cell on which the DRS is present. Such compounds

and polypeptides may also be such that they increase or enhance the signaling that is
mediated by TRAIL and the DRS upon binding of TRAIL to its receptor. According {o this
aspect, binding of both TRAIL as well as the compounds/polypeptides described herein to

the same receptor may lead to a synergistic effect on such signaling.

[0053)]

In one specific aspect, the compounds and polypeptides described herein are

multimeric compounds and polypeptides (as described herein) directed against DRS. In

particular, the compounds and polypeptides described herein may be multimeric

polypeptides that are capable of multimerizing DR5 on a cell membrane and as such are

capable of inducing, triggering, increasing or enhancing the signaling mediated by the

DR5, and more in particular of triggering or inducing apoptosis in the cell on which the DR5
is present. In one embodiment, such monomeric or multimeric compounds or polypeptides
disclosed herein may bind DR5S at or near the binding site of TRAIL on the DR5, and/or
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may compete with TRAIL for binding o DR5. In one embodiment, they do not bind to the
binging site for TRAIL on the DR5, essentially do not hinder or prevent binding of TRAIL to
the DR5, and/or do not compete with TRAIL for binding to the DR5, and even be such that
they increase or enhance the signaling that is mediated by TRAIL and the DR5 upon
binding of TRAIL to its receptor (which may again resuit in a synergistic effect upon the
signaling mediated by the DR5). In one embodiment, the amino acid sequence contains a
portion derived from naturally occurring TRAIL ligand, i.e., it comprises a segment made
up of a natural TRAIL ligand polypeptide or any TRAIL-receptor binding fragment of such
TRAIL-ligand.

[0054] The polypeptides and compositions of the present invention can be used for
the prevention and treatment of diseases and disorders associated with DR5. Specifically,
“diseases and disorders associated with DRS" are defined as those that can be prevented
and/or treated, respectively, by suitably administering to a subject in need thereof (i.e.,
having the disease or disorder or at least one symptom thereof and/or at risk of attracting
or developing the disease or disorder) of either a polypeptide or composition of the
invention (and in particular, of a pharmaceutically active amount thereof) andfor of a known
active principle active against DRS or a biclogical pathway or mechanism in which DRS is
involved {and in particular, of a pharmaceutically active amount thereof), which resulis in
the modulation, i.e., agonism or antagonism, of DN5-mediated signaling. As listed below,
diseases and disorders treatable by the induction of apoptosis in the cell or tissue targetted
in the disease are particularly included herein as being associated with DR5.

[0055] Diseases and disorders associated with DRE may in particular be diseases and
disorders that can be treated by triggering, initiating, increasing or enhancing the signaling,
mechanisms, responses and effects in which a DR5 is involved (in other words, by
effecting an agonistic effect on a DR5 or on DR5 mediated signaling). More in particular,
diseases and disorders associated with DRS may be diseases and disorders that can be
treated by triggering, initiating, increasing or enhancing cell apoptosis in one or more cells
or tissues in the subject to be treated.

[0056]) In one embodiment, ithe NB agents of the invention are agonists of the TRAIL
receptors DR5, having the potential to be used in therapy against a wide range of diseases
associated with DR5. Examples of diseases and disorders associated with DRS will be
clear to the skilled person based on the disciosure herein. In one embodiment, inventive
NB agents have utility in the treatment of proliferative diseases including, e.g., cancers
such as solid tumors, primary and metastatic cancers such as renal cell carcinoma, and
cancers of the lung (e.g., small cell lung cancer “SCLC™ and non-small cell lung cancer
“NSCLC"), pancreas, hematopoietic malignancy, glioma, astrocytoma, mesothelioma,
colorectal cancers, prostate cancer, osteosarcoma, melanoma, lymphoma (including but
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not limited to Burkiit's Lymphoma), breast cancer, endometrial cancer, liver cancer, gastric
cancer, skin cancer, ovarian cancer and squamous cell cancers of any origin (e.g., lung,
head and neck, breast, thyroid, cervix, skin, esophageal, etc.), as well as liquid cancers,
e.g., such as leukemias including especially a T-cell leukemia such as acute T-cell
leukemia (T-ALL), acute B-cell leukemia (B-ALL), chronic myelogenous leukemia (CML),
acute rhyelogenous leukemia (AML), plasma cell myeloma and multiple myeloma (MM). In
one embodiment, the inventive NB agents have uiiity in the treatment of non-cancer
indications including, but not limited to, e.g., inflammatory and autoimmune diseases, such
as systemic lupus erythematosus, Hashimoto’s disease, rheumatoid arthritis, graft-versus-
host disease, Sjogren’s syndrome, pernicious anemia, Addison disease, scleroderma,
Goodpasture's syndrome, Crohn's disease, autoimmune hemolytic anemia, sterility,
myasthenia gravis, multiple sclercsis, Basedow's disease, thrombeotic throbocytopenia,
thromboepenia purpurea, insulin-dependent diabetes meliitus, allergy; asthma, atopic
disease; arteriosclerosis; myocarditis; cardiomyopathy; globerula nephritis; and hypoplastic
anemia.

[0057] Thus, without being limited thereto, the amino acid sequences and
polypeptides of the invention can, e.g., be used to prevent and/or to treat all diseases and
disorders that are currently being prevented or treated with active principies that can
modulate DR5-mediated signaling, such as those mentioned herein and in the art
references cited. In one embodiment the polypeptides of the invention can be used to
prevent and/or to treat all diseases and disorders for which treatment with such active
principles is currently being developed, has been proposed, or will be proposed or
deveioped in future. In one embodiment, it is envisaged that, because of their favorable
properties as further described herein, the polypeptides herein may be used for the
prevention and treatment of other diseases and disorders than those for which these
known active principles are being used or will be proposed or developed; and/or that the
polypeptides of the present invention may provide new methods and regimens for treating
the diseases and disorders described herein.

[0058] Other applications and uses of the amino acid sequences and polypeptides of
the invention will become clear to the skilled person from the further disclosure herein.
[0059] in one embodiment, the invention provides pharmacologically active agents, as
well as compositions comprising the same (whether or not complete polypeptides as
described herein, and / or fragments and/or multimetic variants of said polypeptides or
fragment, all of which are broadly referred to herein as “inventive compositions"), that can
be used in the diagnosis, prevention and/or treatment of diseases and disorders
associated with DR5 and of the further diseases and disorders mentioned herein; and to
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provide methods for the diagnosis, prevention and/or freatment of such diseases and
disorders that involve the administration andfor use of such agents and compositions.
[0060] In one embodiment the invention provides such pharmacolegically active
agents, compositions andfor methods that have certain advantages compared to the
agents, compositions and/or methods that are currently used and/or known in the art.
These advantages will become clear from the further description below.

[0061] In one embodiment, the invention provides amino acid sequences that are
directed against DRS5, in particular against DR5 from a warm-blooded animal, more in
particular against DRS5 from a mammal, and especially against human DR5; and to provide
proteins and polypeptides comprising or essentially consisting of at least one such amino
acid sequence.

[0062] In one embodiment the invention provides such amino acid sequences and
such proteins andfor polypeptides that are suitable for prophylactic, therapeutic andfor
diagnostic use in a warm-blooded animal, and in particular in a mammal, and especially in
a human being. _

{0063] In one embodiment the invention proizides such amino acid sequences and
such proteins and/or polypeptides that can be used for the prevention, treatment,
alleviation and/or diagnosis of one or more diseases, disorders or conditions associated
with DR5 and/or mediated by DR5 {such as the diseases, disorders and conditions
mentioned herein) in a warm-blooded animal, in particular in a mammal, and more in
particutar in a human being.

{0064] In one embodiment the invention provides such inventive compositions that for
use in the preparation of pharmaceutical or veterinary compositions for the prevention
and/or treatment of one or more diseases, disorders or conditions associated with and/or
mediated by DR5 (such as the diseases, disorders and conditions mentioned herein) in a
warm-hlooded animal, in particular in @ mammal, and more in particular in & human being.
[0065] In one embodiment, the invention provides inventive compositions that are
directed against and/or can specifically bind to DR5; as well as compounds and constructs,
and in particular proteins and polypeptides, that comprise at least one such amino acid
sequence. More specifically, the invention provides amino acid sequences that can
specifically bind to DR5 cell surface receptor as e.9., defined with the accession number
“BAA33723" to be found at e.g. the NCBI protein database. In particular, the invention
provides amino acid sequences that can specifically bind to DR5 cell surface receptor as
e.g. defined with the accession number “BAA33723" to be found at e.g. the NCBI protein
database and that does not bind to at least ancther TRAIL-receptor, such as TRAIL-R3
and TRAIL-R4. A short from splice variant of human DRS s also known (GenBank entry
NP_B671716).
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[0066] In one embodiment, the invention provides amino acid sequences that can
bind to DR5 with an affinity (suitably measured and/or expressed as a Kp-value (actual or
apparent), a Ka-value (actual or apparent), a ky-rate andfor a keg-rate, or alternatively as
an ICs; value, in the pharmaceutically acceptable range as provided herein; as well as
compounds and constructs, and in particutar proteins and polypeptides, that comprise at
least one such amino acid sequence.

[0067] In one embodiment, inventive compositions are such that they:

a} bind to DR5 with a dissociation constant (Kp) of 10° te 107? molesfliter or less,
and preferably 107 to 10™"? moles/liter or less and more preferably 10® to 102 molesfliter
(i.e., with an association constant (K} of 10° to 10" liter/ moles or more, and preferably
107 to 10™ liter/moles or more and more preferably 10° to 10* liter/moles); and/or

b) bind to DR5 with a k.-rate of between 10> M's™ to about 107 Ms™, preferably
between 10° M's™ and 10" M's™, more preferably between 10* M's™ and 107 M's™, such
as between 10° M's™" and 107 M''s™"; andfor

c) bind to DR5 with a ko rate between 1s™ (t,,=0.69 s) and 10° s™' (providing a
near imeversible complex with a ty, of multiple days), preferably between 162 s™ and 10°®
s, more preferably between 10° s and 10® s, such as between 10* s and 10° s
[0068] In one embodiment, an inventive composition, whether monovalent or
multivalent, binds to DR5 with an affinity less than 100 nM, and/or less than 10 nM, and/or
less than 1 nM, such as less than 500 pM. In one embodiment, the inventive composition
is a tetravalent composition. In one embodiment, the inventive compositionis a
pentavalent composition.

[0069] in cne embodiment, an inventive composition, whether monovalent or
multivalent, will specifically induce apoptosis in various cancer cell types (e.g., at least one
type) with an |Cy, less than 100 nM, preferably less than 10 nM, more preferably less than
1 nM, such as less than 500 pM. {n che embodiment, a muitivalent amino acid sequence
of the invention is at least 10 fold more potent in tumeor cell line than in normal {hon-tumor)
cell line, or at least 100 fold mere potent than in normal {non-tumor) cell line, as measured,
e.g., in non-tumor cell lines mentioned in the experimental part, e.g. Huvec, IMR-90 and
ARPE-19. See examples and Table 13.

[0070] For binding to DR, an inventive compeosition will usually contain within its
amino acid sequence one or more amino acid residues or one or more stretches of amino
acid residues (i.e., with each “stretch” comprising two or more amine acid residues that are
adjacent to each other or in close proximity to each other, i.e., in the primary {linear) or
tertiary (conformational} structure of the amino acid sequence) via which the amino acid
sequence of the invention can bind to DR5, which amine acid residues or stretches of
amino acid residues thus form the “site” for binding to DR5 (also referred to herein as the
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“antigen binding site” or “epitope”). Epitope mapping experiments are provided herein in
the Examples.

[0071] In one embodiment the inventive compositions provided herein are in
essentially isclated form, or form part of a protein or polypeptide of the invention that may
comprise or essentially consist of one or more amino acid sequences herein disclosed. In
one embodiment the inventive compositions may further comprise one or more additional
amino acid sequences. In one embodiment, such additional sequences are linked via one
or more suitable linkers. Without limitation, the inventive compositions may be used as a
binding unit in such a protein or polypeptide. Such inventive compositions may contain
one or more further amino acid sequences that can serve as an additional binding unit
(i.e., against cne or more other targets than DR5), so as to provide a monovalent,
multivalent or multispecific polypeptide of the invention, respectively. Such a protein or
polypeptide may als¢ be in essentially isolated form.

[0072] in one embodiment the inventive compositions essentially consist of a single
amino acid chain that is not linked via disulphide bridges to any other amino acid sequence
or chain (but that may or may not contain one or more intramolecular disulphide bridges)
or pharmaceutically relevant composition. As an example of an intramolecular disuifide
bridge, it is known that camelid Vyyy constructs may sometimes contain a disuiphide bridge
between CDR3 and CDR1 or FR2. In one embodiment, inventive compositions may be
linked to each other and/or to other amino acid sequences (e.g. via disulphide bridges) to
provide alternative peptide constructs (for example Fab’ fragments, F(ab'"), fragments,
ScFv constructs, "diabodies™ and other multivalent and/or multispecific constructs. See
review by Holiiger and Hudson, Nat Biotechnol. 2005 Sep;23(9): 1126-36). Examples of
pharmaceutically relevant compositions include drugs that treat a disease, or compositions
that increase half life, tamget specific tissues, and/or kill the target cell.

[0073] In one embodiment the inventive compositions essentially consist of a single
amino acid chain that is linked via at least one intermolecular disulphide bridge to any
other amino acid sequence or chain {either of which may or may not contain one or more
intramolecular disulphide bridges) or pharmaceutically relevant composition.

[0074] In cne embodiment, when an inventive composition is intended for
administration to a subject (for example for therapeutic and/or diagnostic purposes as
described herein), it is either an amino acid sequence that dees not accur naturally in said
subject; or, when it does occur naturally in said subject, is in essentially isolated form.
[0075] In one embodiment for pharmacedutical use, the disclosed amino acid
sequences of the invention (as well as compounds, constructs and polypeptides
comprising the same) are directed against human DR5. In one embodiment for veterinary
purposes, such disclosed compositions are directed against DR5 from the species to be
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treated. In one embodiment for veterinary purposes, such disclosed compositions are
cross-reactive with DR5 from the species to be ireated.

[0076] In one embodiment, an inventive amino acid sequence has at least one hinding
site for hinding against DRS, and may contain one or more further binding sites for binding
against other epitopes, antigens, proteins or targets.

[0077] The efficacy of the amino acid sequences and polypeptides of the invention,
and of compositions comprising the same, can be tested using any suitable in vitro assay,
cell-based assay, in vivo assay and/or animal model known per se, or any combination
thereof, depending on the specific disease or disorder involved. These may, e.g., be
assays or models for measuring the influence of the amino acid sequences or compounds
described herein on apoptosis, on the proliferation of tumor cells, and/or on the growth of
tumors in an animal model for such a tumor. Suitable assays and animal models will be
clear to the skilled person, and, e.g., include assays and animal models used in the
experimental part below and in the art references cited herein. Examples are binding
assays such as ELISA, FACS or surface plasmon resonance methedelogy; functional in
vitro assays such as in vifro cell survival assay with a panel of tumor and normal celi lines,
in vitro efficacy assay with Jurkat cell survival detection; functional in vivo assays such as
single dose in vivo study combined with a caspase 3/7 activation read out providing
various efficacy, PK and PD data,

[0078] In one embodiment according to the invention, amino acid sequences and
polypeptides that are directed against DRS5 from a first species of warm-blooded animal
may or may not show cross-reactivity with DR5 from one or more other species of warm-
bloeded animal. For example, amino acid seqguences and polypeptides directed against
human DRS may or may not show cross reactivity with DRS from one or more other
species of primates (such as, without fimitation, monkeys from the genus Macaca (such
as, and in particular, cynomologus monkeys (Macaca fascicularis, a.k.a., “eyng™) and/or
rhesus monkeys (Macaca mulatta)) and baboon {Papio ursinus)) and/or with DRS from one
or more species of animals that are often used in animal models for diseases (for example
mouse, rat, rabbit, pig or dog), and in particular in animal models for diseases and
disorders associated with DRS (such as the species and animal models mentioned herein).
In this respect, it will be clear to the skilled person that such cross-reactivity, when present,
may have advantages from a drug development point of view, since it allows the amino
acid sequences and polypeptides against human DRS to be tested in such disease
models. Various inventive constructs provided herein show specific cross-reactivity with
cyno DR5.

[0078] In one embodiment, amino acid sequences and polypeptides of the invention
that are cross-reactive with DR5 from multiple species of mammal will usually be
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advantageous for use in veterinary applications, since it will allow the same amino acid
sequence or polypeptide to be used across multiple species. Thus, in one embodiment
amino acid sequences and polypeptides directed against DR5 from cne species of animal
{such as amino acid sequences and polypeptides against human DR5) can be used in the
treatment of ancther species of animal, as long as the use of the amino acid sequences
and/or polypeptides provide the desired effects in the species to be treated.

[o0803 The present invention is in its broadest sense also not particularly limited to or
defined by a specific antigenic determinant, epitope, part, domain, subunit or confirmation
(where applicable) of DR5 against which the amino acid sequences and polypeptides of
the invention are directed. However, in one embodiment the inventive amine acid
sequences and polypeptides are directed against the exiracellular domain of the DR5. In
one non-lmiting aspect, the inventive amino acid sequences and polypeptides are directed
against the DR5-binding domain of DR5, and are as further defined herein. In one
embodiment, a monovalent or multivalent amino acid sequence and polypeptides of the
invention compete with the natural ligand of the DR5 in a competitive binding assay as
described in the experimental part. In gne embodiment, a monovalent or multivalent
amino acid sequence and polypeptides of the invention binds synergistically with the
natural ligand of the DR5 in a competitive binding assay.

[o081]} in one embodiment of the invention, where applicable, an amino acid
sequence of the invention can bind to two or more antigenic determinants, epitopes, parts,
domains, subunits or confirmations of DR5. In such a case, the antigenic determinants,
epitopes, parts, domains or subunits of DR5 to which the amino acid sequences and/or
pelypeptides of the invention bind may be essentially the same (for example, if DR5
contains repeated structural motifs or occurs in a multimeric form) or may be different (and
in the latter case, the amino acid sequences and polypeptides of the invention may bind to
such different antigenic determinants, epitopes, parts, demains, subunits of DR5 with an
affinity and/or specificity which may be the same or different). Aiso, e.g., when DR5 exists
in an activated conformation and in an inactive conformation, the amino acid sequences
and polypepfides of the invention may bind to either one of these confirmation, or may bind
to both these confirmations (i.e., with an affinity and/or specificity which may be the same
or different). Also, e.g., the amino acid sequences and polypeptides of the invention may
bind to a conformation of DR5 in which it is beund to a pertinent ligand, may bindto a
conformation of DRS in which it not bound to a pertinent ligand, or may bind to both such
conformations (again with an affinity and/or specificity which may be the same or different).
[0082] Itis also expected that the amino acid sequences and polypeptides of the
{nvention will generally bind to all naturally occurring or synthetic analogs, variants,
mutants, alleles, parts and fragments of ORS; or at least to those analogs, variants,
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mutants, alleles, parts and fragments of DR5 that contain one or more antigenic
determinants or epitopes that are essentially the same as the antigenic determinani(s) or
epitope(s) to which the amino acid sequences and polypeptides of the invention bind in
DRS (e.g. in wild-type DR5). Again, in such a case, the amino acid sequences and
polypeptides of the invention may bind to such analogs, variants, mutants, alleles, parts
and fragments with an affinity and/or specificity that are the same as, or that are different
from (i.e., higher than or lower than), the affinity and specificity with which the amino acid
sequences of the invention bind to (wild-type) DR5. Also included within the inventive
scope is that the amino acid sequences and polypeptides of the invention bind to some
analogs, variants, mutants, alleles, parts and fragments of DRS5, but not to others.

[0083] In general, when DRS exists in a monomeric form and in one or more
multimeric forms, it is within the scope of the invention that the amino acid sequences and
polypeptides of the invention only bind to DR5 in monomeric form, only bind to DRS in
multimeric form, or bind to both the monomeric and the multimeric form. Again, in suich a
case, the amino acid sequences and polypeptides of the invention may bind to the
monomeric form with an affinity and/or specificity that are the same as, or that are different
from (i.e., higher than or lower than), the affinity and specificity with which the amino acid
sequences of the invention bind to the multimeric form.

[0084] Also, when DRS can associate with other proteins or polypeptides o form
protein complexes {e.g. with multiple subunits), it is within the scope of the invention that
the aminoc acid sequences and polypeptides of the invention bind to DR5 in its non-
associated state, bind to DR5 in its associated state, or bind to both. In all these cases, the
amino acid sequences and polypeptides of the invention may bind te such multimers or
asscciated protein complexes with an affinity and/or specificity that may be the same as or
different from {i.e., higher than or lower than) the affinity and/or specificity with which the
amino acid sequences and polypeptides of the invention bind to DR5 in its monomeric and
hon-associated state.

[0085] In one embodiment, as will be clear to the skilled person, inventive
compositions that cantain two or more aming acid sequences directed against DRS may
bind with higher avidity to DR5 than the corresponding monomeric amino acid
sequence(s). For example, and without limitation, proteins or polypeptides that contain
two, three, four, five, six, eight, ten or more gperably linked monomeric units of amino acid
sequences directed against the same or different epitopes of DRS may (and usually will)
bind with higher avidity than each of the different monomers, and proteins or polypeptides
that contain two, three, four or more amine acid sequences directed against DR5 may (and
usually will) bind alsc with higher avidity to a multimer of DR5. In one embodiment, the
_inventive compaosition is a single polypeptide chain made of four monomers directed
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against DR5 connected by amino acid linkers. In one embodiment, the inventive
compaosition is a single polypeptide chain made of five monomers directed against DR5
connected by amino acid linkers.

[0086] Generally, amino acid sequences and polypeptides of the invention will at least
bind to those forms of DR5 {including monomeric, multimeric and associated forms) that
are the most relevant from a biological and/or therapeutic point of view, as will be clear to
the skilied person,

[o087] It is within the scope of the invention to use compositions comprising parts,
fragments, analogs, mutants, variants, alleles and/or derivatives of the amino acid
sequences and polypeptides of the invention, and/for to use proteins or polypepfides
comprising or essentially consisting of one or more of such compositions as long as these
are suitable for the uses envisaged herein. In one embodiment such compositions will
contain (at least part of) a functional antigen-binding site for binding against DRS. In one
embodiment such compositions will be capable of specific binding to DRS. in one
embodiment such compositions will be capable of binding to DRS with an affinity {suitably
measured and/or expressed as a Kp-value (actual or apparent), a Ka-value (actual or
apparent), a koo-rate andfor a kor-rate, or alternatively as an ICs, value, as further
described herein) that is as provided herein. Some non-limiting exampies of such
compasitions will become clear from the further description herein. Additional fragments or
polypeplides of the invention may also be provided by suitably combining (i.e., by linking or
genetic fusion) one or more (smaller) compositions as described herein.

[0088B} . In one non-limiting aspect of the invention, analogs, mutants, variants, alleles,
and/or derivatives of the polypeptides of the invention have an increased half-life in serum
(as further described herein) compared to the amine acid sequence from which they have
been derived. For example, an amino acid sequence of the invention may be linked
{chemically or otherwise) to one or more groups or moieties that extend the half-life (such
as PEG), so as to provide a derivative of an amino acid sequence of the invention with
increased half-life.

[0089] In one specific, but non-limiting aspect, the amine acid sequence of the
invention may be an amine acid sequence that comprises an immunoglobulin fold or may
be an amino acid sequence that, under suitable conditions (such as physiclogical
conditions) is capable of forming an immunoglobulin fold (i.e., by folding). Reference is
made inter alia to the review by Halaby ef al., J. (1999) Protein Eng. 12, 563-71. Inone
embodiment, when properly folded so as to form an immunoglobulin fold, such an amino
acid sequence is capable of specific binding to DR5. in one further embodiment, such a
construct is capable of binding to DRS with an affinity (suitably measured and/or expressed
as a Kp-value (actual or apparent), a Ks-value (actual or apparent), a ky,-rate and/or a Ky
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rate, or alternatively as an IC5, value, as further described herein) that is as provided
herein. In one embodiment, parts, fragments, analogs, mutants, variants, alleles and/or
derivatives of such amino acid sequences are such that they comprise an immunoglobulin
fold or are capable for forming, under suitable ceonditions, an immunoglobulin fold.
[0090] In particular, but without limitation, the amino acid seguences of the invention
may be amino acid sequences that essentially consist of four framework regions (FR1,
FR2, FR3 and FR4 respectively) and three interspersed complementarity determining
regions (CDR1, CDR2 and CDRS3 respectively); or any suitable fragment of such an amino
acid sequence {which will then usually contain at least seme of the amino acid residues
that form at least one of the CDR's, as further described herein). In one embodiment
these regions are arranged as shown in formula |
FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4 ({formulal)
[0091] The amino acid sequences of the invention may in particular be an
immunoglobulin seguence or a suitable fragment thereof, and more in particular be an
immunoglobulin variable demain sequence or a suitable fragment thereof, such as light
chain variable domain sequence (e.g. a V| sequence)} or a suitable fragment thereof; or a
heavy chain variable domain sequence (e.g. a Vy; sequence} or a suitable fragment
thereof. When the amino acid sequence of the invention is a heayy chain variable domain
sequence, it may be a heavy chain variable domain sequence that is derived from a
conventional four-chain antibody (such as, without limitation, a Vy; sequence that is derived
from a human antibody) or be a so-called Vyy;-sequence that is derived from a so-called
“heavy chain antibody”.
{0092} it should be noted that the invention is not limited as to the origin of the amino
acid sequence of the invention (or of the nucleotide sequence of the invention used to
express it}, nor as to the way that the amine acid sequence or nucleotide sequence of the
invention is (or has been) generated or obtained. Thus, the amino acid sequences of the
invention may contain naturally occurring amino acid sequences {from any suitable
species) or synthetic or semi-synthetic amino acid sequences. In a specific but non-limiting
aspect of the invention, the amino acid sequence is a naturally occurring immunoglobulin
sequence (from any suitable species} or a synthetic or semi-synthetic immunoglobulin
sequence, including but not limited to *humanized” immunoglobulin sequences (e.g., such
as partially or fully humanized mouse, rabbit or monkey immuncglobulin sequences (or
immuncglobulin sequences of any other mammalian species contemplated by cne skilled
in the art), and in particular partially or fully humanized camelid Vy, sequences or
fragments thereof), “camelized” immunoglobulin sequences, as well as immunoglobulin
sequences that have been obtained by techniques such as affinity maturation (for
example, starting from synthetic, random or naturally eccurring immunoglobulin
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sequences), CDR grafting, veneering, combining fragments derived from different
immunoglobulin sequences, PCR assembly using overlapping primers, and similar
technigues for engineering immunoglobulin sequences well known fo the skilled person; or
any suitable combination of any of the above. Reference is, e.g., made to standard
handbooks, as well as to the further description and art references mentioned herein.
[0093] Similarly, the nucleotide sequences of the invention may be naturally occurring
nucleotide sequences or synthetic or semi-synthetic sequences, and may, e.g., be
sequences that are isolated by PCR from a suitable naturally occurring template (e.g. DNA
or RNA isclated from a cell), nuclectide sequences that have been isolated from a library
{and in particufar, an expression library), nucleotide sequences that have been prepared
by introducing mutations into a naturally occurring nucleotide sequence (using any suitable
technique known per se, such as mismatch PCR), nucleotide sequence that have been
prepared by PCR using overlapping primers, or nucleotide sequences that have been
prepared using techniques for DNA synthesis known per se.

[0094] The amino acid sequence of the invention may in particular be a domain
antibody (or an amino acid sequence that is suitable for use as a domain antibody), a
single domain antibody (or an amino acid sequence that is suitable for use as a single
domain antibody), a "dAb" (or an amino acid sequence that is suitable for use as a dAb) or
a camelid antibody (and including but not limited to a Vi sequence or variants thereof);
other single variable domains, or any suitable fragment of any one thereof. For a general
description of (single) domain antibodies, refetence is also made to the art references cited
above, as well as to EP 0 368 684. For the term “dAb's”, reference is, e.g., made to Ward
et al, {Nature 1989 Oct 12; 341 (6242): 544-6), to Holt et al., Trends Biotechnol,, 2003,
21(11): 484-490; as well as to, e.g., WO 06/030220, WO 06/003388 and other published
patent applications of Domantis Ltd. In one embodiment of the invention, single domain
antibodies or single variable domains can be derived from certain species of shark (for
exampie, the so-called “IgNAR domains”, see e.g., WO 05/18629).

[0095] In particular, the amino acid sequence of the invention may be a camelid heavy
chain variable domain construct (e.g., a Vs or variables thereof, including variables
optimized for use as a human therapeutic, e.g., as defined in, e.g., WO 2008/020073) or a
suitable fragment or variant thereof. In one embodiment, the amino acid sequence is a
NANOBODY™ or a construct thereof. Note that NANOBODY ™, NANOBODIES™ and
NANOCLONE™ are registered trademarks of Ablynx N.V. Specific heavy chain variable
domain constructs directed against DRS, whether or not “humanized” or otherwise altered
or optimized, will be refemred to herein as a “NB Sequence” of the invention.

[0095] As used herein, the phrase "sequence optimized", or alternatively sequences
that are "altered or optimized" is defined to refer {o the replacement of residues of a NB
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agent, especially in the framework region, to reduce the occurrence of an immunogenic
response o the NB agent by the subject to which it is administered. In the case where the
subject is a human, the phrase includes any technique known in the art to humanize the
sequence,

[0097] in one embodiment, NB agents are so-called “Vy3 class” (i.e., a NB construct
with a high degree of sequence homology to human gemmline sequences of the V3 class
such as DP-47, DP-51 or DP-29). In one embediment, this V43 class of NB constructs
comgprise the framework regions of this invention. However, the invention in its broadest
sense generally covers any type of NB agents directed against DR5. For example, in one
embodiment, the invention also covers the NB constructs belonging to the so-called “V4
class” (i.e., NB constructs with a high degree of sequence homology to human germline
sequences of the V4 class such as DP-78). See e.g., WO 07/118670.

[0098] In one embodiment, NB coﬁstructs (in particular fully humanized and partially
humanized constructs) are characterized by the presence of one or more “Hallmark
residues” in one or more of the framework sequences. In ohe embodiment, the
framework sequences present in the NB constructs of the invention may be such that the
amino acid sequence is a variant of a camelid Vyyy construct. Some non-limiting examples
of (suitable combinations of) such framework sequences and alternative Hallmark residues
appear, e.g., in WO 2008/020079, pages 65 - 98, which pages are incorporated by
reference in their entirety. Other humanized or partially humanized residues known in the
art are also contemplated as encompassed within the invention.

[0099] Generally, a V; or a Vi construct can be defined as an amino acid sequence
with the (general) structure of formula [, in which FR1 to FR4 refer to framework regions 1
to 4, respectively, and in which CDR1 to CDR3 refer to the complementarity determining
regions 1 to 3, respectively.

[60100] In one embodiment an inventive composition may be a NB construct with an
amino acid sequence with the (general) structure of formula { in which one or more of the
amino acid residues at positions 11, 37, 44, 45, 47, 83, 84, 103, 104 and 108 according to
the Kabat numbering are chosen from the Halimark residues mentioned in Table A-3 in
WO 2008/020079 and in which said amino acid sequence has at least 80%, 85%, 80%,
95%, 98%, 99% or 100% amino acid identity with at least one of the framework amino
acid sequences of SEQ ID NO's: 1 to 22 in WO 2008/020078, in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that form the COR
sequences (indicated with X in the sequences) are disregarded.

[00101] Inthe NB agents of the invention, including without limitation the various
formats or scaffolds, the CDR sequences are generally as provided in Tables 1-3 and
especially as specifically designated by SEQ ID NO in Table 4. In particular, CDR1 may
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be any one of SEQ ID NOs: 41 to 44; CDR2 may be any one of SEQ I1D NOs: 51 to 55;
and CDR3 may be any one of SEQ ID NOs: 63 to 68.

[00102]  Thus, in one embodiment the invention relates to such Vy constructs that can
bind to and/or are directed against DR5, to suitable fragments thereof, as well as to
polypeptides that comprise or essentially consist of orie or more of such Vi constructs
and/or suitable fragments.

[00103] [ngeneral, SEQID NOs: 1- 22, 26 — 40, 87-88, and 103-104 provide the
amino acid sequences of a number of NB Agents that have been raised against DR5 (see
Tables 1-4). SEQ ID NOs: 96-99 provide specific nucleic acid sequences that encode
specific NB Agents as provided herein.

[60104] In some embodiments, inventive compositions are NB agents, e.g., as shown
in Tables 1 through 4, that can bind to and/or are directed against to DR5 and that have at
least 80% amino acid identity with at least one of the amino acid sequences of SEQ ID
NOs: 1-22, 26 - 40, 87-88 and 103-104, in which for the purposes of determining the
degree of amino acid identity, the aminc acid residues that form the CDR sequences are
disregarded and in which one or more of the amino acid residues at positions 11, 37, 44,
45, 47, 83, 84, 103, 104 and 108 according to the Kabat numbering are Hallmark residues.
[00105] In varicus embodiments and as provided in Table 4, the NB constructs
comprise framework 1 sequences of SEQ ID NO's: 34 to 40}, framework 2 sequences of
SEQ ID NO's: 45 to 50, framework 3 sequences of SEQ ID NO's: 56 to 62 and framework
4 sequences of SEQ ID NO’s: 69 to 72. In one embodiment, amino acid residues at
positions 1 to 4 and 27 to 30 of the framework 1 sequences of NB constructs of SEQ ID
NO's: 1-22, 26 - 40, 87-88 and 103-104 are disregarded for determining the degree of
amino acid identity.

[00106] in one embodiment, inventive NB agents and compositions may be derived in
any suitable manner and from any suitable source, and may, e.g., be naturally occurring
Vi seguences (i.e., from a suitable species of Camelid) or synthetic or semi-synthetic
amino acid sequences, including but not limited tc "humanized” NB agents, “camelized”
immunogiobulin sequences (and in particular camelized heavy chain variable domain
sequences), as well as NB agents that have been obtained by technigues such as affinity
maturation (for example, starting from synthetic, random or naturally occurring
immunoglobulin sequences), CDR grafting, veneering, combining fragments derived from
different immunoglobulin sequences, PCR assembly using overlapping primers, and
similar techniques for engineering immunoglobulin sequences well known to the skilled
person; or any suitable combination of any of the foregoing as further described herein.
Also, when an inventive composition comprises a Vi sequence, said composition may be
suitably humanized, as described herein, so as to provide one or more further (partially or
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fully} humanized composition of the invention. In one embodiment, when an inventive
composition comprises a synthetic or semi-synthetic sequence (such as a partially
humanized sequence), said composition may optionally be further suitably humanized,
e.g., again either partially or fully humanized.

[00107] In one embodiment, humanized compositions are amino acid sequences that
have at least one amino acid residue present (and in particular, in at least one of the
framework residues) that is and/for that corresponds to a humanizing substitution . In such
a non-limiting embodiment, humanizing substitutions {and suitable combinations thereof)
will be clear to the skilled person based on the disclosure herein. In one embodiment,
potentially useful humanizing substitutions can be ascertained by comparing the sequence
of the framework regions of a naturally occurring Vi sequence with the corresponding
framework sequence of one or more closely related human Vi sequences, after which one
or more of the potentially useful humanizing substitutions {or combinations thereof) thus
determined can be introduced into said Vuu sequence in any manner known per se. in one
embodiment, the resuiting humanized Vyy sequences are tested for affinity for the target,
for stability, for ease and level of expression, and/or for other desired properties. In this
way, by means of a limited degree of trial and error, other suitable humanizing
substitutions (or suitable combinations thereof) can be determined by the skillad person
based on the disclosure herein. Also, based on the foregoing, (the framework regions of)
an inventive composition of the invention may be partially humanized or fully humanized.
[00108] In one embodiment, humanized compositions herein are humanized variants of
the compositions of SEQ ID NOs: 1 - 22, 26 - 40, 87-88, and 103-104 and of SEQ ID NOS:
96-99. In one embodiment, humanized NB constructs are as provided in Table 3,

[00109] Thus, some other preferred compositions of the invention are compositions
which can bind (as further defined herein} to DR5 and which {(a} are a humanized variant of
one of the amino acid sequences of SEQ ID NO's: 1 - 22, 26 - 40, 87-88, and 103-104;
and/or (b} have at least 90% amino acid jdentity with at least one of the amino acid
sequences of SEQ ID NO's: 1 - 22, 26 - 40, 87-88, and 103-104. In ohe embodiment, for
the purposes of determining the degree of amino acid identity, the amino acid residues that
form the CDR sequences are disregarded.

[00110] Inone embodiment, one or more of the amino acid residues at positions 11,
37, 44, 45, 47, 83, B4, 103, 104 and 108 according to the Kabat numbering are chosen
from the Hallmark residues mentioned in Table A-3 in WQ 2008/020079.

[00111] In one embodiment, the invention provides a number of stretches of amino acid
residues (i.e., small peptides) that are particularly suited for binding to DR5. These
stretches of amino acid residues may be present in, and/or may be incorporated into, an
amino acid sequence of the invention, in particular in such a way that they form {part of)
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the antigen binding site of an amino acid sequence of the invention. As these stretches of
amino acid residues are first generated as CDR sequences of heavy chain antibodies or
Vun sequences that are raised against DRS {or may be based on and/for derived from such
CDR sequences, as further described herein), they will also generally be referred to herein
as “CDR sequences” (i.e., as CDR1 sequences, CDR2 sequences and CDR3 sequences,
respectively). It should however be noted that the invention in its broadest sense is not
limited to a specific structural role or function that these stretches of amino acid residues
may have in an amino acid sequence of the invention, as long as these stretches of aming
acid residues allow the amino acid sequence of the invention to bind to DR5. Thus,
generally, the invention in its broadest sense comprises any amino acid sequence that is
capable of binding to DR5 and that comprises one or more CDR sequences as described
terein, and in particular a suitable combination of two or more such CDR sequences, that
are suitably linked to each other via one or more further amino acid sequences, such that
the entire amino acid sequence forms a binding domain and/or binding unit that is capable
of binding o DRS. It should however also be noted that the presence of only one such
CDR sequence in an amino acid sequence of the invention may by itself already be
sufficient to provide an amino acid sequence of the invention that is capable of binding to
DR5; reference is, e.g., again made to the so-called “Expedite fragments” described in WO
03/050631.

[00112] In one embodiment, the amino acid sequence of the invention may be an
amino acid sequence that comprises at least one amino acid sequence that is chosen from
the group consisting of the CDR1 sequences, CDR2 sequences and CDR3 sequences
that are described herein (or any suitable combination thereof). In particular, an amino acid
sequence of the invention may be an amino acid sequence that comprises at least one
antigen binding site, wherein said antigen binding site comprises at least one amino acid
sequence that is chosen from the group consisting of the CDR1 sequences, CDR2
sequences and CDR3 sequences that are described herein {or any suitable combination
thereof).

[00113] In one embodiment, the amino acid sequence of the invention may be any
amino acid sequence that comprises at least one stretch of amino acid residues, in which
said stretch of amino acid residues has an amino acid sequence that corresponds to the
sequence of at least one of the CDR sequences described herein. Such an amino acid
sequence may or may not comprise an immunoglobulin fold. For example, and without
limitation, such an amino acid sequence may be a suitable fragment of an immunoglobulin
sequence that comprises at least one such CDR sequence, but that is not large enough to
form a (complete) immunoglobulin fold (reference is, e.g., again made to the “Expedite
fragments” described in WO 03/050531). Alternatively, such an amino acid sequence may
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be a suitable “protein scaffold” that comprises least one stretch of amino acid residues that
corresponds to such a CDR sequence (i.e., as part of its antigen binding site). Suitable
scaffolds for presenting amino acid sequences will be clear to the skilled person, and, e.g.,
comprise, without limitation, to binding scaffolds based on or derived from
immunoglobulins (i.e., other than the immunoglobulin sequences already described
herein), protein scaffolds derived from protein A domains (e.g., such as AFFIBODIES ™),
tendamistat, fibronectin, including fibronectin type lll domain, lipocalin, CTLA-4, T-cell
receptors, designed ankyrin repeats, avimers and PDZ domains {Binz et al., Nat. Biotech
2005, Vol, 23; 1257), and binding moieties based on DNA or RNA including but not limited
to DNA or RNA aptamers (Ulrich et al., Comb Chem. High Throughput Screen 2006 9(8):
619-32).

[00414] In ohe embodiment, any amino acid sequence herein that comprises one or
more of these CDR sequences can specifically bind to DR5. In one embodiment it can bind
to DRS5 with an affinity (suitably measured and/or expressed as a Kp-value (actual or
apparent), a Kx-value (actual or apparent), a key-rate and/or a kyrrate, or alternatively as
an {Cs; value) as provided herein,

f00115] in one embodiment, an inventive composition herein may be any amino acid
sequence that comprises at least one antigen binding site, wherein said antigen binding
site comprises at least two amino acid sequences that are chosen from the group
consisting of the CDR1 sequences described herein, the CDR2 sequences described
herein and the CDR3 sequences described herein, such that (1) when the first amino acid
sequence is chosen from the CDR1 sequences described herein, the second amino acid
sequence is chosen from the CDR2 sequences described herein or the CDR3 sequences
described herein; (2) when the first amino acid sequence is chosen from the CDR2
sequences described herein, the second amino acid sequence is chosen from the CDR1
sequences described herein or the CDR3 sequences described herein; or (3) when the
first amino acid sequence is chosen from the CDR3 sequences described herein, the
second amino acid sequence is chosen from the CDR1 sequences described herein or the
CDR3 sequences described herein,

{00116] In one embodiment, an inventive composition herein may be amino acid
sequences that comprise at least one antigen binding site, wherein said antigen binding
site comprises at least three amino acid sequences that are chosen from the group
consisting of the CDR1 sequences described herein, the CDR2 sequences described
herein and the CDR3 sequences described herein, such that the first amino acid sequence
is chosen from the CDR1 sequences described herein, the second amino acid sequence is
chosen from the CDR2 sequences described herein, and the third amino acid sequence is
chosen from the CDR3 sequences described herein. Preferred combinations of CDR1,
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CDR2 and CDR3 sequences will become clear from the further description herein. As will
be clear to the skilled person, such an amino acid sequence is preferably an
immunoglobulin sequence (as further described herein), but it may, e.g., alsc be any other
amino acid sequence that comprises a suitable scaffold for presenting said CDR
sequences.

[00i17]  In one embodiment, an inventive composition herein relates to an amino acid
sequence directed against DR5, and in particular against DR5 as provided in public
databases such as the e.g. NCBI protein database accession number BAA33723, wherein
the amino acid sequence comprises one or more stretches of amino acid residues chosen
from the group consisting of:

{a) the amino acid sequences of SEQ ID NO's: 41 to 44;

{b) amino acid sequences that have at least 90% aminc acid identity with at ieast
one of the amino acid sequences of SEQ 1D NO's: 41 to 44;

(c) amino acid sequences that have 3, 2, or 1 amino acid difference with at least
one of the amino acid sequences of SEQID NO's: 41 to 44;

(d) amino.acid sequences of SEQ ID NO's: 51 to 55;

" (e) amino acid sequences that have at least 90% amino acid identity with at least
one of the amino acid sequences of SEQ {D NO's: 51 to 55;

(f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least
one of the amino acid sequences of SEQ ID NO's: 51 to 55;

{g) the amino acid sequences of SEQ ID NO's: 63 fo 68;

(h) amino acid sequences that have at least 90% amino acid identity with at least
one of the amino acid sequences of SEQ ID NO's: 63 to 68;

(i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least
one of the amino acid sequences of SEQ ID NO's; 83 to 68,
or any suitable combination thereof.

[00118] When an aminc acid sequence of the invention contains one or more amino
acid sequences according to b) and/or ¢):

(1) any amino acid substitution in such an amino acid sequence according to b)
andfor c¢) is preferably, and compared to the corresponding amino acid sequence
according to a), a conservative amino acid substitution; and/or

(2) the amino acid sequence according to b) and/or ¢) preferably only contains
amino acid substitutions, and no amino acid deletions or insertions, compared to the
corresponding amino acid sequence according to a); and/or

(3) the amino acid sequence according to b) and/or ¢) may be an amino acid
sequence that is derived from an amino acid sequence according to a) by means of affinity
maturation using one or more techniques of affinity maturation known per se.
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[601198]  Similarly, when an amino acid sequence of the invention contains one or more
amino acid sequences according to e) and/for f):

{1) any amino acid substitution in such an amino acid sequence according to e)
and/or f) is preferably, and compared to the corresponding amino acid sequence according
to d), a conservative amino acid substitution; and/or

(2) the amino acid sequence according to e) and/or f) preferably only contains
amino acid substifutions, and no amino acid deletions or insertions, compared fo the
corresponding amino acid sequence according to d); and/or

(3) the amino acid sequence according to e} and/or f) may be an amino acid
sequence that is derived from an amino acid sequence according to d) by means of affinity
maturation using one or more techniques of affinity maturation known per se.

[00120] Also, similarly, when an amino acid sequence of the invention contains one or
more amino acid sequences according to h) andfor i):

(1) any amina acid substitution in such an amino acid sequence according to h)
and/or i) is preferably, and compared to the corresponding amino acid sequence according
to g), a conservative amino acid substitution; and/or

(2) the amino acid sequence according to h) and/or i) preferably only contains
aming acid substitutions, and no amino acid deletions or insertions, compared to the
corresponding amino acid sequence according fo g); and/or

(3) the amino acid sequence according to h) and/or i) may be an amino acid
sequence that is derived from an amino acid sequence according to g) by means of affinity
maturation using one or more techniques of affinity maturation known per se.

[00121] It should be understood that the last preceding paragraphs also generally apply
to any amino acid sequences of the invention that comprise one or more amino acid
sequences according to a), b), ¢), d), ), f), g), h) or i}, respectively.

[00122] In this specific aspect, the amino acid sequence preferably comprises ane or
more stretches of amino acid residues chosen from the group consisting of:

(i) the amino acid sequences of SEQ ID NO’s: 41 to 44;

(i) the amino acid sequences of SEQ ID NO's: 51 to 55; and

(i) the amino acid sequences of SEQ ID NO's: 63 to 68;
or any suitable combination thereof.

[00123] Also, preferably, in such an amino acid sequence, at least one of said
stretches of amino acid residues forms part of the antigen binding site for binding against
DRS5.

[00124] [In one non-limiting aspect, the invention relates to an amino acid sequence
directed against DR5, that comprises two or more stretches of amino acid residues chosen
from the group consisting of.
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a) the amino acid sequences of SEQ ID NO’s: 41 o 44;

b} amino acid sequences that have at least 90% amino acid identity with at least
one of the amino acid sequences of SEQ ID NO’s: 41 to 44,

¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one
of the amino acid sequences of SEQ [D NO's: 41 to 44;

d) the amino acid sequences of SEQ ID NO's: 51 to 55;

e) amino acid sequences that have at least 90% amino acid idenfity with at least
one of the amino acid sequences of SEQ ID NO's: 51 to 55;

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one
of the amino acid sequences of SEQ ID NO's: 51 to 55;

g) the amino acid sequences of SEQ 1D NO's: 63 to 68;

h) amino acid sequences that have at least 90% amino acid identity with at teast
one of the amino acid sequences of SEQ 1D NO's: B3 to 68;

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one
of the amino acid sequences of SEQ ID NO's; 63 to 68;
such that (1) when the first stretch of amino acid residues comresponds to one of the amino
acid sequences according to a), b) or c), the second stretch of amino acid residues
corresponds to one of the amino acid sequences according to d}, €), f}, g}, h) ori}; (2)
when the first stretch of amino acid residues corresponds to one of the amino acid
sequences according to d}, e) or f}, the second stretch of amino acid residues corresponds
to one of the amino acid sequences according to a}, b}, ¢}, g}, b} or i}; or {3} when the first
stretch of amino acid residues corresponds to one of the amino acid sequences according
to g), h} or i), the second stretch of amino acid residues corresponds to one of the amino
acid sequences according to a), b), ¢}, d}, e} or f}.
[00125] In this specific aspest, the amino acid sequence preferably comprises two or
more stretches of amino acid residues chosen from the group consisting of:

(i} the amino acid sequences of SEQ ID NO's: 41 to 44;

(ii) the amino acid sequences of SEQ ID NO's: 51 to 55; and

(ii}) the amino acid sequences of SEQ ID NO's: 63 to 68;
such that, (1) when the first stretch of amino acid residues corresponds to one of the
amino acid sequences of SEQ ID NO's: 41 to 44, the second siretch of amino acid
residues corresponds to one of the amino acid sequences of SEQ ID NO’s: 51 to 55 or of
SEQ ID NO’s: 63 to 68; (2) when the first stretch of amino acid residues corresponds to
one of the amino acid sequences of SEQ ID NO's: 51 to 55, the second stretch of amino
acid residues corresponds to one of the amino acid sequences of SEQ ID NO's: 41 to 44
or of SEQ 1D NQ's: 63 to 68; or (3} when the first stretch of amino acid residues
corresponds to one of the amino acid sequences of SEQ ID NO's: 63 to 68, the second
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stretch of amino acid residues corresponds to one of the amino acid sequences of SEQ ID
NO's: 41 to 44 or of SEQ ID NO’s; 61 to 55.

[001268]  Also, in such an amino acid sequence, the at least two stretches of amino acid
residues again preferably form part of the antigen binding site for binding against DR5.
[00127] In one embodiment, in particular as it relates to the preceding paragraphs, the
invention related to an amino acid comprising two or more amino acid sequences
according to a), b), ¢), d), e), f), g), h) or i}, respectively. In one embodiment, the amino
acid sequence is a dimeric variant of a NB agent. in one embodiment, the monomers that
comprise the dimer are operably linked in a single reading frame. in one embodiment, the
linker sequence joining the monomers is a multimer of the sequence GGGGS {SEQ ID
NO: 81) or GGGS (SEQ ID NO: 82), or a combination of both, or is selected from a linker
sequences provided herein as SEQ ID NOs: 44, 45 or 46, or as known in the art.

[00128B] In one embodiment, in particular as it refates fo the preceding paragraphs, the
invention related to an amino acid comprising three or mare amino acid sequences
according to a), b), ¢}, d), &), f), g}, h} or i), respectively. In one embodiment, the amino
acid sequence is a trimeric variant of a NB agent. In one embodiment, the monomers that
comprise the trimer are operably linked in a single reading frame. in one embodiment, the
linker sequence joining the monomers is a multimer of the sequence GGGGS (SEQ ID
NO: 81) or GGGS (SEQ ID NO: 82), or a combination of both, or is selected from a linker
sequences provided herein as SEQ |D NOs: 44, 45 or 46, or as known in the art.

[00128] In one embodiment, in particular as it relates to the preceding paragraphs, the
invention related to an aminc acid comprising four or more amino acid sequences
according to a), b}, c), d), &), f}, @), h) or i), respectively. in one embodiment, the amino
acid sequence is a teframeric variant of a NB agent. in one embodiment, the monomers
that comprise the tetramer are operably linked in a single reading frame. [n one
embodiment, the linker sequence joining the monomers is a multimer of the sequence
GGGGS (SEQ D NO: 81) or GGGS (SEQ ID NO: 82), or a combination of both, or is
selected from a linker sequences provided herein as SEQ 1D NOs: 44, 45 or 46, or as
known in the art.

[00130] In one embodiment, in particular as it relates to the preceding paragraphs, the
invention related to an amino acid comprising five or more amino acid sequences
according to a), b), c). d), €), 1), g), h) or i}, respectively. In one embeodiment, the amino
acid sequence is a pentameric variani of a NB agent, In one embodiment, the monomers
that comprise the pentamer are operably linked in a single reading frame. In one
embodiment, the linker sequence joining the monomers is a multimer of the sequence
GGGGS (SEQID NO: 81) or GGGS (SEQ ID NO: 82), or a combination of both, or is
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selected from a linker sequences provided herein as SEQ 1D NOs; 44, 45 or 46, or as
known in the art.

[00131] In one embodiment, in particular as it relates to the preceding paragraphs, the
invention related to an amine acid comprising $ix or more amino acid sequences according
to a), b), c), d}, &), ), g), h} ori}, respectively. in one embodiment, the amino acid
sequence is a hexameric variant of a NB agent. In one embodiment, the monomers that
comprise the hexamer are operably linked in a single reading frame. In one embodiment,
the linker sequence joining the monomers is a muitimer of the sequence GGGGS (SEQ ID
NO: 81) or GGGS (SEQ (D NO: 82}, or a combination of both, or is selected from a linker
sequences provided herein as SEQ ID NOs: 44, 45 or 48, or as known in the art.

[00132] In one embodiment, in particular as it relates to the preceding paragraphs, the
invention related to an amino acid comprising iwo, three, four, five six, seven, eight, nine,
ten or more amino acid sequences according to a), b), ¢), d), &), f), g), h) or i), respectively.
In one embodiment, the amino acid sequence is a multimeric variant of a NB agent. In one
embodiment, monomers that comprise the multimer are operably finked in a single reading
frame. In one embodiment, the linker sequence joining the monomers is selected from at
least one of the sequence GGGGS {SEQ ID NO: 81) or GGGS (SEQ 1D NC: 82), or a
combination of both, or is selected from a linker sequences provided herein as SEQ 1D
NOs: 44, 45 or 48, or as known to one skilled in the art.

[00133] Preferably, in such amine acid sequences the CDR seguences have at least
70% amino acid identity, preferably at least 90% amino acid identity, more preferably at
least 90% amino acid identity, such as at least 85% amino acid identity or more or even
essentially 100% aminoc acid identity with the CDR sequences of at least one of the amino
acid sequences of SEQ ID NO's; 1 - 22, 26 - 40, 87-88, and 103-104. This degree of
amino acid identity can, e.g., be determined by determining the degree of amino acid
identity (in a manner described herein} between said amino acid sequence and one or
more of the sequences of SEQ ID NO's: 1 - 22, 26 - 40, 87-88, and 103-104, in which the
amino acid residues that form the framework regions are disregarded. Also, such amino
acid sequences can be humanized or modified as further described herein.

[00134] Also, such amino acid sequences are preferably such that they can specificaily
bind to DR5; and more in particular bind to DRS with an affinity (suitably measured and/or
expressed as a Kp-value (actual or apparent), a Ka-value (actual or apparent), a ke -rate
and/or a kyrtate, or alternatively as an |Csp value, as further described herein) that is as
provided herein.

[00135] In one non-limiting aspect, the invention relates to an amine acid seguence
that essentially consists of four framework regions (FR1 to FR4, respectively) and three
complementarity determining regions (CDR1 to CDR3, respectively), in which the CDR
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sequences of said amino acid sequence have at least 70% amino acid identity, preferably
at least 80% amino acid identity, more preferably at least 90% amino acid identity, such as
at least 95% amino acid identity or more, at least 98% amino acid identity or more, at least
99% amino acid identity or more, or even essentially 100% amino acid identity with the
CDR sequences of at least one of the amino acid sequences of SEQ (D NO's: 1-22, 26-40,
87-88, and 103-104. This degree of amino acid identity can, &.g., be determined by
determining the degree of amine acid identity (in a manner described herein) between said
amino acid sequence and one or more of the sequences of SEQ 1D NO’s: 1-22, 26-40,
87-88, and 103-104, in which the amino acid residues that form the framework regions are
disregarded. Such amino acid sequences of the invention can be as further madified as
described herein.

[00136] In such an amino acid sequence of the invention, the framework sequences
may be any suitable framework sequences, and examples of suitable framework
sequences will be clear to the skilled person, e.g., on the basis the standard handbooks
and the further disclosure and art references mentioned herein.

[00137] The framework sequences are preferably (a suitable combination of)
immunoglobulin framework sequences or framework sequences that have been derived
from immunoglobulin framework sequences (for example, by humanization or
camelization). For example, the framework sequences may be framework sequences
derived from a light chain variable domain (e.g. a V,-sequence) and/or from a heavy chain
variable domain (e.g. a Viy-sequence). In one particularly preferred aspect, the framework
sequences are either framework sequences that have been derived from a Vyu-sequence
{(in which said framework sequences may optionally have been partially or fully humanized)
or are conventional VH sequences that have been camelized .

[00138] The framework sequences are preferably such that the amino acid sequence
of the invention is a domain antibody (or én amino acid sequence that is suitable for use as
a domain antibody); is a single domain antibody (or an amino acid sequence that is
suitable for use as a single domain antibody}); is a "dAb" (or an amine acid sequence that
is suitable for use as a dAb); or is a NB agent (including but not limited to Vy andfor Vi
sequence). Again, suitable framework sequences will be clear to the skilled person, e.9.,
on the basis the standard handbooks and the further disclosure and art references
mentioned herein.

[00139] In one embodiment, as generally described herein for the amino acid
sequences of the invention, it is possible to use suitable fragments (or combinations of
fragments) of any of the foregoing, such as fragments that contain one or more CDR
sequences, suitably flanked by and/er linked via one or more framework sequences (for
example, in the same order as these CDR's and framework sequences may occur in the
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full-sized immunoglobulin sequence from which the fragment has been derived), Such
fragments may also again be such that they comprise or can form an immunoglobulin foid,
ot alternatively be such that they do not comprise or cannot form an immuncglobulin fold.
[00140] In one aspect, such a fragment comprises a single CDR sequence as
described herein (and in particular a CDR3 sequence), that is flanked on each side by
(part of) a framework sequence (and in particular, part of the framework sequence(s) that,
in the immunoglobuiin sequence from which the fragment is derived, are adjacent to said
CDR sequence. For example, a CDR3 sequence may be preceded by {part of} a FR3
sequence and followed by (part of} a FR4 sequence). Such a fragment may also contain a
disulphide bridge, and in particular a disuiphide bridge that links the two framework regions
that precede and follow the CDR sequence, respectively (for the purpose of forming such a
disulphide bridge, cysteine residues that naturally occur in said framework regions may be
used, or alternatively cysteine residues may be synthetically added to or introduced into
said framework regions). in one embodiment, such a construct is an Expedite fragment.
For a further description of these “Expedite fragments®, reference is again made to WO
03/050531, as well as to the US provisional application of Ablynx N.V. entitled "Peptides
capabie of binding to serum proteins" of Ablynx N.V. (inventors: Revets et al.) filed on
December 5, 2006.

[00141] in one aspect, the invention relates to a NB agent, and in particular a protein or
polypeptide that comprises or essentially consists of one or more arino acid sequences of
the invention (or suitable fragments thereof), and optionally further comprises one or more
other groups, residues, moieties or binding units. As will become clear fo the skilled person
from the further disclosure herein, such further groups, residues, moieties, binding units or
amino acid sequences may or may not provide further functionality to the amino acid
sequence of the invention (and/or to the compound or construct in which i is present) and
may or may not modify the properties of the amino acid sequence of the invention.

[00142] For example, such further groups, residues, moieties or binding units may be
one of more additional amino acid sequences, such that the compound or ¢construct is a
{fusion) protein or {fusion) polypeptide. In a preferred but non-limiting aspect, said one or
more other groups, residues, moieties or binding units are immunoglobulin sequences.
Even more preferably, said one or more other groups, residues, moieties or binding units
are chosen from the group consisting of domain antibodies, amino acid sequences that are
suitable for use as a domain antibody, single domain antibodies, amino acid sequences
that are suitable for use as a single domain antibody, "dAb's", amino acid sequences that
are suitable for use as a dAb, or camelid Vi constructs.

[00143] in one embodiment, such groups, residues, moieties or binding units may e.g.,
be chemical groups, residues, moieties, which may or may not by themselves be
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biologically andfor pharmacologically active. For example, and without limitation, such
groups may be linked to the one or more amino acid sequences of the invention so as to
provide a “derivative” of an amino acid sequence or polypeptide of the invention, as further
described herein.

[00144]  Also within the scope of the present invention are compounds or constructs,
that comprises or essentially consists of one or more derivatives as described herein, and
optionally further comprises one or more other groups, residues, moietles or binding units,
optionally linked via one or more linkers. Preferably, said one or more other groups,
residues, moieties or binding units are amino acid sequences.

[00145] In the compounds or constructs described above, the one or more amino acid
sequences of the invention and the one or more groups, residues, moieties or binding units
may be linked directly to each other and/or via one or more suitable linkers or spacers. For
example, when the one or more groups, residues, moieties or binding units are amino acid
sequences, the linkers may also be amino acid sequences, so that the resulting compound
or construct is a fusion protein or fusion polypeptide. The amino acid sequences of such
linkers may be as provided herein, or may be one known to a person skilled in the art.
[00146] The compounds or polypeptides of the invention can generally be prepared by
a method which comprises at least one step of suitably linking the one or more amino acid
sequences of the invention to the one or more further groups, residues, moieties or binding
units, optionally via the one or more suitable linkers, so as to provide the compound or
polypeptide of the invention. Polypeptides of the invention can also be prepared by a
method which generally comprises at least the steps of providing a nucleic acid that
encodes a polypeptide of the invention, expressing said nucleic acid in a suitable manner,
and recovering the expressed polypeptide of the invention. Such methods can be
performed in a manner known per se, which will be clear to the skilled person, e.g., on the
basis of the methods and techniques further described herein.

[00147] The process of designing/selecting andfor preparing a compound or
polypeptide of the invention, starting from an amino acid sequence of the invention, is also
referred to herein as “formatting” said amino acid sequence of the invention; and an amino
acid of the invention that is made part of a compound or polypeptide of the invention is
said to be “formatted” or to be “in the format of" said compound or polypeptide of the
invention. Examples of ways in which an amino acid sequence of the invention can be
formatted and examples of such formats will be clear to the skilled person based on the
disclosure herein; and such formatted amino acid sequences form a further aspect of the
invention.

[00148] According to one preferred aspect, a compound of the invention is a
multivalent polypeptide that contains two or more (preferably three or more, four or more,
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five or more, six or more, eight or more, and/for ten or morej) amino acid sequences
directed against the DR5 {e.g. amino acid sequences as provided herein), optionally linked
via one or more suitable finkers {(which may be as further described herein) or via a cross-
linking technique or covalent bond created in a manner known to one skilled in the art. [n
one or more altemative embodiments, the multivalent polypeptide contains an optional
subunit that binds to a target other than DRS.

[00149]  In particular, a compound of the invention may be such a multivalent
polypeptide which is capable of inducing, triggering, increasing or enhancing the signaling
mediated by the DR5, and more in particular of triggering or inducing apoptosis in the cell
on which the DR5 is present. In one embodiment, the multivalent pelypeptide consists of
three monomeric DR5 binding units that are operably linked, thereby creating a trimeric
polypeptide. In one embodiment, the multivaient polypeptide consists of four monomeric
DRS binding units that are operably linked, thereby creating a tetrameric polypeptide. in
one embodiment, the multivalent polypeptide consists of five monomeric DRS binding units
that are operably linked, thereby creating a pentameric polypeptide. In one embodiment,
the multivalent polypeptide consists of six monomeric DR5 binding units that are operably
linked, thereby creating a hexameric polypeptide. In one embodiment, the muitivalent
polypeptide consists of seven, eight, nine, ten or more monomeric DRS binding units that
are operably linked, thereby creating additional variants of a multimeric protein.

[00150] As already mentioned herein, such multimeric polypeptide may be further such
that it can bind to the binding site of TRAIL on the DRS, and/or such that they can compete
with TRAIL for binding to the DRS.

{00151] The multivalent polypeptide may also be such that it does not bind to the
binding site for TRAIL on the DRS5, and/or essentially does not prevent or inhibit the
binding of TRAIL to the DRS5, and/or does not compete with TRAIL for binding to the DRS5,
and/or even be such that they increase or enhance the signaling that is mediated by TRAIL
and the DR5 upon binding of TRAIL to its receptor (which may again result in a synergistic
effect upon the signaling mediated by the DRS). In one embodiment, said muitivalent
polypeptide binds to DRS with a higher affinity than a monovalent composition.

[00152] In the multivalent polypeptides of the invention, the amino acid sequences of
the invention that form the binding units may each be directed against the same epitope on
the DRS receptor, e.g., an epitope of DRS, or against different epitopes on the DRS.
[00153] In one specific aspect of the invention, a compound of the invention ora
polypeptide of the invention may have an increased half-life, compared to the
corresponding amino acid sequence of the invention. Some non-limiting examples of such
compounds and polypeptides will become clear to the skilled person based on the further
disclosure herein, and e.g., comprise amino acid sequences or polypeptides of the
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invention that have been chemically modified to increase the half-life thereof {for example,
by means of pegylation); amino acid sequences of the invention that comprise at least one
additional binding site for binding to a serum protein (such as serum afbumin); or
polypeptides of the invention that comprise at least one amino acid sequence of the
invention that is linked to at least one moiety (and in particular at least one amino acid
sequence) that increases the half-life of the amino acid sequence of the invention.
Examples of polypeptides of the invention that comprise such half-life extending moieties
or amino acld sequences will become clear to the skilled person based on the further
disclosure herein; and, e.g., include, without limitation, polypeptides in which the one or
more amino acid sequences of the invention are suitable linked to one or more serum
proteins or fragments thereof (such as {human) serum albumin or suitable fragments
thereof} or to one or more binding units that can bind to serum proteins (such as, e.g.,
domain antibodies, amino acid sequences that are suitable for use as a domain antibody,
single domain antibodies, amino acid sequences that are suitable for use as a single
domain antibody, (dAb’s), amino acid sequences that are suitable for use as a dAb, or
NANOBODIES™ that can bind to serum proteins such as serum albumin (such as human
serum albumin}, serum immunoglobulins such as 1gG, or transferrine; reference is made to
the further description and references mentioned herein); polypeptides in which an amino
acid sequence of the invention is linked to an Fc portion {such as a human Fc¢) ora
suitable part or fragment thereof, or polypeptides in which the one or more aminoe acld
sequences of the invention are suitable linked to one or more small proteins or peplides
that can bind to serum proteins (such as, without limitation, the proteins and peptides
described in WO §1/01743, WO 01/45746, WO 02/076488 and to the US provisional
application of Ablynx N.V. entitled "Peplides capable of binding fo serum proteins” of
Ablynx N.V. filed on December 5, 2008,

[00154] Generally, the compounds or polypeptides of the invention with increased half-
life preferably have a half-life that is at least 1.5 times, preferably at least 2 fimes, such as
at least 5 times, e.g., at least 10 times or more than 20 times, greater than the half-life of
the corresponding amino acid sequence of the invention per se. For example, the
compounds or polypeptides of the invention with increased half-life may have a half-life
that is increased with more than 1 hours, preferably more than 2 hours, more preferably
more than 6 hours, such as more than 12 hours, or even more than 24, 48 or 72 hours,
compared to the corresponding amino acid sequence of the invention per se,

[00155] In a preferred, but non-limiting aspect of the invention, such compounds or
polypeptides of the invention have a serum hailf-life that is increased with more than 1
hours, preferably more than 2 hours, more preferably more than 6 hours, such as more
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than 12 hours, or even more than 24, 48 or 72 hours, compared to the comesponding
amino acid sequence of the invention per se.

[00156] In another preferred, but non-limiting aspect of the invention, such compounds
or polypeptides of the invention exhibit a serum half-life in human of at least about 12
hours, preferably at least 24 hours, more preferably at least 48 hours, even more
preferably at least 72 hours or more. For example, compounds or polypeptides of the
invention may have a half-life of at [east 5 days (such as about 5 to 10 days), preferably at
least 8 days (such as about 9 to 14 days), more preferably at least about 10 days (such as
about 10 {o 15 days), or at least about 11 days (such as about 11 to 16 days), more
preferably at least about 12 days (such as about 12 to 18 days or more), or more than 14
days (such as about 14 to 19 days).

[00157] in another aspect, the invention relates to a nucleic acid that encodes an
amino acid sequence of the invention or a polypeptide of the invention (or a suitable
fragment thereof). Such a nucleic acid will also be referred to herein as a “nucleic acid of
the invertion” and may, e.g., be in the form of a genetic construct, e.g., a CDR fragment or
in a vector, as further described herein. In one embodiment, the nucleic acid sequences of
the invention encode the NB constructs of any ane or more polypeptide disclosed in any
one or more of Tables 1 through 4. In one embodiment, the nucleic acid sequence of the
invention encodes any one or more construct provided in SEQ D NOs: 1-72, 81-82 and
87-92. In one embodiment, the nucleic acid sequences of the invention are codon
optimized for expression in the host cell or host organism of interest. In one embodiment,
the codon optimization is for expression in a mammalian cell. In one embodiment, the
codon oplimization is for expression in a yeast cell. In one embadiment, the codon
optimization is for expression in E. colf.

[00158] In another aspect, the invention relates to a host or host cell that expresses (or
that under suitable circumstances is capable of expressing) an amino acid sequence of the
invention and/or a polypeptide of the invention; and/or that contains a nucleic acid of the
invention. Some preferred but non-limiting examples of such hosts or host cells will
become clear from the further description herein.

[00159] The invention further relates to a product or composition containing or
comprising at least one amino acid sequence of the invention, at least one polypeptide of
the invention (or a suitable fragment therecf}, at [east one compound of the invention
and/or at least one nucleic acid of the invention, and optionally one or more further
components of such compositions known per se, i.e., depending on the intended use of
the composition. Such a product or composition may, e.g., be a pharmaceutical
composition (as described herein), a veterinary composition or a product or compasition
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for diagnostic use (as also described herein). Scme non-limiting examples of such
products or compositions are provided herein.

[00160] In one embodiment the invention relates to the use of a NB construct, or of a
composition comprising the same, in methods or compositions for modulating DRS, either
in vitro (e.q. in an in vitro or cellular assay) or in vivo {e.g. in an a single cell orin a
multiceliular organism, and in particular in a mammal, and more in particular in a human
being, such as in a human being that is at risk of or suffers from a diseases and disorders
associated with DR5}.

[00161] The invention also relates to methods for modulating DRS, either in vitro (e.q.
in an in vitro or cellular assay) or in vivo (2.9. in an a single cell or muiticeliular organism,
and in particular in a mammal, and more in particular in a human being, such as in a
human being that is at risk of or suffers from a diseases and disorders associated with
DR5}, which method comprises at least the step of contacting DR5 with at least one amino
acid sequence, NB construct of the invention, or with a composition comprising the same,
in a manner and in an amount suitable to modulate DRS, with at least one amino acid
sequence, NB construct of the invention.

[0D162] The invention also relates to the use of an one amino acid sequence, NB
construet of the invention in the preparation of a composition (such as, without limitation, a
pharmaceutical composition or preparation as further described herein) for modulating
DRS, either in vitro (e.g. in an in vitro or cellular assay) or in vivo {e.g. in an a single cell or
multicellular organism, and in particular in a mammal, and more in particular in a human
being, such as in a human being that is at risk of or suffers from a diseases and disorders
associated with DR5}.

[00163] Inthe context of the present invention, “modulating” or “to modulate” generally
means either reducing or completely inhibiting the activity of, or alternatively increasing the
activity of, DR5, as measured using a suitable in vitro, cellular or in vivo assay (such as
those mentioned herein). In particular, “modulating” or “tc modulate” may mean either
reducing or completely inhibiting the activity of, or alternatively increasing the activity of
DRS5, as measured using a suitable in vitro, cellular or in vivo assay (such as those
mentioned herein), by at least 1%, preferably at least 5%, such as at least 10% or at l=ast
25%, e.g., by at least 50%, at least 60%, at least 70%, at least 80%, or at least 90% or
more, compared to activity of DR5 in the same assay under the same conditions but
without the presence of the NB construct of the invention. In a main embodiment, DR5
activity, especially including DR5-mediated signaling, requires the formation of a trimer of
DR5 on the cell surface. In one embodiment, a NB construct herein acts to modulate DR5
activity by promoting the formation of a DR5 homotrimer and thereby increasing the DR5-
mediated initiation of apoptosis, e.g., via the exdrinsic cell death pathway.
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[00164]  As will be clear to the skilled person, "modulating” may also involve effecting a
change (which may either be an increase or a decrease) in affinity, avidity, specificity
and/or selectivity of DR5 for one or more of its targets, ligands or substrates; and/or
effecting a change (which may either be an increase or a decrease) in the sensitivity of
DRS5 for one or more conditions in the medium or surroundings in which DR5 is present
(such as pH, ion strength, the presence of co-factors, etc.), compared to the same
conditions but without the presence of the amine acid sequence, NB construct of the
invention. As will be clear to the skilled person, this may again be determined in any
suitable manner and/or using any suitable assay known per se, such as the assays
described herein or in the art references cited herein.
[00165] “Modulating” may also mean effecting a change (i.e., an activity as an agonist
of as an antagonist, respectively) with respect to one or more biological or physiological
mechanisms, effects, responses, functions, pathways or activities in which DR5 {or in
which its substrate(s), ligand(s) or pathway(s) are involved, such .as its signaling pathway
or metabolic pathway and their associated biolegical or physiological effects) is invalved.
Again, as will be clear to the skilled person, such an action as an agonist or an antagonist
may be determined in any suitable manner and/or using any suitable {in vitro and usually
cellular or in assay) assay known per se, such as the assays described herein or in the art
references cited herein. In particular, an action as an agonist or antagonist may be such
that an intended biological or physiological activity is increased or decreased, respectively,
by at least 1%, preferably at least 5%, such as at least 10% or at least 25%, e.g., by at
least 50%, at least 60%, at least 70%, at least 80%, or at ieast 90% or more, compared to
the biclegical or physiolcgical activity in the same assay under the same conditions but
without the presence of the NB construct of the invention.
[00166] Modulating may, e.g., involve reducing or inhibiting the binding of DR5 to one
of its substrates or ligands and/or competing with a natural ligand, substrate for binding to
DR5. Modulating may also involve activating DR5 or the mechanism or pathway in which it
is involved. Modulating may be reversible or irmeversible, but for pharmaceutical and
pharmacological purposes will usually be in a reversible manner.
[00167] The invention further relates to methods for preparing or generating the amino
acid sequences, polypeptides, nucleic acids, host cells, products and compositions
described herein. Some preferred but non-limiting examples of such methods will become
clear from the further description herein.
[00168] Generally, these methods may comprise the steps of:

a) providing a set, collection or library of amino acid sequences;

b) screening said set, collection or library of amino acid sequences for amino acid
sequences that can bind to andfor have affinity for DR5; and
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¢) isolating the amino acid sequence(s) that bind to and/or have affinity for DR5.
[60169] Insuch a method, the set, collection or library of amino acid sequences may be
any suitable set, collection or library of amino acid sequences, For example, the set,
collection or library of amino acid sequences may be a set, collection or library of
immunoglobulin sequences (as described herein), such as a naive set, collection or library
of immunoglobulin sequences; a synthetic or semi-synthetic set, collection or library of
immunoglobulin sequences; and/or a set, collection or library of immunoglobulin
sequences that have been subjected to affinity maturation.
[00170]  Also, in such a method, the set, collection or library of amino acid sequences
may be a set, collection or library of heavy chain variable domains (such as Vy domains or
Vun domains) or of light chain variable domains. For example, the set, collection or library
of amino acid sequences may be a set, collection or library of domain antibodies or single
domain antibodies, or may be a set, collection or library of amino acid sequences that are
capable of functioning as a domain antibody or single domain antibody.
[00171] In a preferred aspect of this method, the set, collection or library of amino acid
sequences may be an immune set, collection or library of immunoglobulin sequences, e.g.,
derived from a mammal that has been suitably immunized with DRS or with a suitable
antigenic determinant based thereon or derived therefrom, such as an antigenic part,
fragment, region, domain, loop or other epitope thereof. In one particular aspect, said
antigenic determinant may be an extracellular part, region, domain, loop or other
extracellular epitope(s).
[00172] Inthe above methods, the set, collection or library of amino acid sequences
may be displayed on a phage, phagemid, ribosome or suitable micro-organism (such as
yeast)}, such as to facilitate screening. Suitable methods, techniques and host organisms
for displaying and screening (a set, collection or library of) amino acid sequences will be
clear to the person skilled in the art, e.g., on the basis of the further disclosure herein.
Reference is also made to the review by Hoogenboom in Nature Biotechnology, 23(9):
1105-1116 (2005).
[00173] In another aspect, the method for generating amino acid sequences comprises
at least the steps of:

a) providing a collection or sample of cells expressing amino acid sequences;

b) screening said collection or sample of cells for cells that express an amino acid
sequence that can bind to andfor have affinity for DR5; and

c) either (1) isolating said amino acid sequence; or (2) isolating from said cell a
nucleic acid sequence that encodes said amino acid sequence, followed by expressing
said aminoe acid sequence.
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{00174] Forexample, when the desired amino acid sequence is an immunoglobulin
sequence, the collection or sample of cells may, e.g., be a collection or sample of B-cells.
Also, in this method, the sample of cells may be derived from a mammal that has been
suitably immunized with DR5 or with a suitable antigenic determinant based thereon or
derived therefrom, such as an antigenic part, fragment, region, domain, loop or other
epitope thereof. In one particular aspect, said antigenic determinant may be an
extracellular part, region, domain, loop or other extracellular epitope(s).

[00175] The above method may be performed in any suitable manner, as will be clear
to the skilled person. Reference is, e.g., made to EP 0 542 810, WO 05/19824, WO
04/051268 and WO 04/108377. The screening of step b} is preferably performed using a
flow cytometry iechnique such as FACS. For this, reference is, e.g., made to Lieby et al.,
Blood, 97(12), 3820 {2001).

[00176] In another aspect, the method for generating an amino acid sequence directed
against DR5 may comprise at least the steps of:

a) providing a set, collection or library of nucleic acid sequences encoding amino
acid sequences;

b) screening said set, collection or library of nucleic acid sequences for nucleic
acid sequences that encode an amino acid sequence that can bind to and/or has affinity
for DR5; and

¢} isolating said nucleic acid sequence, followed by expressing said amino acid
sequence.

[00177] In such a method, the set, collection or library of nucleic acid sequences
encoding amino acid sequences may, e.g., be a set, collection or library of nucleic acid
sequences encoding a naive set, collection or library of immunogiobulin sequences; a set,
collection or library of nucleic acid sequences encoding a synthetic or semi-synthetic set,
collection or library of immunoglobulin sequences; and/or a set, collection or library of
nucleic acid sequences encoding a set, colleciion or library of immunoglobulin sequences
that have been subjected to affinity maturation.

[00178]  Also, in such a method, the set, collection or library of nucleic acid sequences
.may encode a set, collection or library of heavy chain variable domains (such as Vy
domains or Vy domains) or of light chain variable domains. In one example, the set,
coHection or library of nucleic acid sequences encode a set, collection or library of domain
antibodies or single domain antibodies, or a set, collection or library of amino acid
sequences that are capable of functioning as a domain antibody or single domain
antibody.

[00179] In one aspect of this method, the set, collection or library of amino acid
sequences may be an immune set, collection or library of nucleic acid sequences, e.g.,
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derived from a mammal that has been suitably immunized with DRS or with a suitable
antigenic determinant based thereon or derived therefrom, such as an antigenic part,
fragment, region, domain, loop or other epitope thereof. In one particular aspect, said
antigenic determinant may be an extraceliular part, region, domain, loop or other
extracellular epitope(s).

[00180] The set, collection or library of nucleic acid sequences may, e.g., encode an
immune set, collection or library of heavy chain variable domains or of light chain variable
domains. In one specific aspect, the set, collection or library of nuclectide sequences may
encode a set, collection or library of Vyy, sequences.

[00181]  Inthe above methods, the set, collection or library of nuclectide sequences
may be displayed on a phage, phagemid, ribosome or suitable micro-organism (such as
yeast), such as to facilitate screening. Suitable methods, techniques and host organisms
for displaying and screening (a set, collection or library of) nucleotide sequences encoding
amino acid sequences will be clear to the person skilled in the art, e.g., on the basis of the
further disclosure herein. Reference is also made to the review by Hoogenboom in Nature
Biotechnology, 23(9): 1105-1116 (2005).

[00182]  The invention also relates to amino acid sequences that are obtained by the
above methods, or alternatively by a method that comprises one of the above methods
and in addition at least the steps of determining the nucleotide sequence or amino acid
sequence of said immunoglobulin sequence; and of expressing or synthesizing said amino
acid sequence in a known manner, such as by expression in a suitable host cell or host
organism or by chemical synthesis.

[00183] Also, following the steps above, one or more amino acid sequences of the
invention may be suitably humanized {or alternatively camelized); and/or the amino acid
sequence(s) thus obtained may be linked to each other or to one or more other suitable
amino acid sequences (opticnally via one or more suitable linkers) so as to provide a
polypeptide of the invention. Also, a nucleic acid sequence encoding an amino acid
sequence of the invention may be suitably humanized (or alternatively camelized) and
suitably expressed; and/or one or more nucleic acid sequences encoding an amino acid
sequence of the invention may be linked to each other or to one or more nucleic acid
sequences that encode other suitable amino acid sequences (optionally via nucieotide
sequences that encode one or more suitable linkers), after which the nucleotide sequence
thus obtained may be suitably expressed so as to provide a polypeptide of the invention.
[00184] The invention further relates to applications and uses of the amino acid
sequences, compounds, constructs, polypeptides, nucleic acids, host cells, products and
compositions described herein, as well as to methods for the prevention and/or treatment
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for diseases and disorders associated with DR5. Some preferred but non-limiting
applications and uses wilt become clear from the further description herein.

[00185] In one embodiment, the invention reiates to the amino acid sequences,
compounds, constructs, polypeptides, nudleic acids, host cells, products and compositions
described herein for use in therapy of a disease or disorder.

[00186] In one embodiment, the invention relates to one or more of the amino acid
sequences, compounds, constructs, polypeptides, nucleic acids, host cells, products and
compositions described herein for use in therapy of a subject ai risk for or suffering from a
disease or disorder that can be prevented or treated by administering, to the subject in
need thereof, a pharmaceutically effective amount of an amino acid sequence, compound,
construct or polypeptide as described herein as an NB agent or NB construct.

[00187] In one embodiment, the invention relates to the amino acid sequences,
compounds, constructs, polypeptides, nucleic acids, host cells, products and compositions
described herein for use in therapy of diseases and disorders associated with DRS.
[00188] Other aspects, embodiments, advantages and applications of the invention will
become clear from the further description herein, in which the invention is described and
discussed in more detail,

[00189] In certain embodiments, inventive Vyy varianis of the NB agents generally offer
certain advantages (outlined herein) compared to “"dAb’s" or similar (single} domain
antibodies or immunoglobulin sequences, which advantages are also provided by the
inventive compositions of the invention. However, it will be clear to the skilled person that
the more general aspects of the teaching below can also be applied {either directly or
analogously) to other amino acid sequences of the invention.

Definitions

[00190] Inthe present description, examples and claims, the following definitions are
generally applied, unless indicated otherwise. As used below and throughout the text, the
use of a term or phrase in the singular is meant to incorporate the meaning of the plural,
and vice versa, unless noted ctherwise or apparent through context.

[00184]) Unless indicated or defined otherwise, all terms used have their usual meaning
in the art, which will be clear to the skilled person. Reference is made, e.qg., to the standard
handbooks, such as Sambrook et al, "Molecular Cloning: A Laboratory Manual" ( 2nd.Ed.),
Vols. 1-3, Cold Spring Harbor Laboratory Press {1989); F. Ausubel et al, eds., "Current
protocols in molecular biology”, Green Publishing and Wiley Interscience, New York
(1987); Lewin, "Genes lI", John Wiley & Sons, New York, N.Y., (1985); Old et al.,
"Principles of Gene Manipulation: An Introduction to Genetic Engineering”, 2nd edition,
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University of California Press, Berkeley, CA (1981); Roitt et al., "Immunology" (6th. Ed.),
Mosby/Elsevier, Edinburgh (2001); Roitt et al., Roitt's Essential Immunology, 10 Ed.
Blackwell Publishing, UK (2001); and Janeway et al., "immunobiology" (6th Ed.), Garland
Science Publishing/Churchill Livingstone, New York (2005), as well as to the general
background art cited herein. Additional references include, e.g., the following reviews:
Presta, Adv. Drug Deliv. Rev. 2006, 58 (5-6): 640-56; Levin and Weiss, Mol. Biosyst. 2008,
2(1): 48-57, Irving et al, J. Immunol. Methods, 2001, 248(1-2), 31-45; Schmitz et al.,
Placenta, 2000, 21 Suppl. A, S106-12, Gonzales et al., Tumour Biot., 2005, 26(1}, 31-43,
which describe techniques for protein engineering, such as affinity maturation and other
techniques for improving the specificity and other desired properties of proteins such as
immunogliobulins.

[00192] Unless indicated otherwise, it is believed that all methods, steps, technigues
and manipulations that are not specifically described in detail can be performed and have
been performed in a manner known per se, and will be clear to the skilled person,
Reference is again made, e.g., to the standard handbooks and the general background art
mentioned herein and to the further references cited therein. Amino acid residues will be
indicated according to the standard three-letter or one-fetter amino acid code as provided
by the IUPAC Code Tables.

[00193] Unless indicated otherwise, the term "immunoglobulin sequence”, whether
used herein to refer to a heavy chain antibody or to a conventional four-chain antibody, is
used as a general term to include both the full-size antibody, the individual chains thereof,
as well as all parts, domains or fragments thereof (including but not limited to antigen-
binding domains or fragments such as Vyy domains or Vi/V, domains, respectively).
[00194] The term "sequence” as used herein (for example in terms like
"immurnoglobulin sequence”, “antibody sequence"”, "variable domain sequence”, "sdAb
sequence”, "V sequence”, "V sequence” or "protein sequence"), is generally used to
include both the relevant amino acid sequence as well as nucleic acid sequences or
nucleotide sequences encoding the same, unless the context requires 2 more limited
interpretation.

[00195] Unless indicated otherwise, the terms *nucleotide sequence” and “nucleic acid”
generally is used interchangeably to refer to a polymer of deoxyribonucleic acids (DNA) or
ribonucleic acids (RNA), unless the context requires a more limited interpretation.

[00186] Forthe purposes of comparing two or more nucleotide sequences, the
percentage of “sequence identity” between a first nucleotide sequence and a second
nucleotide sequence may be calculated or determined, e.g., by taking the number of
nucleotides in the first nucleotide sequence that are identical to the nucleotides at the
corresponding positions in the second nucleotide sequence, dividing that number by the



10

15

20

25

35

WO 2011/098520 PCT/EP2011/051938
53

toial number of nucleotides in the first nucleotide sequence and then multiplying by 100%.
Each deletion, insertion, substitution or addition of a nucleotide in the second nucieotide
sequence - when compared to the first nucleotide sequence - is considered as a difference
at a single nucleotide position. One skilled in the art may also use a suitable computer
algorithm or technique such as, e.g., NCBI Blast v2.0, using standard settings.

[00197]  With regard to framework 1 (FR1), it should be clear to the skilled person that,
for determining the degree of amino acid identity, the amino acid residues on positions 1 to
4 and 27 to 30 are preferably disregarded.

[00198] in one embodiment, in determining the degree of sequence identity between
two amino acid sequences, the skilled person may take into account so-called
“conservative” amino acid substitutions. Conservative substitutions are known in that art
and are substitutions in which one amino acid is substituted by another amino acid residue
within the same group that have a common property. Conserved amino acid groups and
their common properties are as follows: (a) small aliphatic, nonpolar or slightly polar
residues, including Ala, Ser, Thr, Pro and Gly; (b) polar, negatively charged residues and
their (uncharged) amides, including Asp, Asn, Glu and Gln; (c} polar, positively charged
residues, including His, Arg and Lys; (d) large aliphatic, nonpolar residues, including Met,
Leu, He, Val and Cys; and (e) aromatic residues, including Phe, Tyr and Trp.

[00199) Particularly preferred conservative substitutions are as follows: Ala into Gly or
info Ser; Arg into Lys; Asn into Gin or into His; Asp into Glu; Cys into Ser; Gin info Asn; Glu
into Asp; Gly into Ala or info Pro; His into Asn or into Gln; lle into Leu or into Val; Leu into
e orinto Val; Lys inta Arg, into GIn or into Glu; Met into Leu, into Tyr or into lle; Phe into
Met, into Leu or into Tyr; Ser into Thr; Thr into Ser; Trp into Tyr; Tyr into Trp; and/or Phe
into Val, into lle ar into Leu.

[00200] Any amino acid substitutions applied to the polypeptides described herein may
also be based on the analysis of the frequencies of amino acid variations between
homologous proteins of different species developed by Schulz et al., Principles of Protein
Structure, Springer-Verlag, 1978, on the analyses of structure forming potentials
developed by Chou and Fasman, Biochemistry 13: 211, 1974 and Adv. Enzymol., 47: 45-
149, 1978, and on the analysis of hydrophobicity patterns in proteins developed by
Eisenberg et al., Proc. Natl. Acad. Sci. USA B1: 140-144, 1984; Kyte & Doolittle; J Molec.
Biol. 157: 105-132, 198 1, and Goldman et al., Ann. Rev. Biophys. Chem. 15; 321-353,
1986. Information on the primary, secondary and tertiary structure of camelid Vuy
constructs is given in the general background art cited above, and the crystal structure of
such a Vuy construct from a llama is, e.g., given by Desmyter et al., Nature Structural
Biology, Vol. 3, 8, 803 (1996); Spinelli et al., Natural Structural Biology (1996), 3, 752-757;
and Decanniere et al., Structure, Val. 7, 4, 361 (1999). Further information about some of
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the amino acid residues that in conventional V; domains form the ViV, interface and
potential camelizing substitutions on these positions can be found in the art cited above.
[00201] Amino acid sequences and nucleic acid sequences are said to be “exactly the
same” if they have 100% sequence identity over their entire length.

[00202] When comparing two amino acid sequences, the term “amino acid difference”
refers to an insertion, deletion or substitution of a single amino acid residue on a position
of the first sequence, compared to the second sequence; it being understood that two
amino acid sequences can contain one, two or more such amino acid differences:
[00203] When a nucleotide sequence or amino acid sequence is said to "comprise"
another nucleotide sequence or amine acid sequence, respectively, or to "essentially
consist of another nucleotide sequence or amino acid sequence, this generally means that
the first mentioned nucleotide sequence or amine acid sequence has within its sequence a
stretch of nucleotides or amino acid residues, respectively, that has the same nucleotide
sequence or amino acid sequence, respectively, as the latter sequence, imespective of
how the first mentioned sequence has actually been generated or obtained {which may,
e.g., be by any suitable method described herein).

[00204] The term "in essentially isolated form” for a nucieic acid or amino acid
sequence is separated from at least one other component with which it is usually
associated in a source or medium, compared to its native biological source andfor the
reaction medium or cultivation medium from which it has been obtained. The “at least one
other component” may be another nucleic acid, another protein/polypeptide, another
biological component or macromolecule or at least one contaminant, impurity or minor
component. In one embodiment, a nucleic acid sequence or amino acid sequence is
considered "essentially isolated” when it has been purified at least 2-fold, in particufar at
least 10-fold, more in particular at least 100-fold, and up to 1000-fold or more. A nucleic
acid sequence or amino acid sequence that is "in essentially isolated form" is preferably
essentially homogeneocus, as determined using a suitable technique, such as a suitable
chromatographical technique, such as polyacrylamide-gel electrophoresis.

[00205] The terms “domain” and "binding domain” as used herein generally refers to a
globular region of an antibody chain, and in particular to a globular region of a heavy chain
antibody, or to a polypeptide that essentially consists of such a globular region. Usually,
such a domain will comprise peptide loops (for example 3 or 4 peptide loops) stabilized,
e.g., as a sheet or by disulfide bonds.

[00206] The terms “antigenic determinant” and “epitope”, which may also be used
interchangeably herein, refers to the epitope on the antigen recognized by the antigen-
binding molecule (such as a NB construct of the invention) and more in particular by the
antigen-binding site of said molecule.
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[00207] An amino acid sequence {such as a NB construct of the invention, a Vi, or Vy
construct, an antibody, or generally an antigen binding protein or polypeptide or a fragment
thereof) that can (specifically) bind to, that has affinity for, and/or that has specificity for a
particular antigenic determinant, epitope, antigen or protein {or for at least one par,
fragment or epitope thereof) is said to be “against’ or “directed against” said antigenic
determinant, epitope, antigen or protein.

[00208] The term “specificity” as mentioned therein refers to the number of different
types of antigens or antigenic determinants to which a paricular antigen-binding molecule
or antigen-binding protein {(such as a NB construct of the invention} molecule can bind.
The specificity of an antigen-binding protein can be determined based on affinity and/or
avidity. Typically, antigen-binding proteins {such as the NB construct of the invention} will
bind to their antigen with a dissociation constant (Kp) of 10° to 1072 moles/liter or [ess, and
preferably 107 to 102 molesfliter or less and more preferably 10 to 10™'2 moles/liter (i.e.,
with an association constant {Ka) of 10° to 10*2 liter/ moles or more, and preferably 107 to
10" fiter/moles or more and more preferably 10° to 10" liter/moles). Any Kp value greater
than 10% mol/liter (or any K, value lower than 10" M) liters/mol is generally considered to
indicate non-specific binding. Preferably, a NB construct of the invention will bind to its
desired antigen with an affinity less than 500 nM, preferably less than 200 nM, more
preferably less than 10 nM, such as less than 500 pM. “Specific hinding” of an antigen-
binding protein to an antigen or antigenic determinant can be determined in any suitable
manner known per se, including, e.g., Scatchard analysis and/or competitive binding
assays, such as radicimmunocassays (RIA}, enzyme immunoassays (EIA} and sandwich
competition assays, and the different variants thereof known per se in the art; as well as
the other techniques mentioned herein,

[00209]  “Affinity”, represented by the equilibrium constant for the dissociation of an
antigen with an antigen-binding protein (Kp), is a measure for the binding strength between
an antigenic determinant and an antigen-binding site on the antigen-binding protein: the
lesser the value of the K, the stronger the binding strength between an antigenic
determinant and the antigen-binding molecule (alternatively, the affinity can also be
expressed as the affinity constant (Ka), which is 1/Kp). As will be clear to the skilled
person, affinity can be determined in a manner known per se, depending on the specific
antigen of interest.

[00210] “Avidity” is the measure of the strength of binding between an antigen-binding
molecule {such as a NB construct of the invention) and the pertinent antigen. Avidity is
related to both the affinity betwesn an antigenic determinant and its antigen binding site on
the antigen-binding molecule and the number of pertinent binding sites present on the
antigen-hinding molecule.
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[00211] The dissociation constant may be the actual or apparent dissociation constant.
Methods for determining the dissociation constant are known in the art.

[00212] The phrase “specifically binds” or “selectively binds,” when used in the context
of describing the interaction between an antigen (g.g., a protein) and an NB construct, or
functional fragment thereof, e.g., having the disclosed CDRs in the framework of an
antibody, antibody fragment, or antibody-derived binding agent, refers to a binding reaction
that is determinative of the presence of the antigen in a heterogeneous population of
proteins and other biologics, &.g., in a biological sample, e.g., a blood, serum, plasma or
tissue sample. Thus, under certain designated immunocassay conditions, the NB construct,
antibodies or binding agents with a particular binding specificity bind to a particular antigen
at least two times the background and do not substantially bind in a significant amount to
other antigens present in the sample. In one embodiment, under designated
immunoassay conditions, the NB construct, antibody or binding agents with a particular
binding specificity bind to a particular antigen at least ten {10} times the background and
do not substantially bind in a significant amount to other antigens present in the sample.
Specific binding to an NB construct, antibody or binding agent under such conditions may
reguire the NB construct, antibody or binding agent to have been selected for its specificity
for a particular protein. As desired or appropriate, this selection may be achieved by
subtracting out NB constructs or antibodies that cross-react with, e.¢., DR5 molecules from
other species (e.g., mouse or rat) or other polypeptides that are Death Receptor family
members or subtypes. Alternatively, in some embodiments, NB constructs, antibodies or
antibody fragments are selected that cross-react with certain desired molecules.

[00213] A variety of immunoassay formats may be used to select NB constructs that
are specifically immunoreactive with a particular protein. For example, solid-phase ELISA
immunoassays are routinely used to select antibodies specifically immunoreactive with a
protein (see, e.g., Harlow & Lane, Using Antibodies, A Laboratory Manual (1998), for a
description of immunoassay formats and conditions that can be used to determine specific
immunoreactivity) and can likewise be used for NB construct binding analysis. Typically a
specific or selective binding reaction will produce a signal at least twice over the
background signal and more typically at least than 10 to 100 times over the background.

In addition o the affinity constant (Ka) described herein, an DR5-binding NB construct of
the invention typically als¢ has a dissociation rate constant (Kp) (Kow'kon} of less than
5x107 M, less than 10°M, less than 5x10°M, less than 10°M, less than 5x10*M, less than
107*M, less than 5x10°°M, less than 10°°M, less than 5x10™M, less than 10°M, less than
5x107M, less than 107M, less than 5x10-°M, less than 10°M, less than 5x10°°M, less than
10"°M, less than 5x10™°M, less than 10""M, less than 5x10"'M, less than 107"'M, less than
5x107*M, less than 10"°M, less than 5x10™°M, less than 107°M, less than 5x10°™*M, less
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than 1074, less than 5x107'5M, or less than 107°M or lower, and binds to DR5 with an
affinity that is at least two-fold greater than its affinity for binding to a non-specific antigen
{e.g., human serum albumin “HSA").

[00214] The half-life of an amino acid sequence, compound or polypeptide of the
invention generally refers to the time {aken for the serum concentration of the construct to
be reduced by 50%, in vivo, e.g., due tc degradation of the sequence or compound and/or
clearance or sequestration of the sequence or compound by natural mechanisms. The in
vivo half-life of an amino acid sequence, compound or polypeptide of the invention can be
determined in any manner known per se, such as by pharmacokinetic analysis. Suitable
techniques will be clear to the person skilled in the art. Half-life can be expressed using
parameters such as the t,;-alpha, 1;»-beta and the area under the curve (AUC). See the
Experimental Part below, plus standard handbooks, such as Kenneth et al., Chemical
Stability of Pharmaceuticals: A Handbook for Pharmacists, and Peters et al.,
Pharmacokinetic analysis: A Practical Approach (19886); Gibaldi & Perron,
"Pharmacokinetics”, published by Marcel Dekker, 2nd Rev. edition {(1982}. The terms
‘increase in half-life” or “increased half-life” refer to an increase in the t;,.-beta, either with
or without an increase in the ty»-alpha and/or the AUC or both.

[00215] - "Diseases and disorders associated with DR5" are as defined above and
throughout the specification, e.g., in paragraphs [0051]. While not being limited by theory,
the mechanism of action of DR5 in such diseases and/or disorders is believed to be as
provided, e.g., in paragraph [0052]. Nonlimiting examples of contemplated diseases and
disorders asscciated with DR5 are as provided and throughout the specification, including
e.g., in paragraph [0053], and others may become apparent to one skilled in the art based
upon the teachings provided herein.

[00218] In the context of the present invention, “modulating™ or “te modulate” generally
means either reducing or inhibiting the aclivity of, or alternatively increasing the activity of,
a target or antigen, as measured using a suitable in vitro, cellular or in vivo assay. In
particular, “modulating” or “to modulate® may mean either reducing or inhibiting the activity
of, or alternatively increasing a (relevant or intended) biclegical activity of, a target or
antigen, as measured using a suitable in vitro, cellular or in vive assay (which will usually
depend on the target or antigen involved), by at least 1%, preferably at least 5%, such as
at least 10% or at least 25%, e.g., by at least 50%, at least 60%, at least 70%, at [east
80%, or at least 90% or maore, compared to activity of the target or antigen in the same
assay under the same conditions but without the presence of the construct of the
invention.

[00217)  As will be clear to the skilled person, “modulating” may also involve effecting a
change {(which may either be an increase or a decrease) in affinity, avidity, specificity
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and/or selectivity of a target or antigen for one or more of its ligands, binding partners,
partners for association into a homomuitimeric or heteromultimeric form, or substrates;
and/or effecting a change (which may either be an increase or a decrease) in the
sensitivity of the target or antigen for one or more conditions in the medium or
surroundings in which the target or antigen is present {such as pH, ion strength, the
presence of co-factors, etfc.), compared to the same conditions but without the presence of
the construct of the invention. As will be clear fo the skilled person, this may again be
determined in any suitable manner andfor using any suitable assay known per se,
depending on the target or antigen involved.

[00218] In one embodiment, “modulating” may also mean effecting a change (i.e., an
activity as a neutralizing agent, as an agonist, as an antagonist or as a reverse agonist,
respectively, depending on the target or antigen and the desired biological or physiological
effect) with respect to one or more biclogical or physiological mechanisms, effects,
responses, functions, pathways or activities in which the target or antigen (or in which its
substrate(s), ligand(s) or pathway(s) are involved, such as its signaling pathway or
metabolic pathway and their associated biological or physiclogical effects) is involved. As
will be clear to the skilled person, such an action as a neutralizing agent, as an agonist or
an antagonist may be determined in any suitable manner and/or using any suitable (in vitro
and usually cellular or in assay) assay known per se, depending on the target or antigen
involved. In particular, an action as an agonist or antagonist may be such that an intended
biological or physiclogical activity is increased or decreased, respectively, by at least 1%,
preferably at least 5%, such as at least 10% or at least 25%, e.g., by at least 50%, at least
B0%, at least 70%, at least 80%, or at least 90% or more, compared to the biological or
physiological activity in the same assay under the same conditions but without the
presence of the construct of the invention.

[00219] Modulating may involve, e.g., allosteric modulation of the target or antigen;
and/or reducing or inhibiting the binding of the target or antigen to one of its substrates or
ligands and/or competing with a natural ligand, substrate for binding to the target or
antigen. Modulating may also involve activating the target or antigen or the mechanism or
pathway in which it is involved. Modulating may also involve, e.g., effecting a change in
respect of the folding or confirmation of the target or antigen, or in respect of the ability of
the target or antigen to fold, to change its confirmation (for example, upon binding of a
ligand), to associate with other (sub)units, or to disassaciate. Modulating may involve, e.g.,
effecting a change in the ability of the target or antigen to transport other compounds or to
serve as a channel for other compounds (such as ions).

[00220] Modulating may be reversible or irreversible, but for pharmaceutical and
pharmacological purposes will usually be in a reversible manner.
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[00221] [n respect of a target or antigen, the term “interaction site” on the target or
antigen means a site, epitope, antigenic determinant, part, domain or stretch of amino acid
residues on the target or antigen that is a site for binding to a ligand, receptor or other
binding partner, a catalytic site, a cleavage site, a site for allosteric interaction, a site
involved in multimerization (such as homomerization or heteromerization) of the target or
aniigen; or any other site, epitope, antigenic determinant, part, domain or stretch of amino
acid residues on the target or antigen that is involved in a biological action or mechanism
of the target or antigen. More generally, an “interaction site” can be any site, epitope,
antigenic determinant, part, domain or stretch of amino acid residues on the target or
antigen to which an amino acid sequence or polypeptide of the invention can bind such
that the target or antigen (andfor any pathway, interaction, signaling, biological mechanism
or biological effect in which the target or antigen is involved) is modulated.
[00222] An amino acid sequence or polypeptide is said to be “specific for” a first target
or antigen compared to a second target or antigen when is binds to the first antigen with an
affinity (as described above, and suitably expressed as a K, value, K, value, I rate
andfor K, rate) that is at least 10 imes, such as at least 100 times, and preferably at least
1000 times, and up to 10,000 times or more better than the affinity with which said amino
acid sequence or polypeptide binds fo the second target or polypeptide. For example, the
first antigen may bind to the target or antigen with a Kp value that is at least 10 times less,
e.g., at least 100 times less, and preferably at least 1000 times less, such as 10,000 times
less or even a greater fold difference, than the Ky with which said amino acid sequence or
| polypeptide binds to the second target or polypeptide. In one embodiment, when an amino
acid sequence or polypeptide is “specific for” a first target or antigen compared to a second
target or antigen, it is directed against said first target or antigen, but not directed against
said second target or antigen.
[00223] The terms “cross-block”, “cross-blocked” and “cross-blocking' are used
interchangeably herein to mean the ability of an amino acid sequence or other binding
agents (such as a polypeptide of the invention) to interfere with the binding of other amino
acid sequences or binding agents of the invention to a given target. The extend to which
an amino acid sequence or other binding agents of the invention is able to interfere with
the binding of another to DR5, and therefore whether it can be said to cross-block
according io the invention, can be determined using compefition binding assays. One
particularly suifable quantitative assay uses a Biacore machine which can measure the
extent of interactions using surface plasmon resonance technology. Another suitable
quantitative cross-blocking assay uses an ELISA-based approach to measure competition
between amino acid sequence or another binding agents in terms of their binding to the
target.
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[00224] A suitable assay for determining whether an amino acid sequence or other
binding agent cross-blocks or is capable of cross-blocking according to the invention is an
exemplary Biacore assay or an exemplary ELISA assay.

[00225] An amino acid sequence is said to be “cross-reactive” for two different antigens
or antigenic determinants (such as serum albumin from two different species of mammal,
such as human serum albumin and cync serum albuminy} if it is specific for both these
different antigens or antigenic determinants.

{00226] By binding that is "essentially independent of the pH" is generally meant herein
that the association constant (Ka) of the amino acid sequence with respect to the serum
protein (such as serum albumin) at the pH value(s) that occur in a cell of an animal or
human body (as further described herein) is at least 5%, such as at least 10%, preferably
at least 25%, more preferably at least 50%, even more preferably at least 60%, such as
even more preferably at least 70%, such as at least 80% or at least 90% or more (or even
more than 100%, such as more than 110%, more than 120% or even 130% or more, or
even more than 150%, or even more than 200%) of the association constant (K,) of the
amine acid sequence with respect to the same serum protein at the pH value(s) that occur
outside said cell. Alternatively, by binding that is “essentially independent of the pH is
generally meant herein that the k.x rate (measured by Biacore — see e.g. Experiment 2) of
the amino acid sequence with respect to the serum protein (such as serum albumin) at the
pH value(s) that oceur in a cell of an animal or human body (as e.g. further described
herein, e.g. pH around 5.5, e.g. 5.3 to 5.7) is at least 5%, such as at least 10%, preferably
at least 25%, more preferably at least 50%, even more preferably at least 60%, such as
even mare preferably at least 70%, such as at least 80% or at least 90% or more (or even
more than 100%, such as more than 110%, more thanh 120% or even 130% or more, or
even more than 150%, or even maore than 200%) of the koy rate of the amino acid
sequence with respect to the same serum protein at the pH value(s} that occur outside
said cell, e.g. pH 7.2 to 7.4. By “the pH value(s) that occur in a cell of an animal or human
body" is meant the pH value(s) that may occur inside a cell, and in particular inside a cell
that is involved in the recycling of the serum protein. In particular, by “the pH value(s) that
occur in a cell of an animal or human body” is meant the pH value(s) that may occur inside
a (sub)celiular compartment or vesicle that is involved in recycling of the serum protein
(e.g. as a result of pinocytosis, endocytosis, transcytosis, exocytosis and phagocytosis or a
similar mechanism of uptake or internalization into said cell}, such as an endosome,
lysosome or pinosome.

[00227]  As further described herein, the total number of amino acid residues in a NB
construct can be in the region of 110-120, is preferably 112-115, and is most preferably
113. it should however be noted that parts, fragments, analogs or derivatives {as further
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described herein) of a NB construct are not particularly limited as to their length and/or
size, as long as such paris, fragments, analogs or derivatives meet the further
requirements ocutlined herein, and are optionally suitable for the purposes herein.

[00228] As mentioned herein “preferred” {or “more preferred”, “even more preferred”,
etc.) apply to specific NB compounds or variants thereof, or their uses, for a variety of
embodiments described herein, or for particular embodiments if so described,

[00229] The amine acid residues of a NB construct are numbered according to the
general numbering for Vy; domains as given by Kabat et al. “Sequence of proteins of
immunological interest’, US Public Health Services, NIH Bethesda, MD, Publication No.
91, as applied to V domains from Camelids in the article of Riechmann and
Muyldermans, J. Immunol. Methods 2000 Jun 23; 240 (1-2): 185-195 (see, e.qg., Figure 2
of this publication). Accordingly, in general a FR1 of a NB construct comprises the amino
acid residues at positions 1-30, a CDR1 of a NB construct comprises the amino acid
residues at positions 31-35, a FR2 of a NB construct comprises the amino acids at
positions 36-49, a CDR2 of a NB construct comprises the amino acid residues at positions
50-65, a FR3 of a NB construct comprises the amino acid residues at positions 66-94, a
CDR3 of a NB construct comprises the amino acid residues at positions 95-102, and a
FR4 of a NB construct comprises the amino acid residues at positions 103-113. However,
it is well known in the art for Vy, domains and for Vi domains that the total number of
amino acid residues in each of the CDR's may vary and therefore may not correspond to
the total number of amino acid residues indicated by the Kabat numbering. By way of
example, for an inventive NB construct described herein, the amino acid residues and their
position in the NB construct for their particular FR1, CDR1, FR2, CDRZ, FR3, CDR3 and
FR4 are as provided in Table 4 herein. Other methods such as Kabat and Chothia may be
used to define alternative versions of the particular CDRs, and crystalographic
determination of contact points and interaction sites may further inform one skilled in the
art as to the extent of each particular CDR and/or FR region.

[00230] The Figures, Sequence Listing and the Experimental Part/Examples are given
to further illustrate the invention and should not be interpreted or construed as limiting the
scope of the invention and/or of the appended ciaims in any way, except if explicitly
indicated otherwise herein.

[00231] For a general description of heavy chain antibodies and the variable domains
thereof, reference is inter alia made to the art references cited herein.

[00232] Inaccordance with the terminology used in the art, the variable domains
present in naturally occurring heavy chain antibodies will also be referred to as “Vyy
domains’, in order to distinguish them from the heavy chain variable domains that are
present in conventional 4-chain antibodies (which will be referred to herein as “Vy
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domains”) and from the light chain variable domains that are present in conventional 4-
chain antibodies (which will be referred to herein as “V; domains™). In general, Viy
domains have been “designed” by nature to functionally bind to an antigen without the
presence of, and without any interaction with, a light chain variable domain.

[00233] As mentioned in the art references cited above, V,y domains have a number of
unique structural characteristics and functional properties. These make isolated Vyy
domains (as well as inventive compositions based thereon that share these structural
characteristics and functional properties with the naturally occurring Vi domaing) and
proteins containing the same highly advantageous for use as functional antigen-binding
domains or proteins. [n particular, and without being limited thereto, Vuy domains and
inventive compositions can function as a single, relatively small, functional antigen-binding
structural unit, domain or protein. This distinguishes the Vi domains from the V,; and
domains of conventional 4-chain antibodies, which by themselves are generally not suited
for practical application as single antigen-binding proteins or domains, but need to be
combined in secme form or another to provide a functional antigen-binding unit {as in, e.g.,
conventional antibody fragments such as Fab fragments; in ScFv's fragments, which
consist of a V, domain covalently linked to a V, domain).

{00234] Because of these unique properties, the use of Vi domains, and of inventive
NB agents and compositions based thereon, as single antigen-binding proteins or as
antigen-binding domains (i.e., as part of a larger protein or polypeptide) offers a number of
significant advantages over the use of conventional \, and V_ demains, ScFv's or
conventional antibody fragments (such as Fab- or F(ab’)-fragments). Advantages of a
camelid Vyy variant of a NB construct are e.g., only a single domain is required to bind an
antigen with high affinity and with high selectivity, so there is no need to manufacture or
combine multiple separate domains nor is there a need to assure that these two domains
are present in the right spacial conformation and configuration; Vyy domains can be
expressed from a single transcript and require no post- franslational folding or
modifications, Vyy domains can easily be engineered into multivalent and multispecific
formats (as further discussed herein); Vyy domains are highly soluble and do not have a
tendency te aggregate; Vi domains are highly stable to heat, pH, proteases and other
denaturing agents or conditions; V,;; domains are easy and relatively cheap to prepare
and to scale up for production; Vy domains are relatively small (monomers are
approximately 15 kDa, or 10 times smaller than a conventional 1IgG) compared to
conventional 4-chain antibodies and antigen-binding fragments thereof, and therefore
show high(er) penetration into-tissues (including but not limited to solid tumors and other
dense tissues) than such conventional 4-chain antibodies and antigen-binding fragments
thereof; Vi, domains can show so-cailed cavity-binding properties {inter alia due to their
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extended CDR3 loop, compared to conventional Vy, domains) and can therefore also
access targets and epitopes not accessible to conventional 4-chain antibodies and
antigen-binding fragments thereof.

NB constructs against DR5

[00235] In aspecific and preferred aspect, the invention provides NB agents against
DR5, and in particular NB agents against DR5 from a warm-blooded animal, and more in
particular NB agents against DR5 from a mammal, and especially NB agents against
human DRS5, such as provided in public databases, e.g. in NCBI Protein database
accession number BAA33723 (SEQ ID NO: 89); as well as proteins and/or polypeptides
comprising at least one such NB agent.

[00236] In particular, the invention provides NB agents against DR5, and proteins
and/or polypeptides comprising the same, that have improved therapeutic and/or
pharmacological properties and/or other advantageous properties (such as, e.g., improved
ease of preparation andfor reduced costs of goods), compared to conventional antibodies
against DR5, or fragments thereof, compared to constructs that could be based on such
conventional antibodies or antibody fragments (such as F,,' fragments, Fyy2 fragments,
ScFv constructs, “diabodies” and other multispecific constructs (see, e.g., the review by
Holliger and Hudson, Nat Biotechnol. 2005 Sep; 23(8): 1126-36)), and alsc compared to
the so-called “dAb’s” or similar (single) domain antibodies that may be derived from
variable domains of conventional antibodies.

[00237] In one embodiment and as generally described herein for the therapeutically
useful amino acid sequences of the invention, the NB agents and variants thereof of the
invention are in essentially isolated form, or form part of a protein or polypeptide of the
invention that may comprise or essentiaily consist of one or more NB agents of the
invention. in one embodiment, the NB agent variant may further comprise one or more
additional amino acid sequences. In one embodiment, the one or more additional amino
acid sequences are linked via one or more suitable linkers. In one embodiment, and
without limitation, the one or more amino acid sequences of the invention may be used as
a binding unit in such a protein or polypeptide, which may optionally contain one or more
further amino acid sequences that can serve as a binding unit (i.e., against one or more
other targets than DR5), so as to provide a monovalent, multivalent or multispecific
polypeptide of the invention, respectively. In one embodiment, such a protein or
polypeptide may comprise or essentially consist of one or more NB agents of the invention
and optionally one or more (other} polypeptide domains or epitope binding compositions
{i.e., directed against other targets than DR5), all optionally linked via one or more suitable
linkers, so as to provide a monovalent, multivalent or muitispecific NB agent, respectively.
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[00238]  In one embodiment, the binding site for binding against DR5 is formed by the
CDR sequences. In one embodiment, an inventive composition may, in addition to the at
least one binding site for binding against DRS5, contain one or more further binding sites for
binding against other antigens, proteins or targets. For methods and positions for
introducing such second binding sites, reference is, e.g., made to Keck and Huston,
Biophysical Journal, 71, Cctober 1996, 2002-2011; EP 0 640 130, WO 06/07260 and the
US provisional application by Ablynx N.V. entitled “immunoglobulin domains with multiple
binding sites” filed on November 27, 20086.

[00239] In one embodiment when the inventive amino acid sequences (or a
polypeptide of the invention comprising the same} is intended for administration to a
subject (for example for therapeutic and/or diagnostic purposes as described herein), it is
directed against human BR5. In one embodiment for veterinary purposes, the inventive
composition is directed against DR5 from the species to be treated. The inventive
compositions herein may or may not be cross-reactive {i.e., active against DRS from two or
more species of mammal, such as against human DRS5 and DR5 from at least one of the
species of mammal mentiocned herein}. In one embodiment, a NB construct of the
invention can specifically bind to DR5 but does not bind to DR-4, TRAIL-R3 or TRAIL-R4.
[00240] In one embodiment, the compositions of the invention is generally directed
against any antigenic determinant, epitope, part, domain, subunit or confirmation {(where
applicable) of DRS. in ohe embodiment, the inventive NB agents are directed against the
extracellular domain portion of DRS.

[00241] In one specific embodiment, inventive compositions herein compete with the
natural ligand of DR5 in a competitive binding assay. In one embodiment, an inventive N8
agent competes with TRAIL for binding to DR5. In ohe embodiment, an inventive
composition of the invention does not compete with TRAIL- for binding to DR5. In one
embodiment, an inventive NB agent synergizes with TRAIL for binding to DRS.

[00242] In one non-limiting embodiment, the amino acid sequence and structure of an
inventive composition are comprised of four frarnework regions or “FR’s” (or sometimes
also referred to as “FW's”), which are referred to in the art and herein as “Framework
region 17 or “FR1"; as "Framework region 2" or “FR2"; as “Framework region 3" or “FR3";
and as "Framework region 4" or “FR4", respectively; which framework regions are
interrupted by three complementary determining regions or “CDRs", which are referred to
in the art as "Complementarity Determining Region 17or “CDR1"; as "Complementarity
Determining Region 2" or "CDR2"; and as "Complementarity Determining Region 3" or
*CDR3", respectively. In one embodiment, the framework sequences and CDR’s {and
combinations thereof) are those present in the NB constructs of the invention as described
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herein and especizally in Table 4. Other suitable CDR sequences can be obtained by the
methods described herein.
[002431 In one non-limiting embodiment, the CDR sequences of the invention are such
that:
a) the NB constructs can bind to DRS with a dissociation constant (Kp) of 10° to
102 molestliter or less, and preferably 107 to 1072 molesfiiter or less and more preferably
10°® to 10" molesfliter (j.e., with an association constant (Ka) of 10° to 10" liter/ moles or
more, and preferably 107 to 10" liter/moles or more and more preferably 10°to 10"
liter/moles); and/or such that V
b} the NB constructs can bind to DR5 with a k,-rate of between 10% M's™ to about
10" M's™, preferably between 10° M's™ and 107 M"'s™, more preferably between 10*
M s and 107 M's”, such as between 10° M's™ and 107 M's™; and/or such that
c) the NB constructs can bind to DR5 with a ky rate between 1 s-! {t:,=0.69 s} and
10% s (providing a near irreversible complex with a ty, of multiple days), preferably
between 10%s-! and 10 s-', more preferably between 10° s-' and 10°® s-', such as
between 10 s-' and 10° ™.
[00244] In one embodiment, the CDR sequences herein are such that: 2 monovalent
composition of the invention (or a polypeptide that contains only one NB construct of the
invention) will bind {o DR5 with an affinity less than 100 nM, preferably less than 10 nM,
more preferably less than 1 nM, such as less than 500 pM.
[00245] The affinity of the NB agents of the invention against DR5 can be determined
in & manner known per se, e.g., using the general techniques for measuring Kp. Ka, Koy Or
kon mentioned herein, as well as some of the specific assays described herein.
[00246] In one non-limiting aspect, the invention relates to a NB agent against DRS5,
which consists of four framework regions (FR1 to FR4 respectively) and three
complementarity determining regions (CDR1 to CDR3 respectively). Inh one embodiment,
the NB agent is a NB construct in which:
CDR1 is chosen from the group consisting of:
a) the amino acid sequences of SEQ [D NO’s; 41 fo 44;
b) amino acid sequences that have at least 90% amino acid identity with at
least one of the amino acid sequences of SEQ ID NO's: 41 to 44;
c) amino acid sequences that have 3, 2, or 1 amino acid difference with at
least one of the amino acid sequences of SEQ ID NO's: 41 to 44;
andfor
CDR2 is chosen from the group consisting of:
a) the amino acid sequences of SEQ ID NO’s: 51 to 55;
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b) amino acid sequences that have at least 90% amino acid identity with at
least one of the amino acid sequences of SEQ ID NQO's: 51 to 55;
¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at
least one of the amino acid sequences of SEQ ID NO’s: 51 ta 55;
and/or
CDR3 is chosen from the group consisting of:
a) the amino acid sequences of SEQ ID NO's: 63 to 68;
b) amino acid sequences that have at least 90% amino acid identity with at
least one of the amino acid sequences of SEQ 1D NO’s; 63 to 68
¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at
least one of the amino acid sequences of SEQ (D NO's: 63 to 68;
or any suitable fragment of such an amino acid sequence.
[00247] Of the NB agents of the invention, NB construct comprising one or more of the
CDR’s explicitly listed above are particularly preferred; NB construct comprising two or
more of the CDR’s explicitly listed above are more particularly preferred; and NB construct
comprising three of the CDR’s explicitly listed above are most particularly preferred.
[00248] Some particularly preferred, but non-limiting combinations of CDR sequences,
as well as preferred combinations of CDR sequences and framework sequences, are
mentioned in Table 4 below, which lists the CDR sequences and framework sequences
that are present in a number of preferred (but non-limiting) NB construct of the invention,
As will be clear to the skilled person, a combination of CDR1, CDR2 and CDR3 sequences
that oceur in the same clene (i.e., CDR1, CDR2 and CDR3 sequences that are mentioned
on the same fine in Table 4, and especially as provided in SEQ 1D NOS: 1-22, 26-40, 87-
88, and 103-104) will usually be preferred (although the invention in its broadest sense is
not limited thereto, and also comprises other suitable combinations of the CDR sequences
menticned in Table 4). Also, a combination of CDR sequences and framework sequences
that occur in the same clone (i.e., COR sequences and framework sequences that are
mentioned on the same line in Table 4, and especially as provided in context within SEQ
ID NOS: 122, 26 — 40, 87-88, and 103-104 )) will usually be preferred (although the
invention in its broadest sense is not limited thereto, and alse comprises cther suitable
combinations of the CDR sequences and framework sequences mentioned in Table 4, as
well as combinations of such CDR sequences and other suitable framework sequences.
[00249] In one embodiment, in the NB constructs that comprise the combinations of
CDR's mentioned in Table 4, each CDR can be replaced by a CDR chesen from the group
consisting of amino acid sequences that have at least 80%, preferably at least 80%, more
preferably at least 85%, even more preferably at least 89% sequence identity with the
mentioned CDR’s.
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[00250] Thus, in the NB constructs of the invention, at least one of the CDR1, CDR2
and CDR3 sequences present is suitably chosen from the group consisting of the CDR1,
CDR2 and CDR3 sequences, respectively, listed in Table 4; or from the group of CDR1,
CDR2 and CDR3 sequences, respectively, that have at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99% “sequence identity’ with
at least one of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table 4;
and/or from the group consisting of the CDR1, CDR2 and CDR3 sequences, respectively,
that have 3, 2 or only 1 “amino acid difference(s)” with at least one of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table 4.

[00251] In this context, by “suitably chosen” is meant that, as applicable, a CDR1
sequence is chosen from suitable CDR1 sequences (i.e., as defined herein), 2 CDR2
sequence is chosen from suitable CDR2 sequences (i.e., as defined herein), and a CDR3
seguence is chosen from suitable CDR3 sequence (l.e., as defined herein), respectively. In
one embodiment, the CDR sequences are chosen such that the NB constructs of the
invention bind to DR5 with an affinity (suitably measured andfor expressed as a Kp-value
{actual or apparent), a K,-value {actual or apparent), a k,,-rate andfor a krrate, or
altematively as an ICs, value that is as provided herein,

[00252] In one embodiment of the NB constructs of the invention, at ieast the CDR3
sequence present is suitably chosen from the group consisting of the CDR3 sequences
listed in Table 4 or from the group of CDR3 sequences that have at least 80%, preferably
at least 90%, more preferably at least 95%, even more preferably at least $9% sequence
identity with at least one of the CDR3 sequences listed in Table 4; and/or from the group
consisting of the CDR3 sequences that have 3, or have 2 or have only 1 amino acid
difference(s) with at least one of the CDR3 sequences listed in Table 4.

[00253] In one embodiment of the NB constructs of the invention, at least two of the
CDR1, CDR2 and CDR3 sequences present are suitably chosen from the group consisting
of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table 4 or from the group
consisting of CDR1, CDR2 and CDR3 sequences, respectively, that have at least 80%,
and/or at least 90%, andfor at least 95%, and/for at least 99% sequence identity with at
least one of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table 4; and/or
from the group consisting of the CDR1, CDR2 and CDR3 sequences, respectively, that
tave 3, 2 or only 1 “amino acid difference(s)” with at least one of the CDR1, CDR2 and
CDR3 sequences, respectively, listed in Table 4.

[00254] In one embodiment of the NB constructs of the invention, at least the CDR3
sequence present is suitably chosen from the group consisting of the CDR3 sequences
listed in Table 4 or from the group of CDR3 sequences that have at least 80%, and/or at
least 90%, and/or at least 95%, and/or at least 99% sequence identity with at least one of
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the CDR3 sequences listed in Table 4, respectively; and at least one of the CDR1 and
CDRR2 sequences present is suitably chosen from the group consisting of the CDR1 and
CDR2 sequences, respectively, listed in Table 4 or from the group of CDR1 and CDR2
sequences, respectively, that have at least 80%, and/or at least 90%, and/or at least 95%,
and/or at least 99% sequence identity with at least one of the CDR1 and CDR2
sequences, respectively, listed in Table 4; and/or from the group consisting of the CDR1
and CDR2 sequences, respectively, that have 3, 2 oronly 1 aminc acid difference(s} with
at ieast one of the CDR1 and CDR2 sequences, respectively, listed in Table 4.

[00255] In one embodiment of the NB constructs of the invention, all three CDRA1,
CDR2 and CDR3 sequences present are suitably chosen from the group censisting of the
CDR1, CDRZ2 and CDR3 sequences, respectively, listed in Tabie 4.

[00256] in one embodiment, the combinations of CDR’s listed in Table 4 (i.e., those
mentioned for the same construct in Table 4) are preferred. Thus, in one aspect, when a
CDR in a NB construct of the invention is a CDR sequence mentioned in Table 4 or is
suitably chosen from the group of CDR sequences that have at least 80%, preferably at
least 80%, more preferably at least 35%, even more preferably at least 99% sequence
identity with a CDR sequence listed in Table 4; and/or from the group consisting of CDR
sequences that have 3, 2 or only 1 amino acid difference(s) with a CDR sequence listed in
Table 4, that at least one and preferably both of the other CDR’s are suitably chosen from
the CDR sequences that belong to the same combination in Table 4 (i.e., mentioned on
the same line in Table 4) or are suitably chosen from the group of CDR sequences that
have at least B0%, preferably at ieast 30%, more preferably at least 95%, even more
preferably at least 88% sequence identity with the CDR sequence(s) belonging to the
same combination andfor from the group consisting of COR sequences that have 3, 2 or
only 1 amino acid difference(s) with the CDR sequence(s) belonging to the same
combination. The other preferences indicated in the above paragraphs also apply to the
combinations of CDR's mentioned in Table 4.

[00257] In one emboadiment of a NB construct of the invention, the CDR1, CDR2 and
CDR3 sequences present are suitably chosen from one of the combinations of CDR1,
CDR2 and CDR3 sequences, respectively, listed in Table 4.

[00258] According to one non-limiting aspect of a NB construct of the invention (a)
CDR1 has a length of between 1 and 12 amin¢ acid residues, and usually between 2 and
9 amine acid residues, such as 5, 6 or 7 amine acid residues; andfor (b) CDR2 has a
length of between 13 and 24 amino acid residues, and usually between 15 and 21 amino
acid residues, such as 16 and 17 amino acid residues; andfor {c) CDR3 has a length of
between 2 and 35 amino acid residues, and usually between 3 and 30 amino acid
residues, such as between 6 and 23 amine acid residues.
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[00258] In one non-limiting aspect, the invention relates to a NB construct in which the
CDR sequences have more than 80%, preferably more than 80%, more preferably more
than 95%, such as at least 99% or more sequence identity with the CDR segquences of at
least one of the amino acid sequences of SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104.
[00260] Generally, NB agents with the above CDR sequences may be as further
described herein. In one embodiment the NB agents have framework sequences that are
also as further described herein. Thus, e.q., and as mentioned herein, such NB agents
may be naturally occurring single domain antibodies (from any suitable species), naturally
occurring Vyy sequences (i.e., from a suitable species of Camelid} or synthetic or semi-
synthetic amino acid sequences or NB agents, including but not limited to partially
humanized NB constructs or Vyy sequences, fully humanized NB construcis or Vyy
sequences, camelized heavy chain variable domain sequences, as well as NB agents that
have been obtained by the techniques mentioned herein.

[00261] Thus, in one non-limiting aspect, the invention relates to a humanized NB
agent, which consists of four framework regions (FR1 to FR4 respectively) and three
complementarity determining regions (CDR1 to CDR3 respectively), in which CDR1 to
CDR3 are as defined herein and in which said humanized NB agent comprises at least
one humanizing substitution, and in particular at least one humanizing substitution in at
least one of its framework seguences.

[00262]  In another preferred, but non-limiting aspect, the invention refates to aNB
agent in which the CDR seguences have at least 70% amino acid identity, preferably at
least 80% amino acid identity, more preferably at least 80% amino acid identity, such as
95% amino acid identity or more or even essentially 100% amino acid identity with the
CDR sequences of at least one of the amino acid sequences of SEQ ID NO's: 1-22, 25-40,
87-88, and 103-104. This degree of amino acid identity can, e.g., be determined by
determining the degree of amino acid identity (in a manner described herein) between said
NB agent and one or more of the seguences of SEQ ID NO's: 1-22, 26-40, 87-88, and
103-104, in which the aminc acid residues that form the framework regions are
disregarded. Such NB agents can be as further described herein.

[00283] In one non-limiting aspect, the invention relates to an NB agent, including but
not limited fo a NB construct, with an amino acid sequence that is chosen from the group
consisting of SEQ 1D NO's: 1-22, 26-40, 87-88, and 103-104 or from the group consisting
of from amino acid sequences that have more than 80%, preferably more than 80%, more
preferably more than 95%, such as at least 99% or more sequence identity with at least
one of the amino acid sequences of SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104.
[00264] Another non-limiting aspect of the invention relates to humanized or further
humanized variants of the NB constructs of SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104
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that comprise, compared to the corresponding native sequence, at least one humanizing
substitution, and in particular at least one humanizing substitution in at least one of its
framework sequences.

Monovalent and Multivalent binding polypeptides

[00265] The invention further relates to a compound that comprises or essentially
consists of one or more polypeptides of the invention against DRS, and more specifically
against human DRS, and optionally comprises one or more other groups, residues,
moieties or binding units, wherein said compound is capable of enhancing apoptosis. In
one embodiment, some NB agents of the invention are proteins that comprise at least
three, four, five or more moenovalent binding polypeptides against the DR5 receptor, such
as NB agents of the invention directed against the DR5. As mentioned herein, in such
multivalent polypeptides of the invention, each monovalent binding polypeptide, such as a
NB construct, may be directed against the same epitope on the DRS, or against different
epitopes on the DR5. Some non-limiting examples of such NB polypeptides of the
invention are given in SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104.

[00266] Generally, proteins or polypeptides that comprise or essentially consist of a
single binding polypeptide {such as a single DRS binding subunit of a NB agent of the
mvention) will be referred to herein as "monovalent” proteins or polypeptides or as
“monovalent constructs”. Proteins and polypeptides that comprise or essentially consist of
two or more binding polypeptides (such as at least two joined NB agents of the invention or
at least one NB agent of the invention and at least one other NB agent or polypeptide
construct) will be referred to herein as “multivalent” proteins or polypeptides or as
*multivaient constructs®, and these may provide certain advantages compared to the
corresponding monovalent binding polypeptides of the invention. Particular non-limiting
examples of such multivalent constructs are as provided herein.

[00267] Specific examples of multivalent NB agent include a dimer or divalent construct
comprising two polypeptide subunits, a trimer or trivalent NB agent comprising three
polypeptide subunits, a tetramer or tetravalent NB agent comprising four polypeptide
subunits, a pentamer or pentavalent NB agent comprising five polypeptide subunits, a
hexamer or hexavalent NB agent comprising six polypeptide subunits, or additional
multimeric variants thereof.

[00268] In one non-limiting aspect, a trimeric NB agent of the invention comprises or
essentially consists of three monovalent polypeptide subunits of the invention. In one
embodiment, the trimeric NB agent comprises three identical DR5 binding monovalent
polypeptide subunits of the invention, in which case the NB agent is a trimer that is
multivalent but monospecific. In one embodiment a trimeric NB agent comprises or
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essentially consists of a first and/or second DRS5 binding subunit and a second or third
subunit, respectively, that is optionally a subunit that binds specifically to a different
epitope {either on DRS or on another target}, e.g., in which case the NB agent is a trimer
that is muitivalent and multispecific.

[00269] In one non-limiting embodiment, a NB agent comprises or essentially consists
of at least four monovalent DRS binding polypeptide subunits of the invention. Such a
tetrameric NB agent of the invention may be monospecific or may be converted to a
multispecific construct by optionally joining additional subunits that bind specifically to the
same or a different DR5 epitope from the first and/or to a target other than DRS.

[00270] In one non-limiting embodiment, a NB agent comprises or essentially consists
of at least five monovalent DR5 binding polypeptide subunits of the invention. Such a
pentameric NB agent of the invention may be monospecific or may be converted to a
multispecific construct by optionally joining additional subunits that bind specifically to a
different DR5 epitope from the first and/or to a target other than DRA.

[00271] In one non-limiting embodiment, a NB agent comprises or essentially consists
of six, eight or ten monovalent DR5 binding polypeptide subunits of the invention. Such a
multimeric NB agent of the invention may be monospecific or may be converied to a
multispecific construct by optionally joining additional subunits that bind specifically to a
different DR5 epitope from the first and/or to a target other than DRS.

[00272] In one embodiment, such multimeric NB agents, whether monospecific or
multispecific, provide certain advantages compared to a protein or polypeptide comprising
or essentially consisting of a monomeric NB agent of the invention, In one embodiment,
advantages include, but are not limited to, a much improved avidity for DR5, e.g., for
human DRS. Some specific, but non-limiting examples of multimeric NB agents are the NB
constructs of SEQ 1D NO's: 6 to 22, 27-29, 31-33 and 88.

[00273] In one non-limiting aspect, a polypeptide of the invention comprises or
essentially consists of at least one NB agent of the invention, optionally one or more
further NB agents, and at least one other amino acid sequence (such as a protein or
polypeptide) that confers at least one desired property to the NB agent of the invention
and/or to the resulting fusion protein. Again, such fusion proteins may provide certain
advantages compared to the corresponding monovalent NB agent of the invention. Some
non-limiting examples of such amino acid sequences and of such fusion constructs will
become clear from the further description herein.

[00274] In one embodiment, it is possible to combine two or more of the above
aspects, e.g., to provide a trivalent bispecific construct comprising two NB agents of the
invention and one other NB agent, and optionally one or more other amino acid
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sequences. Further nen-limiting examples of such constructs, as well as some constructs
that are particularly preferred within the context of the present invention, will become clear
from the further description herein.

[60275] in the above constructs, the one or more binding polypeptides against DR5
and/or other amino acid sequences may be operably linked to each other and/or suitably
linked to each other via one or more linker sequences. Some suitable but non-limiting
examples of such linkers will become clear from the further description herein.

[00276] In one specific aspect, the multivalent compound of the invention comprises at
least three, four, five or more monovaient binding polypeptides (i.e., subunits) and has an
{Csp less than 100 nM, preferably less than 10 nM, more preferably less than 1nM, even
more preferably less than 100 pM, e.g., below 10 pM as measured, e.g., in Colo205 or
Jurkat cell survival assay. Other cancer cell lines can be used for determining 1Cs, ©.9.,
such as mentioned in the Examples. Furthermore, possible cancer cell lines that may be
used in cell survival assays include, but are not limited to, e.g., Jurkat, Molt4, Colo205,
BxPC3, T24, Panc-1, M30, H226, H2122, H2052, and MiaPaCa-2.

[00277] In one embodiment, the multivalent compound of the invention are at least 10
fold, preferably at least 100 fold more potent in a tumor cell line than in a non-tumor cell
fine and measured in a cell survival assay such as Colo205 or Jurkat cell survival assay.
[00278] In one specific aspect of the invention, a NB agent of the invention or a
compound, construct or polypeptide of the invention comprising at least one NB agent of
the invention may have an increased half-life, compared to the corresponding amino acid
sequence of the invention. Some non-limiting examples of such NB agents, compounds
and polypeptides will become clear to the skilled person based on the further disclosure
herein, and, e.g., comprise NB agent sequences or polypeptides of the invention that have
been chemically modified fo increase the half-life thereof {for example, by means of
pegylation); amino acid seguences of the invention that comprise at least one additional
binding site for binding to a serum protein {such as serum albumin. or polypeptides of the
invention that comprise at least one NB agent of the invention that is linked to at least one
moiety (and in particular at least one amino acid sequence) that increases the half-life of
the NB agent of the invention. Examples of polypeptides of the invention that comprise
such half-life extending moieties or amineo acid sequences will become clear to the skilled
person based on the further disclosure herein; and, e.g., include, without limitation,
polypeptides in which the one or more NB agents of the invention are suitable linked to
one or more sertm proteins or fragments thereof (such as serum albumin or suitable
fragments thereof) or to cne or more binding units that can bind to serum proteins (such
as, e.g., NB agents, camelid Vi constructs or (single) domain antibodies that can bind to
serum proteins such as serum albumin, serum immunoglobulins such as IgG, or



10

15

20

25

30

35

WO 2011/098520 PCT/EP2011/051958
73

transferrineg); polypeptides in which a NB agent of the invention is linked to an Fc portion
{such as a human Fc) or a suitable part or fragment thereof; or polypeptides in which the
one or mare NB agents of the invention are suitable linked to one or more small proteins or
peptides that can bind to serum proteins (such as, without limitation, the proteins and
peptides described in WO 91/01743, WO 01/45746, WO 02/076489 and to WO
2006/122787, WO 2008/028977, WO 2008/043821, WO 2008/068280 and WO
2009/127691 filed by Ablynx N.V.

[00279] Again, as will be clear to the skilied person, such NB agents may contain one
or more additional groups, residues, moieties or binding units, such as one or more further
amino acid sequences and in particuiar one or more additional NB agents (j.e., not
directed against DR5), so as to provide a di-, tri- or higher multispecific NB agent
construct.

[00280] Generally, the NB agents of the invention (or compounds, constructs or
polypeptides comprising the same) with increased half-life preferably have a haif-life that is
at least 1.5 times, preferably at ieast 2 times, such as at least 5 times, e.q., at least 10
times or more than 20 times, greater than the haif-life of the corresponding amino acid
sequence of the invention per se. For example, the NB agents, compounds, constructs or
polypeptides of the invention with increased half-life may have a half-life that is increased
with more than 1 hours, preferably more than 2 hours, more preferably more than 6 hours,
such as more than 12 hours, or even more than 24, 48 or 72 hours, compared to the
corresponding amino acid sequence of the invention per se.

[00281] [n a preferred, but non-limiting aspect of the invention, such NB agents,
compound, constructs or polypeptides of the invention exhibit a2 serum half-life in human of
at least about 12 hours, preferably at least 24 hours, more preferably at least 48 hours,
even more preferably at least 72 hours or more. For example, compounds or polypeptides
of the invention may have a half-life of at least 5 days (such as about 5 to 10 days),
preferably at least 9 days (such as about 9 to 14 days), more preferably at least about 10
days (such as about 10 to 15 days), or at least about 11 days (such as about 11 to 16
days), more preferably af least about 12 days (such as about 12 to 18 days or more), or
more than 14 days (such as about 14 to 19 days).

[00282] In another one aspect of the invention, a polypeptide of the invention
comprises one or more (such as two or preferably one) NB agents of the invention linked
{(optionally via one or more suitable linker sequences) to one or more (such as two and
preferably one} amino acid sequences that allow the resulting polypeptide of the invention
to cross the biood brain barrier. In particular, said one or more aming acid sequences that
allow the resulting polypeptides of the invention to cross the blood brain barrier may be
one or more (such as two and preferably one) NANOBODIES™, such as the
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NANOBODIES™ described in WO 02/057445, of which FC44 (SEQ ID NO: 189 of WO
06/040153) and FC5 (SEQ ID NO: 190 of WO 06/040154) are particular examples.
[00283] In one embodiment, polypeptides comprising one or more NB agents of the
invention are such that they:

a) bind to DR5 with a dissociation constant (Kp) of 10° to 102 molesfiiter or less, and
preferably 107 to 102 moles/liter or less and more preferably 10® to 102
moles/liter (i.e., with an association constant (Ka) of 10° to 10" liter/ moles or more,
and preferably 107 to 10" liter/moles or more and more preferably 10° to 10
liter/moles);

andfor such that they:

b) bind to DR5 with a ky-rate of between 102 M's™ to about 107 M's™, preferably
between 10° M's™ and 10" M's™, more preferably between 10° M''s™! and 107
M's™ such as between 10° M's™" and 10" M's™:

and/or such that they:

¢) bind to DR5 with a ke rate between 1s™ (t,,=0.69 s) and 10¢ s (providing a near
irreversible complex with a t,,; of multiple days), preferably between 107 s and
10 s, more preferably between 10° s™ and 10° 5™, such as between 10? s and
10° s,

[00284] In one embodiment, a polypeptide that contains only one amino acid sequence
of the invention is such that it will bind to DR5 with an affinity less than 500 nM, preferably
less than 200 nM, more preferably less than 10 nM, such as less than 500 pM. In this
respect, it will be clear to the skilled person that a polypeptide that contains two or more
NB agents of the invention may bind to DR5 with an increased avidity, compared to a
polypeptide that contains only one amino acid sequence of the invention.

[00285] Other polypeptides according to this preferred aspect of the invention may,
e.g., be chosen from the group consisting of amino acid sequences that have more than
80%, preferably more than 90%, more preferably more than 95%, such as at least 99% or
more “sequence identity” with one or more of the amino acid sequences of SEQ ID NO's:
1-22, 26-40 and 87-88, in which the NB agents comprised within said amino acid
sequences are preferably as further defined herein.

Nucleic acids, host cells and method for generating NB constructs of the invention
[00286] Another aspect of this invention relates to a nucleic acid that encodes a NB
agent of the invention or a polypeptide of the invention comprising the same. Again, as
generally described herein for the nucleic acids of the invention, such a nucleic acid may
be in the form of a genetic construct, as provided herein.
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{00287] In another aspect, the invention relates to host or host cell that expresses or
that is capable of expressing a NB agent of the invention and/for a polypeptide of the
invention comprising the same; and/or that contains a nucleic acid of the invention. Some
preferred but non-limiting examples of such hosts or host cells will become clear from the
further description herein. _

[00288] Another aspect of the invention relates to a product or composition containing
or comprising at least one NB agent of the invention, at least one polypeptide of the
invention and/or at least one nucleic acid of the invention, and optionally one or more
further components of such compositions known per se, i.e., depending on the infended
use of the composition. Such a product or composition may, e.g., be a pharmaceutical
composition (as described herein), a veterinary composition or a product or composition
for diagnostic use (as also described herein). Some preferred but non-limiting examples of
such products or compositions will become clear from the further description herein.
{00288] The invention further relates to methods for preparing or generating the NB
agents, polypeptides, nucleic acids, host cells, products and compositions described
herein. Some preferred but non-limiting examples of such methods will become clear from
the further description hereiri.

[00290] The invention further relates to applications and uses of the NB agents,
polypeptides, nucleic acids, host cells, products and compositions described herein, as
well as to methods for the prevention and/or treatment for diseases and disorders
associated with DR5. Particular non-limiting applications and uses will become clear from
the further description herein.

[00291] Other aspects, embodiments, advantages and applications of the invention will
also become clear from the further description hereinbelow.

[00292] Generally, it should be noted that the term “NB agent” as used herein in its
broadest sense is not limited to a specific biological source or to a specific method of
preparation. For example, as will be discussed in more detail below, the NB agents of the
invention can generally be obtained by any of the technigues (1) to (8) mentioned on
pages 61 and 62 of WO 08020079, or any other suitable technique known per se. One
prefeired class of NB agents corresponds to the Vyy or Vi domains of naturally eccurring
heavy chain antibodies directed against DR5. As further described herein, Vuy sequences
can generally be generated or obtained by suitably immunizing a species of Camelid with
DRS5 (i.e., so as to raise an immune response and/or heavy chain antibodies directed
against DR5), by obtaining a suitable biological sample from said Camelid (such as a
blood sample, serum sample or sample of B-cells), and by generating Vi sequences
directed against DR5, starting from said sample, using any suitable technique known per
se. Such techniques will be clear to the skilled person and/for are further described herein.
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[00283] Alternatively, such naturally occurring Vyy domains against DR5, can be
obtained from naive libraries of Camelid V4 sequences, e.g., by screening such a library
using DRS, or at least one part, fragment, antigenic determinant or epitope thereof using
one orF more screening technigues known per se. Such libraries and technigues are, e.g.,
described in WO 99/37681, WO 01/90190, WO 03/025020 and WO 03/035694.
Altematively, improved synthetic or semi-synthetic fibraries derived from naive Wy libraries
may be used, such as Vyy libraries obtained from naive Vyy libraries by techniques such
as random mutagenesis andfor CDR shuffling, as, e.g., described in WO 00/43507.
[00294] Thus, in another aspect, the invention relates to a method for generating NB
agents that are directed against DR5. In one aspect, said method at least comprises the
steps of.

a) providing a set, collection or library of NB agent sequences;

b) screening said set, collection or library of NB agent seguences for NB agent

sequences that can bind fo and/or have affinity for DR5;
and
c) isolating the amino acid sequence(s) that can bind to and/or have affinity for
DRS. .

[00285] In such a method, the set, collection or library of NB agent sequences may be
a naive set, collection or library of NB agent sequences; a synthetic or semi-synthetic set,
collection or library of NB agent sequences; and/or a set, collection or library of NB agent
sequences that have been subjected to affinity maturation.
[00286] In a particular aspect of this method, the set, collection or library of NB agent
sequences may be an immune set, collection or library of NB agent sequences, and in
particular an immune set, collection or library of Vi, sequences, that have been derived
from a species of Camelid that has been suitably immunized with DR5 or with a suitable
antigenic determinant based thereon or derived therefrom, such as an antigenic part,
fragment, region, domain, loop or other epitope thereof. in one particular aspect, said
antigenic determinant may be an extracellular part, region, domain, loop or other
extracellular epitope(s).
[00297] Inthe above methods, the set, collection or library of V4 sequences may be
displayed on a phage, phagemid, ribosome or suitable micro-organism (such as yeast),
such as to facilitate screening. Suitable methods, techniques and host organisms for
displaying and screening (a set, collection or library of) sequences will be clear to the
person skilled in the art, ¢.g., on the basis of the further disclosure herein. Reference is
also made to WO 03/054016 and fo the review by Hoogenboom in Nature Biotechnology,
23,9, 1105-1116 (2005).
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[00298] In one embodiment, the method for generating Viuy sequences comprises at
least the steps of:

a) providing a collection or sample of cells derived from a species of Camelid that
express immunoglobulin sequences;

b) screening said collection or sample of cells for (1) cells that express an
immunoglobulin sequence that can bind to and/or have affinity for DR5; and (2)
cells that express heavy chain antibodies, in which substeps (1) and (2) can be
performed essentially as a single screening step or in any suitable order as two
separate screening steps, so as to provide at least one cell that expresses a heavy
chain antibody that can bind to and/or has affinity for DR5;

and

c) either {1) isolating from said cell the V. sequence present in said heavy chain
antibody; or (2) isolating from said cell a nucleic acid sequence that encodes the
Vun Sequence present in said heavy chain antibody, followed by expressing said
Vuy domain,

[00299] Inthe method according to this aspect, the collection or sample of cells may,
e.g., be a collection or sample of B-cells. Also, in this method, the sample of cells may be
derived from a Camelid that has been suitably immunized with DR5 or a suitable antigenic
determinant based thereon or derived therefrom, such as an antigenic part, fragment,
region, domain, loop or other epitope thereof. in one particular aspect, said antigenic
determinant may be an extracellular part, region, domain, loop or other extracellular
epitope(s).

[00300] The above method may be performed in any suitable manner, as will be clear
to the skilled person. Reference is, e.9., made to EP 0 542 810, WO 05/19824, WO
041051268 and WO 04/106377. The screening of step b) is preferably performed using a
flow cytometry technique such as FACS. For this, reference is, e.g., made to Lieby et al.,
Blood, Vol. 97, No. 12, 3820. See, e.g., the so-called "Nanoclone™” technique described
in International application WO 06/079372 by Ablynx N.V.

[00301] In another aspect, the method for generating an amino acid sequence directed
against DR5 may comprise at least the steps of:

a) providing a set, collection or library of nucieic acid sequences encoding heavy
chain antibodies or Vyu sequences;

b} screening said set, collection or iibrary of nucleic acid sequences for nucleic acid
sequences that encode a heavy chain antibody or a Vg sequence that can bind to
and/or has affinity for DR5; and
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¢} isolating said nucleic acid sequence, followed by expressing the Vyy, sequence
present in said heavy chain antibody or by expressing said NB construct sequence,
respectively.

[00302] In such a method, the set, collection or library of nucleic acid sequences
encoding heavy chain antibodies or Vi sequences may, e.g., be a set, collection or library
of nucleic acid sequences encoding a naive set, collection or library of heavy chain
antibodies or Vi sequences; a set, collection or library of nucleic acid sequences
encoding a synthetic or semi-synthetic set, coliection or library of Vun sequences; and/or a
set, collection or library of nucleic acid sequences encoding a set, collection or library of
Vun sequences that have been subjected to affinity maturation.
[00303] In one embodiment of this method, the set, collection or library of amino acid
sequences may be an immune set, collection or fibrary of nucleic acid sequences encoding
heavy chain antibodies or Vi, sequences derived from a Camelid that has been suitably
immunized with DR5 or with a suitable antigenic determinant based thereon or derived
therefrom, such as an antigenic part, fragment, region, domain, loop or other epitope
thereof. In one aspect, said antigenic determinant may be an extracellular part, region,
domain, loop or other extraceliular epitope(s).
[C0304] [n the above methods, the set, collection or library of nucleotide sequences
may be displayed on a phage, phagemid, ribosome or suitable micre-organism (such as
yeast), such as to facilitate screening. Suitable methods, techniques and host crganisms
for displaying and screening (a set, collection or library of) nuclectide sequences encoding
amino acid sequences will be clear to the person skilled in the art, e.g., on the basis of the
further disclosure herein. Reference is also made to WO 03/054016 and to Hoogenboom
in Nature Biotechnology, 23, 8, 1105-1116 (2005).
[00305] In one embodiment, the screening step of the methods described herein can
also be performed as a selection step. Accordingly the term “screening” as used in the
present description can comprise selection, screening or any suitable combination of
selection and/or screening techniques. Also, when a set, collection or library of sequences
is used, it may contain any suitable number of sequences, such as 1, 2, 3 or about 5, 10,
50, 100, 500, 1000, 5000, 104, 10°, 10%, 107, 10° or more sequences.
[00306] In one embodiment, one or more or 2l of the sequences in the above sef,
collection or library of amino acid sequences may be obtained or defined by rational, or
semi-empirical approaches such as computer modeling techniques or biostatics or data
mining techniques.
[00307] Furthermore, such a sef, collection or library can comprise one, two or more
sequences that are variants from one ancther {e.g. with designed point mutations or with
randomized positions), compromise multiple sequences derived from a diverse set of
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naturally diversified sequences {e.g. an immune library)), or any other source of diverse
sequences {as described, e.g., in Hoogenboom et al, Nat Biotechnol 23: 1105, 2005 and
Binz et al, Nat Biotechnol 2005, 23: 1247). Such set, collection or library of sequences can
be displayed on the surface of a phage particle, a ribosome, a bacterium, a yeast cell, a
mammalian cell, and linked to the nuclectide sequence encoding the amino acid sequence
within these carriers. This makes such set, collection or library amenable to selection
procedures to isolate the desired amino acid sequences of the invention. More generally,
when a sequence is displayed on a suitable host or host cell, it is also possible {and
customary) to first isolate from said host or host cell a nuclectide sequence that encodes
the desired sequence, and then to obtain the desired sequence by suitably expressing said
nucleotide sequence in a suitable host organism. Again, this can be performed in any
suitable manner known per se, as will be clear to the skilled person.

[00308] Yet another technique for obtaining Vi, sequences, Vy; sequences, or some
other variant of NB agent sequences directed against DR5 involves suitably immunizing a
transgenic mammal that is capable of expressing heavy chain antibodies {i.e., so as to
raise an immune response and/er heavy chain antibodies directed against DR5), obtaining
a suitable biological sample from said transgeriic mammal that contains (nucleic acid
sequences encoding) said sequences {such as a blood sample, serum sample or sample
of B-cells), and then generating NB agent sequences directed against DR5, starting from
said sample, using any suitable technique known per se (such as any of the methods
described herein or a hybridoma technique). For example, for this purpose, the heavy
chain antibody-expressing mice and the further methods and techniques described in WO
02/085945, WO 04/049794 and WO 06/008548 and Janssen'’s et al., Proc. Natl. Acad. Sci.
USA. 2006 Qct 10;103{41). 15130-5 can be used. For example, such heavy chain antibody
expressing mice can express heavy chain antibodies with any suitable {single) variable
domain, such as {single} variable domains from natural sources {e.g. human (single)
variable domains, Camelid (single) variable domains or shark {single) variable domains),
as well as, e.g., synthetic or semi-synthetic (single) variable domains.

[00309] In one embodiment the invention relates to the NB agent sequences that are
obtained by the above methods, or altematively by a method that comprises the one of the
above methods and in addition at least the steps of determining the nucleotide sequence
or amino acid sequence of said NB agent sequence; and of expressing or synthesizing
said NB agent sequence in @ manner known per se, such as by expression in a suitable
host cell or host organism or by chemical synthesis.

[00310] In cne embodiment the invention provides a class of NB agents that comprises
camelid Vy constructs with an amino acid sequence that corresponds to the amino acid

sequence of a naturally occurring llama Vyy domain, but that has been “humanized”, i.e.,
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by replacing one or more amino acid residues in the amino acid sequence of said naturally
occurring Vuy sequence (and in particular in the framework sequences, but also opticnally
in one or more CDR) by one or more of the amino acid residues that occur at the
corresponding position(s) in a Vy domain from a conventional four-chain antibody from a
human being, e.g. as indicated above, and e.g., as further described on, and using the
technigques mentioned on, page 63 of WO 08/020079. In ohe embodiment the invention
provides a class of NB agents that comprises an amino acid sequence that corresponds to
the amino acid sequence of a naturally occurring Vi domain, but that has been
“camelized’, i.e., by replacing one or more amino acid residues in the amino acid
sequence of a naturally oceurring Vy domain from a conventionai four-chain antibody by
one or more of the amino acid residues that occur at the corresponding position(s) in Viyy
domain of a heavy chain antibody, e.g., as further described on, and using the techniques
mentioned on, page 63 of WO 08/020079.

[00311]  Other suitable methods and technigues for cbtaining the NB agents of the
invention (including polypeptides and/or nucleic acids encoding the same), starting from
naturally eccurring Vi sequences or Vyuy sequences, will be clear to the skilled person, and
may, e.g., include the techniques that are mentioned on page 64 of WO 08/020079.
[00312] As mentioned herein, NB agents may in particular be characterized by the
presence of one or more "Hallmark residues” (as described in WO 2008/020079, pages
65-98) in one or more of the framework sequences.

[00313] Inone embodiment NB agents may, e.g., be Vyy sequences or may be
humanized or further humanized NB constructs. When the NB agent sequences are Vi
sequences, they may be suitably humanized. When the NB agents are partially humanized
NB constructs, they may optionally be further suitably humanized. In the above NB agents,
one or more of the further Hallmark residues are preferably as described (for example,
when they are Vi, sequences or partially or fully humanized NB constructs).

[00314] The NB agents herein may, e.g., be Vy sequences or may be humanized or
humaneered. When the above NB agents sequences are Vy, sequences, they may be
suitably humanized, as provided herein. When the NB agents are partially humanized, they
may optionally be further suitably humanized, as described herein. One nonlimiting and
exemplary method of humanization is provided in the examples, but other methods known
in the art may be contemplated.

[00315] In one embodiment of the above NB agents, one or more of the {further)
Hallmark residues are as described herein (for example, when they are camelid Viuy
sequences or partially or fully humanized Vyy, constructs).
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[00316] I[n one non-limiting aspect, the invention relates to a NB agents as described
above, in which the CDR sequences have at [east 70% aminec acid identity, preferably at
least 80% amino acid identity, more preferably at least 90% amine acid identity, such as at
least 95% amino acid identity or more or even essentially 100% amino acid identity with
the CDR sequences of at least one of the amino acid sequences of SEQ ID NO's: 1-22,
26-40, 87-88, and 103-104. This degree of amino acid identity can, e.g., be determined by
determining the degree of amino acid identity {in a manner described herein) between said
NB agents and one or more of the sequences of SEQ ID NO's: 1-22, 26-40, 87-88, and
103-104, in which the aminoc acid residues that form the framework regions are
disregarded. Such NB agents can be modified as further described herein.

[00317] As already mentioned herein, another preferred but non-limifing aspect of the
invention relates to a NB agent with an amino acid sequence that is chosen from the group
consisting of SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104 or from the group consisting
of from amine acid sequences that have more than 80%, preferably more than 90%, mare
preferably more than 85%, such as at least 89% or more sequence identity with at least
cne of the amino acid sequences of SEQ ID NO's: 1-22, 26-40, 87-88, and 103-104.
[00318] In particular embodiments of the above NB agents:

i) any amino acid substifution (when it is not a humanizing subsfitution as defined
herein} is preferably, and compared to the comresponding amine acid sequence of
SEQ ID NO's: 1-22, 26-40 and 87-88, a conservative amino acid substitution;

and/or:

ii} its amino acid sequence preferably contains either only amine acid substitutions, or
otherwise preferably no more than 5, preferably no more than 3, and more
preferably only 1 or 2 amino acid delefions or insertions, compared to the
corresponding amino acid sequence of SEQ ID NO's: 1-22, 26-40 and 87-88;

andfor

iii) the CDR's may be CDR's that are derived by means of affinity maturation, e.g.,
starting from the CDR’s of to the corresponding amino acid sequence of SEQ ID
NO’s: 1-22, 26-40 and 87-88.

[00319] Preferably, the CDR sequences and FR sequences in the NB agents of the
invention are such that the NB agents of the invention (and polypeptides comprising the
same).

a) bind to a DRS5, e.g., human DRS5, with a dissociation constant {Kp) of 10° to 107
molesfliter or less, and preferably 107 to 10°"? moles/liter or less and more
preferably 10 to 10" moles/liter (i.e., with an association constant {Ka) of 10° to
10" liter! moles or more, and preferably 107 fo 10" liter/moles or more and mare
preferably 10° to 10" liter/moles);
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and/or such that they:
b) bind to a DRS5, e.g., human DR5, with a k,-rate of between 10° M's™ to about 107
M"'s™, preferably between 10° M's”" and 10" M's™, more preferably between 10*
M7's™ and 10° M's™, such as between 10° M7's™ and 10" M's™;
andjor such that they:
¢} bind to a DR5, e.g., human DRS, with a k. rate between 1s™ (t,,=0.69 s) and 10°®
s™ (providing a near irreversible complex with a t;, of multiple days), preferably
between 107 s and 10® s™, more preferably between 10° s™* and 10° s, such as
between 10° s and 10% s™".
[00320] In one embodiment, CDR sequences and FR sequences present in the NB
agents of the invention are such that the NB agents of the invention will bind to a DRS5,
e.g., human DRS, with an affinity less than 500 nM, preferably less than 200 nM, more
preferably less than 10 nM, such as less than 500 pM.
[00321] In one non-imiting aspect of the invention, a NB agent may be as provided
herein, but with the proviso that it has at least "one amino acid difference” in at least one of
the framework regions compared to the correspending framework region of a naturally
occurring human Vy domain, and in particular compared to the corresponding framework
region of DP-47. More specifically, according to one non-limiting aspect of the invention, a
NB agent may be as provided herein, but with the provisc that it has at least “one amino
acid difference” at at least one of the Hallmark residues (including those at positions 108,
103 and/or 45) compared to the corresponding framework region of a naturally occurring
human Vy domain, and in particular compared to the corresponding framework region of
DP-47. Usually, a NB agent will have at least one such amino acid difference with a
naturally occurring Vi domain in at least one of FR2 and/or FR4, and in particular at at
least one of the Halmark residues in FR2 and/or FR4 (again, including those at positions
108, 103 and/or 45).
[00322] In one emboediment, a humanized NB agent of the invention may be as
provided herein, but with the proviso that it has at ieast “one amino acid difference” in at
least one of the framework regions compared fo the corresponding framework region of a
naturally occurring Vyg domain. More specifically, according to one non-limiting aspect of
the invention, a humanized NB agent may be as provided herein, but with the proviso that
it has at least “one amino acid difference” at at least one of the Hallmark residues
{including those at positions 108, 103 and/or 45) compared to the corresponding
framework region of a naturally occurring Vyy domain. Usually, a humanized NB agent will
have at least one such amine acid difference with a naturally occurring Vg domain in at
[east cne of FR2 and/or FR4, and in particular at at least one of the Halimark residues in
FR2 and/or FR4 (again, including those at positions 108, 103 and/or 45).
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[00323] As will be clear from the disclosure herein, it is within the scope of the invention
to use natural or synthetic analogs, mutants, variants, alleles, homologs and orthologs
(herein collectively referred to as “analogs”) of the NB agents of the invention as provided
herein, and in particular analogs of the NB constructs of SEQ ID NO's 1-22, 26-40, 87-88,
and 103-104 and of SEQ ID NOS: 96-99. Thus, according to one aspect of the invention,
the term "NB agents of the invention” and the term “NB constructs of the invention” in its
broadest sense also covers such analogs.

[00324] Generally, in such analogs, one or more amino acid residues may have been
replaced, deleted and/or added, compared to the NB agents of the invention as provided
herein. Such substitutions, insertions or deletions may be made in one or more of the
framework regions and/or in one or more of the COR's. When such substitutions,
insertions or deletions are made in one or more of the framework regions, they may be
made at one or more of the Hallmark residues and/or at one or more of the other positions
in the framework residues, although substitutions, insertions or deletions at the Hallmark
residues are generally less preferred (unless these are suitable humanizing substitutions
as described herein).

[00325] By means of non-limiting examples, a substitution may, e.g., be a conservative
substitution (as described herein) and/or an amino acid residue may be replaced by
another amino acid residue that naturally occurs at the same position in another Vi
domain {see e.g., WO 2008/020079 for non-limiting examples of such substitutions),
although the invention is generally not limited thereto. Thus, any one or more substitutions,
deletions or insertions, or any combination thereof, that either improve the properties of the
NB agents of the invention or that at least do not detract too much from the desired
properties or from the balance or combination of desired properties of the NB agents of the
invention (i.e,, to the extent that the NB agent is no longer suited for its intended use) are
included within the scope of the invention. A skilled person will generally be able to
determine and select suitable substitutions, deletions or insertions, or suitable
combinations of thereof, based on the disciosure herein and optionally after a limited
degree of routine experimentation, which may, e.g., involve introducing a limited number of
possible substitutions and determining their influence on the properties of the NB agents
thus obtained.

[00326] In one aspect, depending on the host organism used fo express the NB agent
(i.e., a polynucleotide or polypeptide of the invention), such deletions and/or substitutions
may be designed in such a way that one or more sites for post-transiational modification
(such as one or more glycosylation sites) are removed, as will be within the ability of the
person skiiled in the art. Alternatively, substitutions or insertions may be designed so as fo
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introduce one or more sites for attachment of functional groups (as described herein), e.g.,
to allow site-specific pegylation (again as described herein).

[00327] As provided in WO 2008/020079 regarding possible amino acid substitutions
and as presented above, some amino acid residues in the framework regions are more
conserved than others. In one aspect, although the invention in its broadest sense is not
limited thereto, any substitutions, deletions or insertions are preferably made at positions
that are less conserved. In one nonlimiting aspect, amino acid substitutions are preferred
over amino acid deletions or insertions.

[00328] In one nonlimiting aspect, the analegs are such that they can bind to DR5 with
an affinity (suitably measured and/or expressed as a Kp-value {actual or apparent), a Ka-
value (actual or apparent), a k,~rate andfor a kyrrate, or alternatively as an ICs, value, as
further described herein) that is as provided herein for the NB agents of the invention.
[00329] In one nonlimiting aspect, the analogs are such that they retain the favorable
properties of the NB agents, as described herein.

[00330} In cne embodiment, the analogs have a degree of sequence identity of af least
70%, preferably at least 80%, more preferably at least 80%, such as at least 95% or 99%
or more; andfor preferably have at most 20, preferably at most 10, even more preferably at
most 5, such as 4, 3, 2 or only 1 amine acid difference, with one of the NB constructs of
SEQ ID NOs: 1-22, 26-40, 87-88, and 103-104.

[80331] In a nonlimiting aspect, the framework sequences and CDR's of the analogs
will have (a) a Q at position 108; and/or (b} a charged amino acid or a cysteine residue at
position 45 and preferably an E at position 44, and more preferably E at position 44 and R
at position 45; and/or (c) P, R or S at position 103.

[60332] In one nontimiting aspect, one ciass of analogs of the NB agents of the
invention comprise NB agents that have been humanized (i.e., compared to the sequence
of a naturally oceurring NB agents of the invention). As mentioned in the background art
cited herein, such humanization generally involves replacing cne or more amino acid
residues in the sequence of a naturally oceurring Vyy with the amino acid residues that
occur at the same position in a human Vy domain, such as a human V;3 domain.
Examples of possible humanizing substitutions or combinations of humanizing
substitutions will be clear to the skilled person, e.g., from the Tables herein, from the
possible humanizing substitutions mentioned in the backgreund art cited herein, and/or
from a comparison between the sequence of a NB agent and the sequence of a naturally
occurring human vy domain.

[00333] In one nonlimiting aspect, the humanizing substitutions are chosen such that
the resulting humanized NB agents still retain the favorable properties of NB agents as
provided herein, and further such that they are as described for analogs in the preceding
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paragraphs. A skilled person will generally be able to determine and select suitable
humanizing substitutions or suitable combinations of humanizing substitutions, based on
the disclosure herein and optionally after a limited degree of routine experimentation,
which may, e.g., involve introducing a limited number of possible humanizing substitutions
and determining their influence on the properties of the NB agents thus obtained.

[00334] In one nonlimiting aspect, as a result of humanization, the NB agents of the
invention may become more “human-like”, while sfill retaining the favorable properties of
the NB agents of the invention as described herein. As a result, such humanized NB
agents may have several advantages, such as a reduced immunogenicity, compared to
the corresponding naturally occurring Vi domains. Again, based on the disclosure herein
and aptionaliy after a limited degree of routine experimentation, the skilled person will be
able to select humanizing substitutions or suitable combinations of humanizing
substitutions which optimize or achieve a desired or suitable baiance between the
favorable properties provided by the humanizing substitutions on the one hand and the
favorable properties of naturally occurring Vg domains on the other hand.

[00335] The NB agents of the invention may be suitably humanized at any framework
residue(s), such as at one or more Hallmark residues or at one or more other framework
residues (i.e., non-Halimark residues) or any suitable combination thereof. One preferred
humanizing substitution for NB agents of the *P,R,5-103 group” or the “KERE group” is
Q108 into L108, NB agents of the "GLEW class” may also be humanized by a Q108 into
1108 substitution, provided at least one of the other Haillmark residues contains a camelid
{camelizing) substitution. For example, as mentioned herein, one particularly preferred
class of humanized NB agents has GLEW or a GLEW-like sequence at positions 44-47; P,
R or S (and in particular R) at position 103, and an L at position 108.

[00336] The humanized and other analogs, and nucleic acid sequences encoding the
same, can be provided in any manner known per se, e.g., using one or more of the
techniques mentioned on pages 103 and 104 of WO 08/020079.

[00337] In one nonlimiting aspect, ene class of analogs of the NB agents of the
invention comprise NB agents that have been humanized (i.e., compared to the sequence
of a naturally aceurring NB agent of the invention). As mentioned in the background art
cited herein, such humanization generally involves replacing one or more amino acid
residues in the sequence of a naturally occurring Vy, with the amino acid residues that
occur at the same position in a human Vy domain, such as a human Vi3 domain.
Exampies of possible humanizing substitutions or combinations of humanizing
substitutions will be clear {0 the skilied person, e.g., from the Tables herein, from the
possible humanizing substitutions mentioned in the background art cited herein, andfor
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from a comparison between the sequence of a NB agent and the sequence of a naturally
occurring human Vy domain.

[00338] In one nonlimiting aspect, the humanizing substitutions are chosen such that
the resulting humanized NB agents still retain the favorable properties of NB agents as
provided herein, and more preferably such that they are as described for analegs in the
preceding paragraphs. A skilled person will generally be able to determine and select
suitable humanizing substitutions or suitable combinations of humanizing substitutions,
based on the disclosure herein and optionally after a limited degree of routine
experimentation, which may, e.g., involve introducing a limited number of possible
humanizing substitutions and determining their influence on the properties of the NB
agents thus obtained. _

[00339] Generally, as a result of humanization, the NB agents of the invention may
become more "human-like”, while still retaining the favorable properties of the NB agents
of the invention as described herein. As a result, such humanized NB agents may have
several advantages, such as a reduced immunogenicity, compared to the corresponding
naturally occurring Vi domains. Again, based on the disclosure herein and optionally after
a limited degree of routine experimentation, the skilled person will be able to select
humanizing substitutions or suitable combinations of humanizing substitutions which
optimize or achieve a desired or suitable balance between the favorable properties
provided by the humanizing substitutions on the one hand and the favorable properties of
naturally occurring Vug domains on the other hand.

[00340] The NB agents of the invention may be suitably humanized at any framework
residue(s}, such as at one or more Hallmark residues (as defined in WO 2008/020079) or
at one or more other framework residues (i.e., non-Hallmark residues) or any suitable
combination thereof.

[00341] The humanized and other analogs, and nucleic acid sequences encoding the
same, can be provided in any manner known per se. For example, the analogs can be
obtained by providing a nucleic acid that encodes a naturaliy occurring Vi, domain,
changing the codons for the one or more amino acid residues that are to be substituted
into the codoens for the corresponding desired amino acid residues (e.q. by site-directed
mutagenesis or by PCR using suitable mismatch primers), expressing the nucleic
acid/nucleotide sequence thus obtained in a suitable host or expression system; and
aptionally isolating and/for purifying the analog thus obtained to provide said analog in
essentially isolated form (e.g. as further described herein).

[00342] This can generally be performed using methods and technigues known per se,
which will be clear to the skilled person, e.g., from the handbooks and references cited
herein, the background art cited herein and/or from the further description herein.
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Alternatively, a nucleic acid encoding the desired analog can be synthesized in a manner
known per se {for example using an automated apparatus for synthesizing nucleic acid
sequences with a predefined amino acid sequence) and can then be expressed as
described herein. Yet another technique may involve combining one or more naturally
occurring and/or synthetic nucleic acid sequences each encoding a part of the desired
analog, and then expressing the combined nucleic acid sequence as described herein.
Also, the analogs can be provided using chemical synthesis of the pertinent amino acid
seqiuence using technigues for peptide synthesis known per se, such as those mentioned
herein.

[60343] Inthis respect, it wili be also be clear to the skilled person that the NB agents
of the invention (including their analogs) can be designed and/or prepared starting from
human Vy sequences (i.e., amino acid sequences or the corresponding nucleotide
sequences), such as, e.q., from human V;3 sequences such as DP-47, DP-51 or DP-29,
i.e., by introducing one or more camelizing substitutions (i.e., changing one or more amino
acid residues in the amino acid sequence of said human Vy domain into the amino acid
residues that occur at the corresponding position in a Vi domain), so as to provide the
sequence of 3 NB agent of the invention and/or s¢ as to confer the favorable propeHies of
a NB agent to the sequence thus obtained. Again, this can generally be performed using
the various methods and techniques referred fo in the previous paragraph, using an amino
acid sequence and/or nucleotide sequence for a human V,; domain as a starting point.
[00344] As mentioned there, it will be clear to the skilled person that the NB agents of
the invention (including their analogs) can be designed and/or prepared starting from
human Vy sequences {i.e., amino acid sequences or the cormesponding nucleotide
sequences), such as, e.g., from human V43 sequences such as DP-47, DP-51 or DP-29,
i.e., by introducing one or more camelizing substitutions {i.e., changing one or more amino
acid residues in the amino acid sequence of said human V,domain into the amino acid
residues that occur at the corresponding position in a Vi domain), so0 as to provide the
sequence of a NB agent of the invention and/or so as {o canfer the favorable properties of
a NB agents to the sequence thus obtained. Again, this can generally be performed using
the various methods and techniques referred to in the previpus paragraph, using an amino
acid sequence and/or nucleotide sequence for a human Vi domain as a starting point.
[00345] Some non-iimiting camelizing substitutions can be derived from WO
2008/020079. It will be clear that camelizing substitutions at one or more of the Hallmark
residues will generally have a greater influence on the desired properties than substitutions
at one or more of the other amino acid posttions, although both and any suitable
combination thereof are included within the scope of the invention. For example, it is
possible to introduce one or more camelizing substitutions that already confer at least
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some the desired properties, and then to introduce further camelizing substitutions that
either further improve said properties and/or confer additional favorable properties. Again,
the skilled person will generally be able to determine and select suitable camelizing
substitutions or suitable combinations of camelizing substitutions, based on the disclosure
herein and optionally after a limited degree of routine experimentation, which may, e.g.,
involve introducing a limited number of possible camelizing substitutions and determining
whether the favorable properties of NB agents are obtained or improved (i.e., compared to
the original V,; domain}.

[00346] In one nonlimiting aspect, such camelizing substitutions are such that the
resuiting an amino acid sequence at least contains (a) a Q at position 108; and/or (b) a
charged amino acid or a cysteine residue at position 45 and preferably also an E at
position 44, and more preferably E at position 44 and R at position 45; and/or {(c) P, Ror S
at position 103; and optionally one or more further camelizing substitutions. In one
nonlimiting aspect, the camelizing substitutions are such that they result in a NB agent of
the invention and/or in an analog thereof, such as in a humanized analog and/or preferably
in an analog that is as provided in the preceding paragraphs.

[00347] As will also be clear from the disclosure herein, it is also within the scope of the
invention to use parts or fragments, or combinations of two or more parts or fragments, of
the NB agents of the invention as provided herein, and in particular parts or fragments of
the NB agents of SEQ ID NQO's: 1-22, 26-40, 87-88, and 103-104 and of SEQ ID NOS:
96-99. Thus, according to one aspect of the invention, the term “NB agents of the
invention” in its broadest sense also covers such parts or fragments.

[00348] Genenrally, such parls or fragments of the NB agents of the invention {including
analogs thereof) have amino acid sequences in which, compared to the amino acid
sequence of the corresponding full length NB agent of the invention (or analog thereof),
one or more of the amino acid residues at the N-terminal end, one or more amino acid
residues at the C-terminal end, one or more contiguous internal amino acid residues, or
any combination thereof, have been deleted and/or removed.

[00349] The parts or fragments are preferably such that they can bind to a DR5, e.g.,
human DRE with an affinity (suitably measured and/or expressed as a Kp-value (actual or
apparent), a Ka-value (actual or apparent), a k-rate and/or a kyrrate, or alternatively as
an 1Cs value, as further described herein) that is as provided herein for the NB agents of
the invention.

[00350]  Any part or fragment is preferably such that it comprises at ieast 10 contiguous
amino acid residues, preferably at least 20 contiguous amino acid residues, more
preferably at least 30 contiguous amino acid residues, such as at least 40 contiguous
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amino acid residues, of the amino acid sequence of the corresponding full length NB agent
of the invention.

[00351] Also, any part or fragment is such preferably that it comprises at least one of
CDR1, CDR2 and/or CDR3 or at least part thereof (and in particular at least CDR3 or at
least part thereof). More preferably, any part or fragment is such that it comprises at least
one of the CDR's {and preferably at least CDR3 or part thereof) and at least one other
CDR {i.e., CDR1 or CDR2) or at least part thereof, preferably connected by suitable
framework sequence(s) or at least part thereof. More preferably, any part or fragment is
such that it comprises at least one of the CDR’s {and preferably at least CDR3 or part
thereof) and at least part of the two remaining CDR’s, again preferably connected by
suitable framework sequence(s) or at [east part thereof.

[00352] According to another particularly preferred, but non-limiting aspect, such a part
or fragment comprises at least CDR3, such as FR3, CDR3 and FR4 of the corresponding
full length NB agent of the invention, i.e., as, e.g., described in the International application
WO 03/050531 (Lasters et al.}.

[00353] As already mentioned herein, it is also possible to combine two or more of
such parts or fragments (i.e., from the same or different NB agents of the invention), i.e., to *
provide an analog andfor to provide further parts or fragments of a NB agent of the
invention. Itis, €.9., also possible to combine one or more parts or fragments of a NB
agent of the invention with one or more parts or fragments of a human Vy domain.

[00354] According to one aspect, the parts or fragments have a degree of sequence
identity of at ieast 50%, at least 60%, at least 70%, at least 80%, and/or at least 90%, 95%
or 99% or mare with one of the NB agents of SEQ ID NOs 1-22, 26-40, 87-88, and
103-104, and with SEQ ID NOs: 958-99.

[00358] The parts and fragments, and nucleic acid sequences encoding the same, can
be provided and optionally combined in any manner known per se. For example, such
parts or fragments can be obtained by inserting a stop codon in a nucleic acid that
encodes a full-sized NB agent of the invention, and then expressing the nucleic acid thus
obtained in a manner known per se (e.g. as described herein). Alternatively, nucleic acids
encoding such parts or fragments can be obtained by suitably restricting a nucleic acid that
encodes a full-sized NB agent of the invention or by synthesizing such a nucleic acid in a
manner known per se. Parts or fragments may also be provided using techniques for
peptide synthesis known per se,

[00356] The invention in its broadest sense alse comprises derivatives of the NB
agents of the invention. Such derivatives can generally be obtained by modification, and in
particular by chemical and/or biological (e.g. enzymatic) modification, of the NB agents of
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the invention and/or of one or more of the amino acid residues that form the NB agents of
the invention.

[00357] Examples of such modifications, as well as examples of amino acid residues
within the NB agent sequence that can be modified in such a manner (i.e., either on the
polypeptide backbone but preferably on a side chain), methods and techniques that can be
used to introduce such modifications and the potential uses and advantages of such
modifications will be clear to the skilled person.

[00358] In one nonlimiting aspect, such a meodification involves the infroduction {e.g. by
covalent linking or in an other suitable manner) of one or more functional groups, residues
or moieties into or onto the NB agent of the invention, and in particular of one or more
functional groups, residues or moieties that confer one or more desired properties or
functionalities to the NB agent of the invention. Example of such functional groups will be
clear to the skilled person.

[60359] in cne nonlimiting aspect, such modification comprise the introduction (e.g. by
covalent binding or in any other suitable manner) of one or more functional groups that
increase the half-life, the solubility and/or the absorption of the NB agent of the invention,
that reduce the immunogenicity and/or the toxicity of the NB agent of the invention, that
eliminate or attenuate any undesirable side effects of the NB agent of the invention, and/eor
that confer other advantageous properties t¢ and/or reduce the undesired properties of the
NB agents and/or polypeptides of the invention; or any combination of fwo or more of the
foregoing. Examples of such functionai groups and of technigues for infroducing them will
be clear to the skilled person, and can generally comprise all functional groups and
techniques mentioned in the general background art cited hereinabove as well as the
functional groups and techniques known per se for the modification of pharmaceutical
proteins, and in particular for the modification of antibodies or antibody fragments
{including ScFv's and single domain antibodies), for which reference is, e.g., made to
Remington's Pharmaceutical Sciences, 16th ed., Mack Publishing Co., Easton, PA (1980).
Such functional groups may, e.g., be linked directly (for example covalently) o a NB agent
of the invention, or optionally via a suitable linker or spacer, as will again be clear to the
skilled person.

[00360] One of the most widely used technigues for increasing the half-life and/or
reducing the immunogenicity of pharmaceutical proteins comprises attachment of a
suitable pharmacclogicaily acceptable polymer, such as poly(ethylene glyco!) (PEG) or
derivatives thereof (such as methoxypoly(ethylene glycol) or mPEG). Generally, any
suitable form of pegylation can be used, such as the pegylation used in the art for
antibodies and antibody fragments (including but not limited to (single) domain antibodies
and ScFv's); See, e.g., Chapman, Nat. Biotechnol., £4, 531-545 (2002); by Veronese and
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Harris, Adv. Drug Deliv. Rev. 54, 453-456 (2003), by Harris and Chess, Nat. Rev. Drug.
Discov., 2, (2003) and in WO 04/060965. Various reagents for pegylation of proteins are
also commercially available, e.g., from Nektar Therapeutics, USA.

[00361] In one embodiment, site-directed pegylation is used, in particular via a
cysteine-residue {see, e.g., Yang et al., Protein Engineering, 16, 10, 761-770 (2003). In
various embodiments, for this purpose, PEG is attached to a cysteine residue that naturally
occurs in a NB agent of the invention. A NB agent of the invention may be modified so as
to suitably introduce one or more cysteine residues for attachment of PEG, or an amino
acid sequence comprising ohe or more cysteine residues for attachment of PEG may be
fused to the N- andfor C-terminus of a NB agent of the invention, all using technigues of
protein engineering known per se to the skilled person.

[00362] [n ene embodiment, for the NB agents and proteins of the invention, a PEG is
used with a molecular weight of more than 5000, such as more than 10,000 and less than
200,000, such as less than 100,000;, e.q., in the range of 20,000-80,000.

[00363] In one embodiment, modification comprises N-linked or O-linked glycosylation,
usually as part of co-translational andfor post-translational modification, depending on the
host cell used for expressing the NB agent or polypeptide of the invention.

[00364] In one embodiment, modification may comprise the intreduction of one or more
detectable labels or other signal-generating groups or moieties, depending on the intended
use of the labeled NB agent. Suitable labels and techniques for attaching, using and
detecting them will be clear to the skilled person, and, e.g., include, but are not limited to,
the flucrescent {abels, phosphorescent labels, chemiluminescent labels, bicluminescent
labels, radio-isotopes, metals, metal chelates, metallic cations, chromophores and
enzymes, such as those mentioned on page 109 of WO 08/020079. Other suitable labels
will be clear to the skilled perscon, and, e.g., include moieties that can be detected using
NMR or ESR spectroscopy.

[00365] Such labeled NB agents and polypeptides of the invention may, e.g., be used
for in vitro, in vivo or in situ assays (including immunoassays known per se such as ELISA,
RIA, EIA and other “sandwich assays”, etc.} as well as in vivo diagnostic and imaging
purposes, depending on the choice of the specific label.

[00366] In one embodiment, medification may invelve the introduction of a chelating
group, e.g., to chelate one of the metals or metallic cations referred to above. Suitable
chelating groups, e.9., inciude, without limitation, diethyl-enetriaminepentaacetic acid
{DTPA) or ethylenediaminetetraacetic acid (EDTA).

[00367] In one emboediment, modification may comprise the introeduction of a functional
group that is one part of a specific binding pair, such as the biotin-(strept)avidin binding
pair. Such a functional group may be used fo link the NB agent of the invention o another
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protein, polypeptide or chemical compound that is bound to the other half of the binding
pair, i.e., through formation of the binding pair. For example, a NB agent of the invention
may be conjugated to biotin, and linked to another protein, polypeptide, compound or
carrier conjugated to avidin or streptavidin. For example, such a conjugated NB agent may
be used as a reporter, e.g., in a diagnostic system where a detectable signal-producing
agent is conjugated to avidin or streptavidin. Such binding pairs may, e.g., also be used to
bind the NB agent of the invention to a carrier, including carriers suitable for
pharmaceutical purposes. One non-limiting example are the liposomal formulations
described by Cao and Suresh, Journal of Drug Targeting, 8, 4, 257 (2000). Such binding
pairs may also be used to link a therapeutically active agent to the inventive NB agent.
[00368] For some applications, in particular for those applications in which it is intended
to Kilt a cell that expresses the target against which the NB agents of the invention are
directed (e.g. in the treatment of cancer), or to reduce or slow the growth and/or
proliferation of such a cell, the NB agents of the invention may also be linked to a toxin or
to a (cyto)toxic residue or moiety. Examples of toxic moieties, compounds or residues
which can be linked to a NB agent of the invention to provide —, e.g., — a cytotoxic
compound will be clear to the skilled person and can, e.g., be found in the art references
cited above and/or in the further description herein. One example is the so-called
ADEPT™ technology described in WO 03/055527.

[00369]  Other potential chemical and enzymatic modifications will be clear to the skilled
person and are within the scope of the invention. Such modifications may also be
introduced for research purposes (e.g. to study fdncﬁon-acﬁvity relationships). Reference
is, e.g., made to Lundblad and Bradshaw, Biotechnol. Appl. Biochem., 26, 143-151 (1997).
[00370] in one nonlimiting aspect, the derivatives are such that they bind to a DRS5,
e.g., human DRS, with an affinity (suitably measured and/or expressed as a Kp-value
(actual or apparent), a Ka-value (actual or apparent), a k,-rate andfor a k.prate, or
alternatively as an ICs, value, as further described herein) that is as provided herein for the
NB agents of the invention.

[00371] As mentioned herein, the invention also relates to proteins or polypeptides that
essentially consist of or comprise at least one NB agent of the invention. By "essentially
consist of" is meant that the amino acid sequence of the polypeptide of the invention either
is exactly the same as the amino acid sequence of a NB agent of the invention or
corresponds to the amino acid sequence of a NB agent of the invention which has a limited
number of amino acid residues, such as 1-20 amino acid residues, e.g., 1-10 amino acid
residues and preferably 1-6 amino acid residues, such as 1, 2, 3, 4, 5 or 6 amino acid
residues, added at the amino terminal end, at the carboxy terminal end, or at both the
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amino terminal end and the carboxy terminal end of the amino acid sequence of the NB
agent.
[00372] Said aminoe acid residues may or may not change, alter or otherwise
appreciably influence the (biological) properties of the NB agent, and may or may not add
further functionality to the NB agent. For example, such amino acid residues:

a} can comprise an N-terminal Met residue, e.g., as result of expressionin a
heterologous host cell or host organism; or

b) may form a signal sequence or leader sequence that directs secretion of the NB
agent from a host cell upon synthesis. Suitable secretory leader peptides will be clear to
the skilled person, and may be as further described herein. Usually, such a leader
sequence will be linked to the N-terminus of the NB agent, although the invention in its
broadest sense is not limited thereto; or

¢) may form a sequence or signal that ailows the NB agent to be directed towards
andfor to penetrate or enter into specific organs, tissues, cells, or parts or compartments of
cells, and/or that allows the NB agent {o penetrate or cross a biclogical barrier such as a
cell membrane, a celi layer such as a layer of epithelial cells, a tumor including solid
tumors, or the blood-brain-barrier, Examples of such amino acid sequences will be clear to
the skilled person and include those menticned in paragraph ¢} on page 112 of WO
08/020079; or

d) may form a “tag”, e.g., an amine acid sequence or residue that allows or
facilitates the purification of the NB agent, e.g., using affinity techniques directed against
said sequence or residue. Thereafter, said sequence or residue may be removed (e.g. by
chemical or enzymatic cleavage) io provide the NB agent sequence (for this purpose, the
tag may optionaily be linked to the NB agent sequence via a cleavable linker sequence or
contain a cleavable motif). Some non-limiting examples of such residues are one or more
of each of a cMyc tag (SEQ 1D NO: 91), muiltiple histidine residues such as the Hisx6 tag
(SEQ 1D NO: 92), or a combination of a cMyc tag and the Hisx6 tag (SEQ ID NO: 93 or
SEQ ID NO: 94), PEGylation substrate tag (SEQ ID NO: 95), glutathione residues and
other myc-tag (see, e.g., SEQ ID NO: 31 of WO 06/12282); or

e) may be one or more amino acid residues that have been functionalized andfor
that can serve as a site for attachment of functional groups. Suitable amino acid residues
and functional groups will be clear tc the skilled person and include, but are not limited to,
the amino acid residues and functional groups mentioned herein for the derivatives of the
NB agents of the invention.
[00373] According to one aspect, a polypeptide of the inveniion comprises a NB agent
of the invention that is fused at its amino terminal end, at its carboxy terminal end, or both
at its amino terminal end and at its carboxy terminal end, to at least one further amino acid
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sequence, i.e., s0 as to provide a fusion protein comprising said NB agent of the invention
and the onhe or more further amino acid sequences. Such a fusion is referred to herein as a
“NB agent fusion”.

[00374] The one or more further amino acid sequence may be any suitable and/or
desired amino acid sequences. The further amino acid sequences may or may not change,
alter or otherwise influence the (biological) properties of the NB agent, and may or may not
add further functionality to the NB agent or the polypeptide of the invention. Preferably, the
further amino acid sequence is such that it confers one or more desired properties or
functionalities to the NB agent or the polypeptide of the invention.

[00375] Forexample, the further amino acid sequence may also provide a second
binding site, which binding site may be directed against any desired protein, polypeptide,
antigen, antigenic determinant or epitope (including but not limited to the same protein,
polypeptide, antigen, antigenic determinant or epitope against which the NB agent of the
invention is directed, or a different protein, polypeptide, antigen, antigenic determinant or
epitope).

[00376] Example of such amino acid sequences will be clear to the skilled person, and
may generally comprise all amino acid sequences that are used in peptide fusions based
on conventional antibodies and fragments thereof (including but not limited to ScFv's and
single domain antibodies). Reference is, e.g., made to the review by Holliger and Hudson,
Nature Biotechnology, 23, 9, 1126-1136 (2005).

[00377] In one nonlimiting aspect, such an amino acid sequence is an amino acid
sequence that increases the half-life, the solubility, or the absorption, reduces the
immunocgenicity of the toxicity, eliminates or attenuates undesirable side effects, and/or
confers other advantageous properties to and/or reduces the undesired properties of the
polypeptides of the invention, compared to the NB agent of the invention per se. Some
non-limiting examples of such amine acid sequences are serum proteins, such as human
serum albumin (see, e.g., WO 00/27435) or haptenic molecules (for example haptens that
are recognized by circulating antibodies, see, e.g., WO 98/22141).

[00378]  In particular, it has been described in the art that linking fragments of
immunoglobulins (such as Vy; domains) to serum albumin or fo fragments thereof can be
used to increase the half-life. Reference is made, e.g., to WO 00/27435 and WQ
01/077137. According to the invention, a NB agent of the invention is preferably either
directly linked to serum albumin (or to a suitable fragment thereof) or via a suitable linker,
and in particular via a suitable peptide linked so that the polypeptide of the invention can
be expressed as a genetic fusion (protein). According to one specific aspect, the NB agent
of the invention may be linked to a fragment of serum albumin that at least comprises the
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domain lll of serum albumin or part therecof. Reference is, e.g., made to WO 07/112940 of
Ablynx N.V.

[00379]  Alternatively, the further amino acid sequence may provide a second hinding
site or binding unit that is directed against a serum protein (such as, ¢.g., human serum
albumin or another serum protein such as IgG), s¢ as to provide increased half-life in
serum. Such amino acid sequences, e.g., include the NB agent described below, as well
as the small peptides and binding proteins described in WO 91/01743, WO 01/45746 and
WO 02/076489 and the dAb's described in WO 03/002808 and WO 04/003019. Reference
is also made to Harmsen ef al., Vaccine, 23 (41); 4926-42, 2005, as well as to EP 0 368
684, and to WO 2006/122787, WO 2008/028977, WO 2008/043821, WO 2008/068280
and WO 20091127691 by Ablynx N.\.

{00380] Such amino acid sequences may in particular be directed against serum
albumin {and more in particular human serum albumin) andfor against IgG {(and more in
particuiar human IgG}). For example, such amino acid sequences may be amino acid
sequences that are directed against (human} serum albumin and amino acid sequences
that can bind to amino acid residues on (human) serum albumin that are not involved in
binding of serum albumin to FcRn (see, e.g., WO 06/0122787) and/or amin¢ acid
sequences that are capable of binding to amino acid residues on serum albumin that do
not form part of domain lil of serum albumin (see again, e.g., WO 06/0122787); amino acid
sequences that have or can provide an increased half-life (see, e.9., WO 08/028977 by
Ablynx N.V); amine acid sequences against human serum albumin that are cross-reactive
with serum albumin from at least one species of mammal, and in particular with at least
one species of primate {such as, without limitation, monkeys from the genus Macaca (such
as, and in particular, cynomologus monkeys, a.k.a. “cyno” {(Macaca fascicularis) and/or
rhesus monkeys {Macaca mulatta)) and baboon (Papfo ursinus), reference is again made
to the US provisional application 60/843,349), amino acid sequences that can bind to
serum albumin in a pH independent manner (see, e.g., the US provisional application
60/850,774 by Ablynix N.V. entitled “Amino acid sequences that bind to serum proteins in a
manner that is assentiaily independent of the pH, compounds comprising the same, and
uses thereof', filed on October 11, 2006) and/or amino acid sequences that are conditional
binders (see, e.g'., the US provisional application 60/850,775 by Ablynx N.V. entitled
“*Amino acid sequences that bind to a desired molecule in a conditional manner”, filed on
October 11, 2006) and to WO 2006/122787, WO 2008/028977, WO 2008/043821, WO
2008/068280 and WO 2009/127691.

[00381] According to another aspect, the one or more further amino acid sequences
may comprise one or more parts, fragments or domains of conventional four-chain
antthodies (and in particular human antibodies) and/or of heavy chain antibedies. For
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example, although usually less preferred, a NB agent of the invention may be linked to a
conventional {preferably human) V, or V| domain or to a natural or synthetic analog of a
Vy or Vi domain, again optionally via a linker sequence (including but not limited to other
(single) domain antibodies, such as the dAb's described by Ward et al.).

[00382] The at least one NB agent may be linked to one or more (preferably human)
Cu1, Cu2 andfor Cy3 domains, optionally via a linker sequence. For instance, a NB agent
linked to a suitable Cy1 domain could be used - together with suitabie light chains - to
generate antibody fragments/structures analogous to conventional Fab fragments or
F(ab), fragments, but in which one or (in case of an F(ab’), fragment) one or both of the
conventional Vy domains have been replaced by a NB agent of the invention. Also, two NB
agents could be linked to a C3 domain (optionally via a linker) to provide a construct with
increased half-life in vivo.

[00383] In one aspect of the invention, one or more NB agents of the invention are
linked to one or more antibody parts, fragments or domains that confer one or more
effector functions to the polypeptide of the invention and/or may confer the ability to bind to
one or more Fc receptors. For example, for this purpose, and without being limited thereto,
the one or more further amino acid sequences may comprise one or more C2 and/or C3
domains of an antibody, such as from a heavy chain antibody (as described herein) and
more preferably from a conventional human 4-chain antibody; andfor may form (part of)
and Fc region, e.g., from IgG, from IgE or from another human Ig. For example, WO
94/04678 describes heavy chain antibodies comprising a Camelid Vyy domain or a
humanized derivative thereof, in which the Camelidae Cy2 andfor C43 domain have been
replaced by human Cy2 and C;3 domains, so as to provide an immunogiobulin that
consists of two heavy chains each comprising a2 Vi and human Cy2 and Ci3 domains
(but no Cyy1 domain), which immunoglobuiin has the effector function provided by the C2
and Cy3 domains and which immunogiobulin can function without the presence of any light
chains. Other amino acid sequences that can be suitably linked to the NB agents of the
invention so as to provide an effector function will be clear to the skilled person, and may
be chosen on the basis of the desired effector function(s). Reference is, e.g., made to WO
04/058820, WO 99/42077 and WO 05/017148, as weil as the review by Holliger and
Hudson, supra. Coupling of a NB agent of the invention to an Fc portion may also lead to
an increased half-life, compared to the corresponding NB agent of the invention. For some
applications, the use of an Fe portion and/or of constani domains (i.e., Cy2 andfor Cp3
domains) that confer increased half-life without any biologically significant effector function
may also be suitable or even preferred. Other suitable constructs comprising one or more
NB agents and one or more constant domains with increased half-life in vivo will be clear
to the skilled person, and may, e.g., comprise two NB agents linked to a C43 domain,
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optionally via a linker sequence. Generally, any fusion protein or derivatives with increased
half-life will preferably have a molecular weight of more than 50 kD, the cut-off value for
renal absorption.

[00384] The further amino acid sequences may also form a signal sequence or leader
sequence that directs secretion of the NB agent or the polypeptide of the invention from a
host cell upon synthesis (for example to provide a pre-, pro- or prepro- form of the
polypeptide of the invention, depending on the host cell used to express the polypeptide of
the invention).

[00385] In one aspect, a further amino acid sequence forms a sequence or signal that
allows the NB agent or polypeptide of the invention to be directed towards and/or to
penetrate ar enter into specific organs, tissues, cells, or parts or compartments of celis,
and/or that allows the NB agent or polypeptide of the invention to penetrate or cross a
biological barrier such as a cell membrane, a cell layer such as a layer of epithelial cells, a
tumor including solid tumars, or the bload-brain-barrier. Suitable examples of such amina
acid sequences will be clear to the skilled person, and, e.g., include, but are not limited to,
those mentioned on page 118 of WO 08/020079. For some applications, in particular for
thase applications in which it is intended to kill a cell that expresses the target against
which the NB agents of the invention are directed {e.g. in the freatment of cancer), or to
reduce or slow the growth and/or proliferation of such a cell, the NB agents of the invention
may also be linked to a (cyto)toxic protein or polypeptide. Examples of such toxic proteins
and polypeptides which can be linked to a NB agent of the invention to provide —, e.g., - a
cytotoxic polypeptide of the invention wili be clear to the skilled person and can, e.g., be
found in the art references cited above and/or in the further description herein. One
exampie is the so-called ADEPT™ technology described in WO 03/055527.

[00386] In one non-imiting aspect, said one or more further amino acid sequences
comprise at least one further NB agent, so as to provide a polypeptide of the invention that
comprises at least two, such as three, four, five or more NB agents, in which said NB
agents may optionally be linked via one or more linker sequences. Polypeptides of the
invention that comprise one, two or more Vi constructs, e.g., as described on pages 119
and 120 of WO 08/020079, and at ieast one NB agent of the invention, will also be referred
to herein as “multivalent” polypeptides of the invention, and the NB agent(s) present in
such polypeptides will also be referred to herein as being in a “multivalent format”.

[00387] Polypeptides of that contain at least two NB agents, in which at least one NB
agent is directed against a first antigen {i.e., against DR5,) and at least one NB agent is
directed against a second antigen (i.e., different from DRS5), will also be referred to as
‘multispecific’ polypeptides of the invention, and the NB agent present in such
polypeptides will also be referred to herein as being in a “multispecific format”. Thus, e.g.,
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a “bispecific” polypeptide of the invention is a polypeptide that comprises at least one NB
agent directed against a first antigen (i.e., DR5), more preferably three, four, five or more
NB agentis directed against DRS and at least one further NB agent directed against a
second antigen (i.e., different from DR5), whereas a “trispecific” polypeptide of the
invention is a polypeptide that comprises at least one NB agent directed against a first
antigen {i.e., one epitope of DR5), at least one further NB agent directed against a second
antigen (i.e., a different epitope from DR5 or an antigen different from TRAIlIL-receptor,)
and at least one further NB agent directed against a third antigen (i.e., different from both
DRS5 and the second antigen); etc.

[00388] Accordingly, in its simplest form, a bispecific polypeptide of the invention is a
bivalent polypeptide of the invention, comprising a first NB agent directed against DRS5,
and a second NB agent directed against a second antigen, in which said first and second
NB agent may optionally be linked via a linker sequence; whereas a trispecific polypeptide
of the invention in its simplest form is a trivalent polypeptide of the invention, comprising a
first NB agent directed against DRS, a second NB agent directed against a second antigen
and a third NB agent directed against a third antigen, in which said first, second and third
NB agent may optionaily be linked via one or more, and in particular one and more, in
particular two, linker sequences.

[00389] As will be clear from the description herein, the invention is not limited the
above, in the sense that a multispecific polypeptide of the invention may comprise at least
one or more NB agents against DRS, and any number of NB agents directed against ocne
or more antigens different from DRS.,

[066390] \When reference is made to a specific multivalent or multispecific polypeptide of
the invention, it should be noted that this encompasses any order or arrangements of the
relevant NB agents, unless explicitly indicated otherwise.

[60391]  Furthermore, it is within the scope of the invention that the polypeptides of the
invention contain two or more NB agents and one or more further amino acid sequences
(as mentioned herein).

[00382] For multivalent and multispecific polypeptides containing one or more Vyy
domains and their preparation, reference is also made to Conrath et al., J. Biol. Chem.,
Vol. 276, 10. 7346-7350, 2001; Muyldermans, Reviews in Molecular Biotechnology 74
(2001), 277-302; as well as to, e.q., WO 96/34103 and WO 99/23221. Some other
examples of some specific muitispecific and/or multivalent polypeptide of the invention can
be found in the applications by Ablynx N.V. referred to herein.

[00393] One non-limiting example of a multispecific polypeptide of the invention
comprises at least one NB agent of the invention and at least one NB agent that provides
for an increased half-life. Such NB agents may, e.g., be NB agents that are directed
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against a serum protein, and in particular a human serum protein, such as human serum
albumin, thyroxine-binding protein, (human) transferrin, fibrinogen, an immunogliobulin
such as lgG, IgE or IgM, or against one of the serum proteins listed in WO 04/003019. Of
these, NB agents that can bind to serum albumin (and in particular human serum atbumin)
orto lgG (and in particular human IgG, see, e.qg., NANOBODY™ VH-1 described in the
review by Muyldermans, supra} are particularly preferred (although, e.g., for experiments
in mice or primates, NB agents against or cross-reactive with rmouse serum albumin (MSA)
or serum albumin from said primate, respectively, can be used. However, for
pharmaceutical use, NB agents against human serum albumin or human IgG will usually
be preferred). NB agents that provide for increased haif-life and that can be used in the
polypeptides of the invention include the NB agenis directed against serum albumin that
are described in WO 04/041865, in WO 06/122787 and in the further patent applications
by Ablynx N.V., such as those mentioned herein.

[00394] For example, the some preferred NB agents that provide for increased half-life
for use in the present invention include NANOBODIES™ that can bind to amino acid
residues on (human) serum albumin that are not involved in binding of serum albumin to
FcRn (see, e.g., WO 06/0122787); NANOBODIES™ that are capable of binding {o amino
acid residues on serum albumin that do not form part of domain lil of serum albumin (see,
e.g., WO 06/0122787); NANOBODIES™ that have or can provide an increased half-life
(see, e.g., the US provisional application 60/843,349 by Ablynx N.V mentioned herein};
NANOBODIES™ against human serum albumin that are cross-reactive with serum
albumin from at least one species of mammal, and in particular with at least one species of
primate (such as, without limitation, monkeys from the genus Macaca (such as, and in
particular, cynomologus monkeys (Macaca fascicularis) and/or rhesus menkeys (Macaca
mulgtta)) and baboon fPapio ursinus)) (see, e.g., the US provisional application
60/843,349 by Ablynx N.V); NANOBODIES™ that can bind to serum albumin in a pH
independent manner (see, e.g., the US provisional application 60/850,774 by Ablynx N.V.
mentioned herein) and/or NANOBODIES™ that are conditional binders (see, e.g., the US
provisional application 60/850,775 by Ablynx N.V.),

[00395] Some particularly preferred NANOBODIES™ that provide for increased half-
life and that can be used in the polypeptides of the invention include the NANOBODIES™
ALB-1 to ALB-10 disclosed in WO 06/122787 {see Tables Ii and |li therein) of which ALB-8
(SEQ ID NO: 62 in WO 06/122787) is particularly preferred.

[00396] According to a specific, but non-limiting aspect of the invention, the
polypeptides of the invention contain, besides the one or more NB agents of the invention,
at ieast one NB agent against human serum albumin.
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[00397] In one embodiment, any polypeptides of the invention with increased half-life
that contain one or more NB agents of the invention, and any derivatives of NB agents of
the invention or of such polypeptides that have an increased half-life, have a half-life that is
at least 1.5 times, and/or at least 2 times, and/or at least 5 times, e.9., at least 10 times or
more than 20 times, greater than the half-life of the comesponding NB agent of the
invention per se. For example, such a derivative or polypeptides with increased half-life
may have a half-life that is increased with more than 1 hours, andfor more than 2 hours,
and/or more than 6 hours, such as more than 12 hours, or even more than 24, 48 or 72
tours, compared fo the corresponding NB agent of the invention per se.

[00338] In one non-limiting aspect of the invention, such derivatives or polypeptides
exhibit a serum half-life in human of at least about 12 hours, and/or at least 24 hours,
andfor at least 48 hours, and/or at least 72 hours or more. For example, such derivatives
or polypeptides may have a half-life of at least 5 days (such as about 5 to 10 days), and/or
at least 9 days (such as about 9 {o 14 days), and/or at least about 10 days (such as about
10 to 15 days}, and/or at least about 11 days (such as about 11 {o 16 days), and/or at least
about 12 days (such as about 12 to 18 days or more), and/or more than 14 days (such as
about 14 to 19 days).

[00399] According to one aspect of the invention, such polypeptides are capable of
binding to one or more molecules that can increase the half-life of the polypeptide in vivo.
[00400] Such polypeptides of the invention are stabilized in vivo and their half-life
increased by binding to molecules that resist degradation and/for clearance or
sequestration. Typically, such molecules are naturally occurring proteins which themselves
have a long haif-life in vivo.

[00401]  Another non-fimiting example of a multispecific polypeptide of the invention
comprises at least one NB agent of the invention and at least one NB agent that directs the
polypeptide of the invention towards, and/or that allows the polypeptide of the invention to
penetrate or to enter into specific organs, tissues, cells, or parts or compartments of cells,
and/or that allows the NB agent to penetrate or ¢cross a biological barrier such as a cell
membrane, a cell layer such as a layer of epithelial cells, a tumor including solid tumors, or
the blood-brain-barrier. Examples of such NB agents include NB agents that are directed
towards specific cell-surface proteins, markers or epitopes of the desired organ, tissue or
cell {for example cell-surface markers associated with tumor cells), and the single-domain
brain targeting antibody fragments described in WO 02/057445 and WO 06/040153, of
which FC44 (SEQ ID NO: 189 of WO 06/040153) and FC5 (SEQ ID NO: 190 of WO
06/040154) are preferred examples.
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Linkers

[00402] Inthe polypeptides or compounds of the invention, the one or more binding
polypeptides against DRS5, such as NB agents and the one or more polypeptides may be
directly linked to each other (as, e.g., described in WO 98/23221) and/or may be linked to
each other via one or more suitable spacers or linkers, or any combination thereof.
[00403] Suitable spacers or linkers for use in multivalent and multispecific polypeptides
will be clear to the skilled person, and may generally be any linker or spacer used in the art
to link amino acid sequences. Preferably, said linker or spacer is suitable for use in
constructing proteins or polypeptides that are intended for pharmaceutical use.

[00404]  Some particularly preferred spacers include the spacers and linkers that are
used in the art to link antibody fragments or antibody domains. These include the linkers
mentioned in the general background art cited above, as well as, e.g., linkers that are used
in the art to construct diabodies or ScFv fragments {in this respect, however, its should be
noted that, whereas in diabodies and in ScFv fragments, the linker sequence used should
have a length, a degree of flexibility and other properties that allow the pertinent Vy; and V|
domains to come together to form the complete antigen-binding site, there is no particular
limitation on the length or the flexibility of the linker used in the polypeptide of the
invention, since each NB agent by itself forms a complete antigen-binding site).

[00405] For example, a linker may be a suitable amino acid sequence, and in particular
amino acid sequences of between 1 and 50, e.g., between 5 and 50, preferably between 1
and 35, such as between 1 and 10 amino acid residues. Some preferred examples of
such amino acid sequences include gly-ser linkers, e.g., of the type {(gly.ser,)., such as {for
example (glysser)s or (glyssers)s, as described in WO 89/42077 and the GS30, G515, GS9
and G87 linkers described in the applications by Ablynx mentioned herein (see, e.g., WO
06/040153 and WO 06/122825), as well as hinge-like regions, such as the hinge regions of
naturally occutring heavy ¢hain antibodies or similar sequences {e.g., such as described in
WO 94/04678 ).

[00408] Some other particularly preferred linkers are poly-alanine (such as AAA), as
well as the linkers GS30 (SEQ ID NO: 85 in WO 06/122825) and GSS (SEQ ID NO: 84 in
WO 06/122825).

[00407]  Other suitable linkers generally comprise organic compounds or polymers, in
particular those suitable for use in proteins for pharmaceutical use. Nonlimiting examples
include, e.g., poly(ethylene glycol) moieties, e.g., such as those used 1o link antibody
domains. See, e.g., WO 04/081026.

[00408] It is encompassed within the scope of the invention that the length, the degree
of flexibility and/or other properties of the linker(s) used {although not critical, as it usually
is for linkers used in ScFv fragments) may have some influence on the properties of the
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final polypeptide of the invention, including but not limited to the affinity, specificity or
avidity for DR5, or for one or more of the other antigens. Based on the disclosure herein,
the skilled person will be able to determine the optimal linker(s) for use in a specific
polypeptide of the invention, optionally after some limited routine experiments.

[00408] [n one embodiment, in multivalent polypeptides of the invention that comprise,
e.g., NB agents directed against a multimeric antigen {such as a multimeric receptor or
other protein), the length and flexibility of the linker may be such that it allows each NB
agent of the invention present in the polypeptide to bind to the antigenic determinant on
gach of the subunits of the multimer. Similarly, in a multispecific polypeptide of the
invention that comprises NB agents directed against two or more different antigenic
determinants on the same antigen (for example against different epitopes of an antigen
andfor against different subunits of a multimeric receptor, channel or protein), the length
and flexibility of the linker may be such that it allows each NB agent to bind to its intended
antigenic determinant. Again, based on the disclosure herein, the skilled person will be
able to determine the optimal linker(s) for use in a specific polypeptide of the invention,
optionally after some limited routine experiments.

[00410] . It is within the scope of the invention that the linker(s) used confer one or more
other favorable properties or functionality to the polypeptides of the invention, and/for
provide one or more sites for the formation of derivatives and/or for the attachment of
functional groups (e.g. as described herein for the derivatives of the NB agents of the
invention). For example, linkers containing one or more charged amino acid residues can
provide improved hydrophilic properties, whereas linkers that form or contain small
epitopes or tags can be used for the purposes of detection, identification andfor
purification. Again, based on the disclosure herein, the skilled person will be able to
determine the optimal linkers for use in a specific polypeptide of the invention, optionally
after some limited routine experiments.

[00411}  Finally, when two or more linkers are used in the polypeptides of the invention,
these linkers may he the same or different. Again, based on the disclosure herein, the
skilled person will be able to determine the optimal linkers for use in a specific polypeptide
of the invention, optionally after some limited routine experiments.

[00412]  Usually, for easy of expression and production, a polypeptide of the invention
will be a linear polypeptide. However, the invention in its broadest sense is not limited
thereto. For example, when a polypeptide of the invention comprises three or more NB
agents, it is possible to link them by use of a linker with three or more “arms”, with each
“arm” being linked to a NB agent, so as to provide a "star-shaped” construct. it is also
possible, although usually less preferred, to use circular constructs.
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[00413] The invention further comprises derivatives of the polypeptides of the
invention, which may be essentially analogous to the derivatives of the NB agents of the
invention, i.e., as described herein.

[00414] The invention also comprises proteins or polypeptides that “essentially consist”
of a polypeptide of the invention (in which the wording “essentially consist of* has
essentially the same meaning as indicated hereinabove).

[00415] According to one aspect of the invention, the polypeptide of the invention is in
essentiaily isolated form, as defined herein.

Method of manufacturing the NB agents of the invention

[00416] The amino acid sequences, NB agents, polypeptides, compounds and nucleic
acids of the invention can be prepared in a manner known per se, as will be clear to the
skilied person from the further description herein. For example, the NB agents and
polypeptides of the invention can be prepared in any manner known per se for the
preparation of antibodies and in particular for the preparation of antibody fragments
{including but not limited to (single) domain antibodies and ScFv fragmenis). Some
preferred, but non-limiting methods for preparing the amino acid sequences, NB agents,
polypeptides and nucieic acids include the methods and techniques described herein,
[00417]  As will be clear to the skilled person, one particularly useful method for
preparing an amino acid sequence, NB agent and/or a polypeptide of the invention
generaily comprises the steps of.

a) the expression, in a suitable host celi or host organism (also referred to herein as a
“host of the invention”) or in another sﬁitab!e expression system of a nucleic acid
that encodes said amino acid sequence, NB agent or polypeptide of the invention
(also referred fo herein as a “nucleic acid of the invention™), optionally followed by:

b) isolating and/or purifying the amino acid sequence, NB agent or polypeptide of the
invention thus obtained.

[00418] in particular, such a method may comprise the steps of:

a) cultivating and/or maintaining a host of the invention under conditions that are such
that said host of the invention expresses and/or produces at least one amino acid
seguence, NB agent and/or polypeptide of the invention;

optionally followed by:

b) isolating and/or purifying the amino acid sequence, NB agent or polypeptide of the
invention thus obtained.

[00419] A nucleic acid of the invention can be in the form of single or double siranded
DNA or RNA. In one embodiment, a2 polynucleotide NB agent is in the form of double
stranded DNA. For example, the nucleotide NB sequences of the invention may be
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genomic DNA, cDNA or synthetic DNA (such as DNA with a codon usage that has been
specifically adapted for expression in the intended host cell or host organism).

[00420] According to one aspect of the invention, the nucleic acid of the invention is in
essentially isolated form, as defined herein.

[00421]  The nucleic acid of the invention may be in the form of, be present in and/or be
part of a vector, such as, e.g., a plasmid, cosmid or YAC, which again may be in
essentially isolated form.

[00422] The nucleic acids of the invention can be prepared or obtained in a manner
known per se, based on the information on the amino acid sequences for the polypeptides
of the invention given herein, andfor can be isolated from a suitable natural source. To
provide analogs, nucleotide sequences encoding naturally occurring Vi domains can,
e.g., be subjected to site-directed mutagenesis, so at to provide a nucleic acid of the
invention encoding said analog. As will be clear to the skilled person, to prepare a nucleic
acid of the invention, including several nucleotide sequences, &.q., at least one nucleotide
sequence encoding a NB agent and, e.g., nucleic acids encoding one or more linkers,
such sequences can be linked together in a suitable manner.

[00423] Techniques for generating the nucleic acids of the invention will be clear to the
skilled person and may for instance include, but are not limited to, automated DNA
synthesis; site-directed mutagenesis; combining two or more naturally occurring and/or
synthetic sequences (or two or more parts thereof), introduction of mutations that lead to
the expression of a truncated expression product; introduction of one or more restriction
sites (e.g. to create cassettes and/or regions that may easily be digested and/or ligated
using suitable restriction enzymes), and/or the introduction of mutations by means of a
PCR reaction using one or more “mismatched” primers, using, e.g., a sequence of a
naturally occurring form of DR5 as a template. These and other techniques will be clear to
the skilled person, and reference is again made to the standard handbooks, such as
Sambrook et al. and Ausubel et al., mentioned herein, as well as the Examples below.
[00424] The nucleic acid of the invention may be in the form of, be present in and/or be
part of a genetic construct, as will be clear to the person skilled in the art and, e.g., as
described on pages 131-134 of WO 08/020079. Such genetic constructs generally
comprise at least one nucleic acid of the invention that is optionally linked to one or more
elements of genetic constructs known per se, such as, e.g., one or more suitable
regulatory elements (such as a suitable promoter(s), enhancer(s), terminator(s), etc.) and
the further elements of genetic constructs referred to herein. Such genetic constructs
comprising at least one nucleic acid of the invention will also be referred to herein as
“genetic constructs of the invention”.
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[00425]  The genetic constructs of the invention may be DNA or RNA. The genetic
constructs of the invention may be in a form suitable for transformation of the intended
hast cell or host organism, in a form suitable for integration into the genomic DNA of the
intended host cell or in a form suitable for independent replication, maintenance and/or
inheritance in the intended host organism. For instance, the genetic constructs of the
invention may be in the form of a vector, such as, e.g., a plasmid, cosmid, YAC, a viral
vector or transposon. In particular, the vector may be an expression vector, i.e., a vector
that can provide for expression in vitro andfor in vive (e.g. in a suitable host cell, host
organism andfor expression system).

[00426] The nucleic acid of the invention may be in the form of, be present in and/or be
part of a genetic construct. Such genetic constructs generally comprise at ieast one nucleic
acid of the invention that is optionally linked to one or more elements of genetic constructs
known per se, such as, €.g., one or more suitable regulatory elements (such as a suitable
promoter(s), enhancer(s), terminator(s), etc.} and the further elements of genetic
constructs referred to herein. Other suitable genetic constructs known in the art are
contemplated as being within the scope of the invention, including e.g., those described on
pagés 131-134 of WO 08/020079. Such genetic constructs comprising at least one nucleic
acid of the invention will also be referred to herein as "genetic constructs of the invention".
[00427] In one non-limiting embodiment, a genetic construct of the invention comprises
a) at least one nucleic acid of the invention; wherein said polynucleotide NB agent is
operably connected to b) one or more regulatory elements, such as a promoter and
optionally a suitable terminator; and optionally ¢} one or more further elements of genetic
consfructs known per se.

[60428] In one embodiment, in the genetic constructs of the invention, said at least one
nucleic acid of the invention and said regulatory elements, and optionally said one or more
further elements, are "operably linked" to each other, by which is generally meant that they
are in a functional relationship with each other. For instance, a promoter is considered
“operably linked" to a coding sequence if said promoter is able to initiate or otherwise
control/regulate the transcription and/or the expression of a coding sequence (in which
said coding sequence should be understood as being "under the control of sald promotor).
Generally, when two nucleotide sequences are operably linked, they will be in the same
orientation and usually also in the same reading frame. They will usually be essentially
contiguous, although this may not be required. The phrases “operably connected” and
“operably linked” are used in the alternative.

[00429] The terms "regulatory element”, "promoter”, “terminator" and "operably
connected" have their usual meaning in the art. The "further elements” present in the
genetic constructs may be, e.g., a 3'- or 5-UTR sequences, leader sequences, selection
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markers, expression markers/reporter genes, and/or elements that may facilitate or
increase (the efficiency of) transformation or integration. These and other suitable
elements for such genetic constructs will be clear to the skilled person, and may for
instance depend upon the type of construct used, the intended host cell or host organism;
the manner in which the nucleotide sequences of the invention of interest are to be
expressed (e.g. via constitutive, transient or inducible expression): andfor the
transformation technique to be used. For example, regulatory sequences, promoters and
terminators known per se for the expression and production of antibodies and antibody
fragments (including but not limited to (single) domain antibodies and ScFv fragments)
may be used in an essentially analogous manner.

[004301 In one embodiment, the regulatory and further elements of the genetic
constructs of the invention are such that they are capable of providing their intended
biclogical function in the intended host cell or host organism.

[00431] Forinstance, a promoter, enhancer or terminator should be “operable” in the
intended host cell or host organism, by which is meant that (for example) said promoter
should be capable of initiating or otherwise controlling/regulating the transeription and/or
the expression of a nucleotide sequence - e.g. a coding sequernce - to which it is operably
linked (as defined herein). Some particularly preferred promoters include, but are not
limited to, promoters known per se for the expression in the host cells mentioned herein;
and in particular promoters for the expression in the bacterial cells.

[00432] The nucleic acids of the invention and/or the genetic constructs of the invention
may be used to transform a host cell or host organism, i.e., for expression and/or
production of the amino acid sequence, NB agent or polypeptide of the invention. Suitable
hosts or host cells will be clear to the skilled person, and may, e.g., be any suitable fungai,
prokaryotic or eukaryotic celi or cell line or any suitable fungal, prokaryotic or eukaryotic
organism, e.g., those described on pages 134 and 135 of WO 08/020079; as well as all
other hosts or host cells known per se for the expression and production of antibodies and
antibody fragments (including but net fimited to (single) domain antibodies and ScFv
fragmenis), which will be clear to the skilled person. Reference is also made to the general
background art cited hereinabove, as well as to, e.g., WO 94/29457: WO 96/34103; WO
99/42077; Frenken et al., (1998), supra; Riechmann and Muyldermans, (1999), supra; van
der Linden, (2000), supra; Thomassen et al., (2002), supra; Joosten et al,, (2003), supra;
Joosten et al., (2005), supra; and the further references cited herein.

[00433] The NB amino acid sequences and polypeptides of the invention can be
introduced and expressed in one or more cells, tissues or organs of a multicellular
organism, e.g., for prophylactic and/or therapeutic purposes (e.g., as a gene therapy), as
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further described on pages 135 and 136 of in WO 08/020079 and in the further references
cited in WO 08/020079.

[00434] Forexpression of the NB agents in a cell, they may be expressed as so-called
*intrabodies”, as, e.g., described in WO 94/02610, WO 95/22618 and US-A-7004940; WO
03/014960; in Cattaneo, A, & Biocca, 8. (1997) intracellular Antibodies: Development and
Applications. Landes and Springer-Veriag; and in Kontermann, Methods 34, (2004), 163-
170.

[00435] The amino NB acid sequences and polypeptides of the invention can, e.g., also
be produced in the milk of transgenic mammals, e.g., in the milk of rabbits, cows, goats or
sheep (see, e.g., US6,741 957, US6,304,489 and US6,849,992 for general techniques for
introducing transgenes into mammals), in plants or parts of plants including but not limited
to their leaves, flowers, fruits, seed, roots or tubers (for example in tobacco, maize,
soybean or alfalfa) or in, e.g., pupae of the silkworm Bombix mori.

[00436] Furthermore, the NB amino acid sequences and polypeptides of the invention
can be expressed and/for produced in cell-free expression systems, and suitable examples
of such systems will be clear to the skilled person. Some non-limiting examples include
expression in the wheat germ system, in rabbit reticulocyte lysates; or in the E. coli Zubay
system.

[00437] As mentioned herein, one of the advantages of the use of NB agents
expressed from plasmids or vectors is that the polypeptides based thereon can be
prepared through expression in a suitable bacterial system, and suitable bacterial
expression systems, vectors, host cells, regulatory elements, etc., will be clear to the
skilled person, e.g., from the references cited above. [t should however be noted that the
invention in its broadest sense is not limited to expression in bacterial systems.

[00438] In one embodiment, codon usage for a polynuclectide sequence of the
invention is optimization by referring to the frequency of codon usage of the particular host
cell/host organism. The resulting nucleotide sequence is a “codon optimized” NB
nucleotide sequence, Codon optimized NB sequences may be made for expression in
prokaryotic or eukaryotic host cells/host organisms. Particular examples include the
expression systems provided herein.

[00439] In one embodiment of the invention an expression system (either in vivo or in
vitro), e.g., such as a bacterial expression system, is used that provides the polypeptides
of the invention in a form that is suitable for pharmaceutical use, and such expression
systems will again be clear to the skilled person. As also will be clear to the skilled person,
polypeptides of the invention suitable for pharmaceutical use can be prepared using
techniques for peptide synthesis.
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[00440] For preduction on industrial scale, preferred heterologous hests for the
(industrial) production of NB agents or NB agent-containing protein therapeutics include
strains of £. coli, Pichia pastoris, S. cerevisiae that are suitable for large scale expression/
production/ fermentation, and in particular for large scale pharmaceutical (i.e., GMP grade)
expression/ preduction/ fermentation. Suitable examples of such strains will be clear to the
skilled person. Such strains and production/expression systems are also made zavailable
by companies such as Biovitrum {(Uppsala, Sweden).

[00441]  Alternatively, mammalian cell lines, in particular Chinese hamster ovary {CHO)
cells, can be used for large scale expression/production/fermentation, and in particular for
large scale pharmaceutical expression/production/fermentation. Again, such
expression/production systems are alse made available by some of the companies
mentioned herein.

[00442]  The choice of the specific expression system would depend in part on the
requirement for certain post-translational modifications, more specifically glycosylation.
The production of a NB agent-containing recombinant protein for which glycosylation is
desired or required would necessitate the use of mammalian expression hosts that have
the ability to glycosylate the expressed protein. in this respect, it will be clear to the skilled
person that the glycosylation pattern obtained (i.e., the kind, number and position of
residues attached) will depend on the cell or celi line that is used for the expression.
Preferably, either a human celf or cell line is used (j.e., leading 1o a protein that essentially
has a human glycosylation pattern} or another mammalian cell line is used that can
provide a glycosylation pattern that is essentially and/or functionally the same as human
glycosylation or at least mimics human glycosylation. Generally, prokaryotic hosts such as
E. coli do not have the ability to glycosylate proteins, and the use of lower eukaryotes such
as yeast usually leads to a glycosylation pattern that differs from human glycosyiation.
Nevertheless, it should be understood that all the foregoing host cells and expression
systems can be used in the invention, depending on the desired amino acid sequence, NB
agent or polypeptide to be obtained.

[00443] Thus, according to one non-limiting aspect of the invention, the amino acid
sequence, NB agent or polypeptide of the invention is glycosylated. According to ancther
non-limiting aspecdt of the invention, the amino acid sequence, NB agent or polypeptide of
the invention is non-glycosylated.

[00444]  According to one preferred, but non-limiting aspect of the invention, the amino
acid sequence, NB agent or polypeptide of the invention is produced in a bacterial cell, in
particular a bacterial cell suitable for large scale pharmaceutical production, such as cells

of the strains mentioned herein.
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[0D445]  According to ancther preferred, but non-limiting aspect of the invention, the
amino acid sequence, NB agent or polypeptide of the invention is produced in a yeast cell,
in particular a yeast cell suitable for large scale pharmaceutical production, such as cells of
the species mentioned herein.

[00446] According to yet another preferred, but non-limiting aspect of the invention, the
amino acid sequence, NB agent or polypeptide of the invention is produced in a
mammalian cell, in particular in a human cell or in a cell of a human celi line, and more in
particular in a human cell or in a cell of a human cell line that is suitable for large scale
pharmaceutical production, such as the cell lines mentioned hereinabove.

[00447] When expression in a host cell is used to produce the amino acid sequences,
NB agents and the polypeptides of the invention, the NB amino acid sequences and
polypeptides of the invention can be produced either intraceflullarly (e.g. in the cytosol, in
the periplasma or in inclusion bodies) and then isolated from the host cells and optionally
further purified; or can be produced extracellularly (e.g. in the medium in which the host
cells are cultured) and then isolated from the culture medium and optionally further
purified. Thus, according to one nonimiting aspect of the invention, the amino acid
sequence, NB agent or polypeptide of the invention is an amino acid sequence, NB agent
or poiypeptide that has been produced intracellularly and that has been isolated from the
host cell, and in particular from a bacterial cell or from an inclusion body in a bacterial cell.
According to another non-limiting aspect of the invention, the amino acid sequence, NB
agent or polypeptide of the invention is an amino acid sequence, NB agent or polypeptide
that has been produced extraceliularly, and that has been isolated from the medium in
which the host cell is cultivated.

[00448] A more complete discussion of expression systems is provided, e.g., on pages
138 and 139 of WO 08/020078. Included are a non-limiting list of promoters for use with
these host cells, e.g., including those menticned on pages 139 and 140 of WO 08/020079.
Also included are a non-limiting list of secretory sequences for use with these host cells,
e.g., including those mentioned on page 140 of WO 08/020079.

[00449]  Suitable techniques for transforming a host or host cell of the invention will be
clear to the skilled person and may depend on the intended host cellfhost organism and
the genetic construct used. Reference is again made to the handbooks and patent
applications menfioned herein.

[00450] It will also be clear to the skilled persen that the amino acid sequence, NB
agent or polypeptide of the invention may (first) be generated in an immature form (as
mentioned herein), which may then be subjected to post-transiational modification,

depending on the host cell/host organism used. Also, the amino acid sequence, NB agent
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or polypeptide of the invention may be glycosylated, again depending on the host cell/host
organism used.

[00451] The amino acid sequence, NB agent or polypeptide of the invention may then
be isolated from the host cellfhost organism andf/or from the medium in which said host cell
or host organism is cultivated, using protein isolation and/or purification techniques known
per se, such as (preparative) chromatography and/or electrophoresis technigues,
differential precipitation techniques, affinity techniques (e.q. using a specific, cleavable
amino acid sequence fused with the amino acid sequence, NB agent or polypeptide of the
invention) and/or preparative immunological techniques (i.e., using antibodies against the
amino acid sequence (o be isolated).

Pharmaceutical preparation or compositions

[00452]  Generally, for pharmaceutical use, the polypeptides of the invention may be
formulated as a pharmaceutical preparation or composition comprising at least one
polypeptide of the invention and at least one pharmaceutically acceptable carrier, diluent
or excipient and/or adjuvant, and optionaily one or more further pharmaceutically active
polypeptides and/or compounds. By means of non-limiting examples, such a formulation
may be in a form suitable for oral administration, for parenteral administration (such as by
intravenous, intramuscular or subcutaneous injection or intravenous infusion), for topical
administration, for administration by inhalation, by a skin patch, by an implant, by a
suppository, etc, Such suitable administration forms - which may be solid, semi-solid or
liquid, depending on the manner of administration - as well as methods and camiers for use
in the preparation thereof, will be clear to the skilled person, and are further described
herein. Such a pharmaceutical preparation or composition will generally be referred to
herein as a "pharmaceutical composition”. A pharmaceutical preparation or composition
for use in a non-human organism will generally be referred to herein as a "veterinary
composition”.

[00453] Thus, in a further aspect, the invention relates to a pharmaceutical composition
that contains at least one amino acid of the invention, at least one NB agent of the
invention or at least one polypeptide of the invention and at least one suitable carrier,
diluent or excipient {i.e., suitable for pharmaceutical use), and optionally one or more
further active substances.

[00454] Generally, the NB amino acid sequences and polypeptides of the invention can
be formulated and administered in any suitable manner known per se. Reference is, e.g.,
made to the general background art cited above {and in particular to WO 04/041862, WO
04/041863, WO 04/041865, WO 04/041867 and WO 08/020079) as well as to the standard
handbooks, such as Remington’s Pharmaceutical Sciences, 18™ Ed., Mack Publishing
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Company, USA (1890}, Remington, the Science and Practice of Pharmacy, 21th Edition,
Lippincott Williams and Wilkins {2005); or the Handbook of Therapeutic Antibodies (S.
Dubel, Ed.), Wiley, Weinheim, 2007 (see, e.g., pages 252-255).

{00455] The NB amino acid sequences and polypeptides of the invention may be
formulated and administered in any manner known per se for conventional antibodies and
antibedy fragments (including ScFv's and diabodies) and other pharmaceutically active
proteins. Such formulations and methods for preparing the same will be clear to the skilled
person, and, e.9., include preparations suitable for parenteral administration (for example
intravenous, intraperitoneal, subcutaneous, intramuscular, intraluminal, intra-arterial or
intrathecal administration) or for topical (i.e., transdermal or intradermal) administration.
[00456] Preparations for parenteral administration may, e.g., be sterile solutions,
suspensions, dispersions or emulsions that are suitable for infusion or injection. Suitable
carriers or diluents for such preparations, e.g., include, without limitation, those mentioned
on page 143 of WO 08/020079. In one embodiment, the preparation is an agqueous
solution or suspension.

[00457] The NB amino acid sequences and polypeptides of the invention can be
administered using gene therapy methods of delivery. See, e.g., U.S, Patent No.
5,399,346, which is incorporated by reference for its gene therapy delivery methods. Using
a gene therapy method of delivery, primary cells transfected with the gene encoding an
amino acid sequence, NB agent or polypeptide of the invention can additionally be
transfected with tissue specific promoters to target specific organs, tissue, grafts, tumors,
ar cells and can additionally be transfected with signal and stabilization sequences for
subcellularly localized expression.

[00458] Thus, the NB amino acid sequences and polypeptides of the invention may be
systemically administered, e g., orally, in combination with a pharmaceutically acceptabie
vehicle such as an inert diluent or an assimilable edible carrier. They may be enclosed in
hard or soft shell gelatin capsules, may be compressed into tablets, or may be
incorporated directly with the food of the patient’s diet. For oral therapeutic administration,
the NB amino acid sequences and polypeptides of the invention may be combined with
one or more excipients and used in the form of ingestible tablets, buccal tablets, troches,
capsules, elixirs, suspensions, syrups, wafers, and the like. Such compositions and
preparations should contain at least 0.1% of the amino acid sequence, NB agent or
polypeptide of the invention. Their percentage in the compositions and preparations may,
of course, be varied and may conveniently be between about 2 to about 60% of the weight
of a given unit dosage form. The amount of the amino acid sequence, NB agent or
polypeptide of the invention in such therapeutically useful compositions is such that an
effective dosage level will be obtained.
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[00459] The tablets, troches, pills, capsules, and the like may also contain binders,
excipients, disintegrating agents, lubricants and sweetening or flavoring agents, e.g., those
mentioned on pages 143-144 of WO 08/020079. When the unit dosage form is a capsule,
it may contain, in addition to materials of the above type, a liquid carrier, such as a
vegetable oil or a polyethylene glycol. Various other materials may be present as coatings
or to otherwise modify the physical form of the solid unit dosage form. For instance,
tablets, pills, or capsules may be coated with gelatin, wax, shellac or sugar and the like. A
syrup or elixir may contain the NB amino acid sequences and polypeptides of the
invention, sucrose or fructose as a sweetening agent, methyl and propylparabens as
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any material
used in preparing any unit dosage form should be pharmaceutically acceptable and
substantially non-toxic in the amounts employed. In addition, the NB amino acid
sequences and polypeptides of the invention may be incorporated into sustained-release
preparations and devices.

{00460] Preparations and formuiations for oral administration may also be provided
with an enteric coating that will allow the constructs of the invention to resist the gastric
environment and pass into the intestines. More generally, preparations and formulations
for oral administration may be suitably formulated for delivery into any desired part of the
gastrointestinal tract. In addition, suitable suppositories may be used for delivery into the
gastrointestinal tract.

[00461] The NB amino acid sequences and polypeptides of the invention may also be
administered intravenously or intraperitoneally by infusion or injection. Particular examples
are as further describetd on pages 144 and 145 of WO 08/020079.

[00462] For topical administration, the NB aminoc acid sequences and polypeptides of
the invention may be applied in pure form, i.e., when they are liguids. However, it will
generally be desirable to administer them to the skin as compositions or formulations, in
combination with a dermatologically acceptable carrier, which may be a solid or a liquid.
Particular examples are as further described on page 145 of WO 08/020079.

[00463] Generally, the concentration of the NB amino acid sequences and polypeptides
of the invention in a liquid composition, such as a iotion, will be from about 0.1-25 wi-%,
preferably from about 0.5-10 wt-%. The concentration in a semi-solid or solid composition
such as a gel or a powder will be about 0.1-5 wt-%, preferably about 0.5-2.5 wi-%.

[00464] The amount of the NB amino acid sequences and polypeptides of the invention
required for use in treatment will vary not only with the particular amino acid sequence, NB
agent ar polypeptide selected but also with the route of administration, the nature of the
condition being treated and the age and condition of the patient and will be ultimately at
the discretion of the attendant physician or clinician. Also the dosage of the NB amino acid
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sequences and polypeptides of the invention varies depending on the target cell, tumor,
tissue, graft, or organ.

[00465} The desired dose may conveniently be presented in a single dose or as divided
doses administered at appropriate intervals, e.g., as two, three, four or more sub-doses
per day. The sub-dose itself may be further divided, e.g., into a number of discrete loosely
spaced administrations; such as multiple inhalations from an insufflator or by application of
a plurality of drops into the eve.

[00466] An administration regimen could include long-term, daily treatment. By “long-
term” is meant at least two weeks and preferably, several weeks, months, or years of
duration. Necessary modifications in this dosage range may be determined by one of
ordinary skill in the art using only routine experimentation given the teachings herein. See
Remington’s Pharmaceutical Sciences (Martin, E.\W., ed. 4), Mack Publishing Co., Easton,
PA. The dosage can also be adjusted by the individual physician in the event of any
complication.

[004567] In ancther aspect, the invention relates to a method for the prevention and/or
treatment of at least one diseases and disorders associated with DR5, said method
comprising administering, to a subject in need therecf, a pharmaceutically active amount of
an amino acid sequence of the invention, of a NB agent of the invention, of a polypeptide
of the invention, and/or of a pharmaceutical composition comprising the same.,

[00468] Inthe context of the present invention, the term “prevention and/or treatment”
not only comprises preventing and/or treating the disease, but alsc generally comprises
preventing the onset of the disease, slowing or reversing the progress of disease,
preventing or slowing the onset of one or more symptoms associated with the disease,
reducing and/er alleviating one or more symptoms associated with the disease, reducing
the severity and/or the duration of the disease and/or of any symptoms associated
therewith andfor preventing a further increase in the severity of the disease and/or of any
symptoms associated therewith, preventing, reducing or reversing any physiological
damage caused by the disease, and generally any pharmacological action that is
beneficial to the patient being treated.

[00469] The subject to be treated may be any warm-blooded animal, but is in particular
a mammal, and more in particular a human being. As will be clear to the skilled person, the
subject to be treated will in particular be a person suffering from, or at risk of, the diseases
and disorders mentioned herein.

[00470] The invention relates to a method for the prevention and/for treatment of at
least one disease or disorder that is associated with DRS5, with its biological or
pharmacological activity, and/or with the biclogical pathways or signaling in which DRS is
involved, said method comprising administering, to a subject in need thereof, a
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pharmaceutically active amount of an amino acid sequence of the invention, of a NB agent
of the invention, of a polypeptide of the invention, and/or of a pharmaceutical composition
comprising the same. In one embodiment, the invention relates to a method for the
prevention and/or treatment of at least one disease or disorder that can be treated by
modulating DR, its biological or pharmacological activity, andfor the biological pathways
or signaling in which DR5 are involved, said method comprising administering, to a subject
in need thereof, a pharmaceutically active amount of an amino acid sequence of the
invention, of a NB agent of the invention, of a polypeptide of the invention, andfor of a
pharmaceutical composition comprising the same. in one embodiment, said
pharmaceutically effective amount may be an amount that is sufficient to modulate DR5, its
biological or pharmacological activity, and/or the biological pathways or signaling in which
DRS5 is involved; and/or an amount that provides a level of the amino acid sequence of the
invention, of a NB agent of the invention, of a polypeptide of the invention in the circulation
that is sufficient to modulate DRS, its biological or pharmacological activity, and/or the
biological pathways or signaling in which DR5 is involved.

[00471] In one embodiment the invention relates to a method for the prevention and/or
treatment of at least one disease or disorder that can be prevented and/or treated by
administering a NB amino acid sequence or polypeptide of the invention, or aNB
nucleotide construct of the invention encoding the same, and/or of a pharmaceutical
composition comprising the same, to a patient. In one embodiment, the method comprises
administering a pharmaceutically active amount of a NB amino acid sequence or
polypeptide of the invention, or a NB nucleotide construct of the invention encoding the
same, and/or of a pharmaceutical composition comprising the same to a subject in need
thereof.

[00472] In one embodiment the invention relates to a method for the prevention and/or
treatment of at least one disease or disorder that can be prevented and/or treated by
enhancing celi apoptosis in specific cells or in a specific tissue of a subject to be treated
(and in particular, by enhancing cell apoptosis in cancer cells or in a tumor present in the
subject to be treated), said method comprising administering a pharmaceutically active
amount of a NB amino acid sequence or polypeptide of the invention, or a NB nucleotide
construct of the invention enceding the same, and/or of a pharmaceutical composition
comprising the same, fo a subject in need therecf.

[00473] In one embodiment, the invention relates to a method for the prevention and/or
treatment of at least one disease or disorder chosen from the group consisting of the
diseases and disorders listed herein, said method comprising administering, to a subject in
need thereof, a NB amino acid sequence or polypeptide of the invention, or a NB
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nucleotide construct of the invention enceding the same, and/or of a pharmaceutical
compaosition comprising the same.

[00474] in one embodiment, the invention relates to a method for immunotherapy, and
in particular for passive immunotherapy, which method comprises administering, to a
subject suffering from or at risk of the diseases and disorders mentioned herein, a
pharmaceutically active amount of a NB amino acid sequence or polypeptide of the
invention, or a NB nucleotide construct of the invention encoding the same, and/or of a
pharmaceutical composition comprising the same.

[00475] Inthe above methods, the amino acid sequences, NB agenis and/or
polypeptides of the invention and/or the compositions comprising the same can be
administered in any suitabie manner, depending on the specific pharmagceutical
formulation or composition to be used. Thus, the amino acid sequences, NB agents and/or
polypeptides of the invention and/or the compositions comprising the same c¢an, e.g., be
administered orally, intraperitoneally {(e.g. infravenously, subcutaneously, intramuscularly,
or via any other route of administration that circumvents the gastrointestinal tract),
intranasally, transdermally, topically, by means of a suppository, by inhalation, again
depending on the specific pharmaceutical formulation or composition to be used. The
clinician will be able to select a suitabls route of administration and a suitable
pharmaceutical formulation or composition to be used in such administration, depending
on the disease or disorder to be prevented or treated and cther factors well known to the
clinician.

[00476] The amino acid sequences, NB agents and/or polypeptides of the invention
and/or the compositions comprising the same are administered according to a regime of
treatment that is suitable for preventing and/or treating the disease or disorder to be
prevented or treated. The clinician will generally be able to determine a suitable treatment
regimen, depending on factors such as the disease or disorder to be prevented or treated,
the severity of the disease to be treated and/or the severity of the symptoms thereof, the
specific amino acid sequence, NB agent or polypeptide of the invention to be used, the
specific route of administration and pharmaceutical formulation or composition to be used,
the age, gender, weight, diet, general condition of the patient, and similar factors well
known to the clinician.

[00477) Generally, the treatment regimen will comprise the administration of one or
more amino acid sequences, NB agents and/or polypeptides of the invention, or of one or
more compositions comprising the same, in one or more pharmaceutically effective
amounts or doses. The specific amount(s) or doses to administered can be determined by
the clinician, again based on the factors cited above.
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[00478] Generally, for the prevention andfor treatment of the diseases and disorders
mentioned herein and depending on the specific disease or disorder to be treated, the
potency of the specific amino acid sequence, NB agent and polypeptide of the invention to
be used, the specific route of administration and the specific pharmaceutical formulation or
composition used, the NB amino acid sequences and polypeptides of the invention will
generally be administered in an amount between 1 gram and 0.01 microgram per kg body
weight per day, preferably between 0.1 gram and 0.1 microgram per kg body weight per
day, such as about 1, 10, 100 or 1000 microgram per kg body weight per day, either
continuously (e.g. by infusion), as a single daily dose or as multiple divided doses during
the day. The clinician will generally be able to determine a suitable daily dose, depending
on the factors mentioned herein. it will also be clear that in specific cases, the clinician
may choose to deviate from these amounts, e.g., on the basis of the factors cited above
and his expert judgment. Generally, some guidance on the amounts to be administered
can be obtained from the amounts usually administered for comparable conventional
antibodies or antibody fragments against the same target administered via essentially the
same route, taking into account however differences in affinity/avidity, efficacy,
biodistribution, half-life and similar factors well known to the skilled person.

[00479] In one embodiment, a single contiguous amino acid sequence, NB agent or
polypeptide of the invention will be used, whether the translated sequences contains a
single domain or multiple monovalent or multivalent domains. In one embodiment two or
more amino acid sequences, NB agents and/or polypeptides of the invention are provided
in combination.

[00480] The NB agents, amino acid sequences and poiypeptides of the invention may
be used in combination with one or more further pharmaceutically active compounds or
principles, i.e., as a combined treatment regimen, which may or may not lead to a
synergistic effect. Again, the clinician will be able to select such further compounds or
principles, as well as a suitable combined treatment regimen, based on the factors cited
above and his experti judgment,

[60481] In particular, the NB amino acid sequences and polypeptides of the invention
may be used in combination with other pharmaceutically active compounds or principles
that are or can be used for the prevention andfor treatment of the diseases and disorders
cited herein, as a result of which a synergistic effect may or may not be obtained.
Examples of such compounds and principles, as well as routes, methods and
pharmaceutical formulations or compositions for administering them will be clear to the
clinician, and generally include the cytostatic active principles usually applied for the
treatment of the tumor to be treated.
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[00482] Specific contemplated combinations for use with the NB agents of the invention
include, but are not limited to, e.g., taxol; gemcitobine; cisplatin; clAP inhibitors (such as
inhibitors to clAP1, clAP2 and/or XIAP); MEK inhibitors including but not limited to, e.g.,
U0126, PD0325901; bRaf inhibitors including but not limited to, e.g., RAF285; and mTOR
inhibitors including but not limited to, e.g., RAD0O1. Specific combinations are provided
herein and in the Examples.

[00483] When two or more substances or principles are to be used as part of a
combined treatment regimen, they can be administered via the same route of
administration or via different routes of administration, at essentially the same time or at
different times {e.g. essentially simultaneocusly, consecutively, or according to an
alternating regime). When the substances or principles are to be administered
simultaneously via the same route of administration, they may be administered as different
pharmaceutical formulations or compasitions or part of a combined pharmaceutical
formulation or composition, as will be clear to the skilled person.

[00484] Also, when two or more active substances or principles are to be used as part
of a combined treatment regimen, each of the substances or principles may be
administered in the same amount and according to the same regimen as used when the
compound or principle is used on its own, and such combined use may or may not lead to
a synergistic effect. However, when the combined use of the two or more active
substances or principles leads to a synergistic effect, it may also be possible to reduce the
amount of one, more or all of the substances or principles to be administered, while still
achieving the desired therapeutic action. This may, e.g., be useful for avoiding, limiting or
reducing any unwanted side-effects that are associated with the use of one or more of the
substances or principles when they are used in their usual amounts, while still obtaining
the desired pharmaceutical or therapeutic effect.

[00485] The effectiveness of the treatment regimen used according to the invention
may be determined and/or followed in any manner known per se for the disease or
disorder involved, as will be clear to the clinician. The clinician will also be able, where
appropriate and on a case-by-case basis, to change or modify a particular treatment
regimen, so as o achieve the desired therapeutic effect, to avoid, limit or reduce unwanted
side-effects, andfor to achieve an appropriate balance between achieving the desired
therapeutic effect on the one hand and avoiding, limiting or reducing undesired side effects
on the other hand.

[00486] Generally, the treatment regimen will be followed until the desired therapeutic
effect is achieved and/or for as long as the desired therapeutic effect is to be maintained.
Again, this can be determined by the clinician.
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{00487] In ancther aspect, the invention relates to the use of an amino acid sequence,
NB agent or polypeptide of the invention in the preparation of a pharmaceutical
composition for prevention and/or treatment of at least one diseases and disorders
associated with DR5; andfor for use in one or more of the methods of treatment mentioned
herein.

[00488] The subject to be treated may be any warm-blooded animal, but is in particular
a mammal, and more in particular a human being. In veterinary applications, the subject to
be treated includes any animal raised for commercial purposes or kept as a pet. As will be
clear to the skilled persen, the subject to be treated will in particular be a person suffering
from, or at risk of, the diseases and disorders mentioned herein.

{00488] The invention relates to the use of a NB amino acid sequence or polypeptide of
the inventian, or a NB nucleotide encoding the same, in the preparation of a
pharmaceutical composition for the prevention and/for treatment of at least one disease or
disorder that can be prevented and/or treated by administering a NB amino acid sequence
or polypeptide of the invention, or a NB nucleotide encoding the same, and/or a
pharmaceutical composition of the same to a patient.

[00430] More in particular, the invention relates to the use of a NB amino acid.
sequence or polypeplide of the invention, or a NB nucleotide encoding the same, in the
preparation of a pharmaceutical composition for the prevention and/or treatment of
diseases and disorders associated with DRS, and in particular for the prevention and
treatment of one or more of the diseases and disorders listed herein.

{00491]  Again, in such a pharmaceutical composition, the one or more NB amino acid
sequence or polypeptide of the invention, or NB nucleotide encoding the same, and/or a
pharmaceutical composition of the same, may also be suitably combined with one or more
other active principles, such as those mentioned herein.

[00492]) In one embodiment, although the use of the exemplary NB agents of the
invention is much preferred, it will be clear that on the basis of the description herein, the
skilled person will be able to design and/or generate, in an analogous manner, other amino
acid sequences and in particular (single) domain antibodies against DR5, as well as
polypeptides comprising such (single) domain antibodies, and/or nucleotides that encode
them.

[00493] For example, it will be clear to the skilled persen that it may be possible to
“graft” one or more of the CDR's mentioned herein for the NB agents of the invention onto
such (single) domain antibodies or other protein scaffolds, including but not limited to
human scaffolds or non-immuneglobulin scaffolds. Suitable scaffolds and techniques for
such CDR grafting will be clear to the skilled person and are well known in the art, see,
e.g., those mentioned in WO 08/020079. For example, techniques known per se for
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grafting mouse or rat CDR’s onto human frameworks and scaffolds can be used in an
analogous manner to provide chimeric proteins comprising one or mere of the CDR’s of
the NB agents of the invention and one or more human framework regions or sequences,
[00494] It should also be noted that, when the NB agents of the inventions contain one
or more other CDR sequences than the preferred CDR sequences mentioned herein,
these CDR sequences can be obtained in any manner known per se, e.g., using one or
more of the techniques described in WO 08/020079.

[00495] Further uses of the amino acid sequences, NB agent s, polypeptides, nucleic
acids, genetic constructs and hosts and host cells of the invention will be clear to the
skilled person based on the disclosure herein. For example, and without limitation, the
amino acid sequences of the invention can be linked to a suitable carrier or solid support
s¢ as to provide a medium than can be used in a manner known per se to purify DRS5 from
compositions and preparations comprising the same. Derivatives of the amino acid
seqguences of the invention that comprise a suitable detectable [abel can also be used as
markers to determine (qualitatively or quantitatively} the presence of DR5 in a composition
or preparation or as a marker {o selectively detect the presence of DR5 on the surface of a
cell or tissue (for example, in combination with suitable cell sorting téchniques).

[00496] The invention will now be further described by means of the following non-
limiting experimental part.

1. Examplel

1.1. Human and cyno DR5 cloning and protein preparation

1.1.1. Cloning of human fong form DR5 extracelfufar domain (ECD} and cyno long
and short form DRS ECD

[00497] The human long form DRS ECD (aa55-213) is cloned by RT-PCR. Total RNA
are isolated from Jurkat and Raji cells by Qiagen's RNeasy mini Kit (Cat No. 74104). cDNA
is made by the SuperScript Ii First Strand Synthesis System (Invitrogen, Cat: 11904-018)
then are amplified by High Fidelity Platinum Taq DNA Polymerase (invitrogen, Cat
no.11304-011) using standard protocol: 84°C for 2 min followed by 30 cycles of 95°C/30
seconds, 55°C/30 seconds, 72°C/60 seconds and a final incubation at 72°C for 7 min. The
forward and reverse primers used for PCR are: 5'-CTGATCACCC AACAAGACCT AG-3
(SEQ ID NO: 83) and 5-GCCTGAGAGA GAACAGGGAG A-3' (SEQ ID NO: 84)
respectively. The resulting 476 bp fragment is then ligated into E. coli expression vector
pBAD/Thio-TOPQ (Invifrogen, Cat No. K370-01). Positive clones are identified by PCR
and confirmed by DNA sequencing.
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[00498] The full length cyno DRS5 gene is originally cloned from cynomolgus liver cDNA
(BioChain Institute, Inc. USA} by PR-PCR. The forward (5'-CACCATGGAA
CAACGGGGAC AGAACGCC-3') (SEQ ID NO: 85) and reverse (5-TTAGGACATG
GCAGAGTCTG CATTACCTTC-3") (SEQ ID NO: 86) primers are designed based on the
human DR5 nuclectide sequence, including the start (ATG) and stop (TAA) codons
respectively. High Fidelity Platinum Tagq DNA Polymerase (Invitrogen, Cat no.11304-011)
is used for PCR and the resulting fragments are ligated into the pcDNA3.1 directional
TOPO vector. The positive colonies are identified by DNA sequencing. Similar to human
DRS gene, two splicing alternatives of cyno DRS gene are identified. One has the long
form ECD, and the other has the short form ECD.

[00499] Both eyno long (aa55-213) and short {aa55-174) form of DRS ECD are further
cloned into pBAD/Thio-TOPO vector (Invitrogen, Cat No. K370-01). Positive clones are
identified by PCR and are confirmed by DNA sequencing.

1.1.2. Establishment of CHO cell lines expressing cell surface cyno DRS
[00500] Chinese Hamster Ovary cells (CHO-K1) are transfected at 90-95% confluency
using FUGENES (Roche Applied Sciences) and 1 ug pcDNA3.1-cynoDRS expression
vector. Transfected cells are selected by 500ug/ml Geneticin (G418) and are subcloned by
cell sorting.

1.1.3. Expression and purification of thioredoxin-DREECD-His6 fusion from E. coli
[00501] For expression of DRS ECD, pBAD/Thio-DRSECD is transformed into E. coli
strain TOP10 (Invitrogen, Cat No. C4040-03). A single colony is used to inoculate 100mi
LB containing 100pg/ml ampicillin. This culture is incubated overnight at 37°C with
shaking at 225rpm. Three liters of LBfampicillin are inoculated with 30 mi of the overnight
culture and shaken at 37°C till the ODgy, reaches 0.5. The culture is then induced with
0.02% arabinose for 3 hours at 37°C. The bacterial pellet is resuspended in 21ml lysis
buffer (PBS with 0.3M NaCl, 0.4% Triton X-100 and 10mM imidazole) containing protease
inhibitors (Roche, Cat No. 1836153). Lysate is sonicated two times for 60 seconds
followed by centrifugation at 20,000 x g for 20 min. Scluble Hisx6 tagged DR5 ECD is
purified by nickel chelate affinity chromatography. Soluble Hisx6 tagged DR5 ECD is
created by inserting the sequence encoding the polypeptide tag of SEQ ID NO: 91 or 92 at
the 3' end of the reading frame of the DR5 construct, wherein the tag is expressed at the
C-terminal end of the polypeptide. Clarified lysate is passed over 6ml of Ni-NTA Agarose
(Qiagen, Cat No. 30210) equilibrated with lysis buffer. The column is washed with 20ml of
lysis buffer followed by 15ml of PBS containing 50mM imidazole and 0.1% Triton X-100.
DRS ECD protein is then eluted with 10m! PBS containing 100mM imidazole and 0.1 %
Triton X-100 followed by the same buffer containing 250mM imidazole. Fractions are
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checked on 4-12% NuPAGE Bis-Tris gel (Invitrogen, Cat No. NP0328BOX). Positive
fractions containing the DR5 ECD protein are pooled, concentrated and stored at -20°C.
[00502]  After nickel chelate affinity chromatography, the protein is further purified by
size exclusion chromatography done on Amersham AKTA explorer with software program
Unicorn. The column is HiPrep 26/60 Sephacryl $-200 HR with bed volume of 320ml
(Amersham, Cat No. 17-1185-01). The standard parameters are used according to
manufacture’s recommendations. Briefly, 1xPBS buffer (pH7.2) flew through the column at
0.5mifmin, and 0.5miffraction is collected at 4°C.

[00503] The last step of purification is ion exchange chromatography. The anion-
exchanger Mono Q 5/50 GL column (Amersham, Cat No. 17-5166-01) is used with
gradient elution at flow rate 1mi/min, and 0.5miAraction is collected at 4°C.

1.1.4. Expression and purification of DRSECD-Fc fusion protein from HEK283
cells

[00504] Both human and cyno, long form and short form DRS ECD are cloned into
pRS5a-1gG expression vector containing a CMV promoter and a human IgG1 Fc gene
fragment. Positive clones are identified by PCR and confirmed by BNA sequencing.
HEK293 cells are transient transfected with Lipofectamine 2000 (Gibgo, lot n6.11317078).
The medium containing DR5ECD-Fc¢ fusion protein is collected seven days post
transfection. The concentrated supernatant is adjusted to pH 7.2, clarified by filtration and
loaded onto a § ml Protein A—Sepharose FF cclumn at 0.5 mi/min, After baseline washing
with PBS, pH 7.3, bound material is eluted with 50 mM Citrate/140 mM NaCl, pH 2.7,
neutralized and sterile filtered.

1.2. Immunizations
[00505] Three lamas are immunized with human DR5 antigen. One llama (108) is
immunized with the short (133 residues) recombinant human DRS (Peprotech, Rocky Hill
NJ, catalog # 310-19). Two other llamas are immunized with fuil ectodomain human DR5-
thioredoxin fusion. The llamas receives seven weekly doses, injected intramuscularly of
50-100 microgram of antigen (with Stimune (Cedi Diagnostics, Lelystad NL) as an
adjuvant), followed by an additional 50 microgram dose two weeks later. Immune blood
samples are taken at day 47 and 88 after the start of the immunizations as well as iymph
node tissues at day 88.

1.3. Library constructions
[00506] c¢DNA samples are made from total RNA preparations of the immune blood
and lymph node samples. Nucleotide sequences encoding DRE NB constructs are
amplified from the cDNA samples of the three llamas immunized with human DR5 in a
one-step RT-PCR reaction using primers ABL051 (SEQ ID NO: 73), ABL0O52 (SEQ ID NO:
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74) and ABLOO3 (SEQ ID NO: 75). Primer sequences are shown in Table 5. The 700 bp
amplicons amplified from the ([gG2 and 1gG3 cDNA's in the sample are isolated from ge!
and subsequently used as template in a nested PCR reaction using the ABL050-Mfel
primer (SEQ [D NO: 76) containing Sfl and Mfe! restriction sites and the ABL003 primer.
The PCR products are subsequently digested with Sf and BstEll (naturally occurring in
FR4 of Vi, genes) and ligated into the corresponding restriction sites of phagemid vector
pAX50 to obtain a library after electroporation in Escherichia coli TG-1. pAX50 is an
expression vector derived from pUC119 which contained the LacZ promoter, a coliphage
plii protein coding sequence, a resistance gene for ampicillin or carbenicillin, a multicloning
site and the gen3 leader sequence. In frame with the NB construct coding sequence, the
vector coded for a C-terminal c-myc tag and a (His)6 tag. The phagemid vector ailows for
production of phage particles, expressing the individual DR5 NB constructs as a fusion
protein with the gene3 product.

Table 5: Primer and linker sequences, with SEQ 1D NO

Name Sequences (5" te 3") ip

ABLOS GGCTGAGCTG GGTGGTCCTG G 73

ABLOD52 GGCTGAGTTT GGTGGETCCTE G 74

ABLO003 GGTACGTGCT GTTGAACTGT TCC 75

ABLD50-Mfel CATTTGAGTT GGCCTAGCCG GCCATGGCAG AGGTGCAATT GGTGGAGTCT | 76
GGGGG

M13Fwd TGTAAAACGA CGGCCAGT 77

M13Rev CAGGAAACAG CTATGACC 78

Rev_30GlySer | TCAGTAACCT GGATCCCCCG CCACCGCTGC CTCCACCGCC GCTACCCCCG | 79
CCACCGCTGEC CTCCACCGCC TGAGGAGACG GTGACCTG

For_GlySer35 | AGGTTACTGA GGATCCGGCG GTGGAGGCAG CGGAGATGGS GGCTCTGATE | 80
GCGGGGGTAG CGAGGTGUAG CTGGTGGAGT CTGG

DR5 ECD For CTGATCACCC AACAAGACCT AG 83

DRS ECD Rev | GCCTGAGAGA GAACAGGGAG A 84

DR5 ¢yno For | CACCATGGAA CARCGGGGAC AGAACGCC 85

DRS5 cyno Rev | TTAGGACATE GCAGAGTCTG CATTACCTTC 86

1.4. Selections

[00507]

Different concentrations between 0 and 1 microgram/ml short {182 aminc

acids) human DRS-Fc fusion protein (R&D Systems, Minneapolis MN, catalogue # 631-
T2ICF), full-ectedomain human DR5-F¢ fusion protein ({(human DR5 amino acids 56 to 213
fused with human IgG1 Fc) and biotinylated short {133 residues) recombinant human DR5

(Peprotech, Rocky Hill NJ, catalog # 310-19) are immobilized on plates and streptavidin-

coated plates, respectively. Blocking is done using PBS supplemented with 1% casein.
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Phages prepared from the three above mentioned pAXS0 libraries are added and
incubated for 30 minutes {in PBS supplemented with 0.1% casein and 0.1% tween20).
Unbound phages are washed away {with PBS supplemented with 0.05% tween20}; bound
phages are eluted by addition of trypsin (1mg/ml in PBS) and 30 min incubation at 37°C.
Eluted phages are allowed to infect exponentially growing TG-1 cells that are then plated
on ampicillin containing LB agar plates. Phages prepared from selected outputs are used
as inputs in a second selection round on full-length human DR5-Fc fusion protein (human
DRS5 amino acids 56 to 213 fused with human 1gG1 Fe) and biotinylated short {133
residues) recombinant human DRS (Peprotech, Rocky Hill NJ, catalog # 310-19) as
described above.

[00508] Plasmid DNA of the round 1 and 2 selection outputs is prepared, digested with
Sfil and BstEll, and the DNA fragments encoding anti-DR5 NB constructs are ligated into
pAX51 vector and transformed into TG-1 competent cells. pAX50 is an expression vector
derived from pUC119 which contained the LacZ promoter, a resistance gene for ampicillin
or carbenicillin, a multicloning site and the gen3 leader sequence. In frame with the NB
construct coding sequence, the vector coded for a4 C-terminal ¢c-my¢ tag and a {His)6 tag.
Carbenicillin resistant clones are analyzed for the presence of insert and sequences of
positive clones are verified. TG-1 cells containing the DR5 NB constructs of interest are
grown in TB medium supplemented with carbenicillin and induced by addition of IPTG for
expression. The expression is allowed ta continue for 4 hours at 37°C. After
centrifugation, cell pefiets are frozen overnight, then resuspended for 1 hour at 4°C in PBS
(1/10" of culture volume), again followed by centrifugation. The resulting supematant is
used as periplasmic extract.

1.5. Screening
[00509] Periplasmic extracts (as described above) are analyzed for DR5 binding by
ELISA. 10-fold dilutions of periplasmic extracts are added to plates coated with short {133
residues) recombinant human DR5 {Peprotech, Rocky Hill NJ, catalog # 310-19) or
cynormolgus DR5-Fe fusion protein {cyno DR5 amino acids 56 to 213 fused with human
IgG1 Fc) amino acids 56 to 213, IgG1 NVTS) and incubated for 2 hours (in PBS
supptemented with 0.1% casein and 0.1% tween20). Unbound periplasmic extracts are
washed away (PBS supplemented with 0.05% tween20) and bound NB constructs are
detected using mouse anti-myc (Roche, Basel CH, catalogue # 11667149001) followed by
rabbit anti-mouse-alkaline phosphatase (Sigma, St. Louis MO, catalogue # A-1902).
[00510] In another set of experiments, cell lines expressing human DR5 {Colo208) or
cynomolgus DR5 (CHO-K1 cells transfected with an expression vector carrying the full
length cynoDRS gene downstream of a CMV promoter) are exposed to the periplasmic
extracts (resuspended in PBS supplemented with 10% fetal calf serum). Binding of NB
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constructs to celi-bound DRS is detected using mouse anti-mye¢ (monoclonal antibody,
clone SE10 ATCC (Teddington, UK) number CRL-1729), is produced in mice as ascites
and purified in-house using standard affinity chromatography} followed by anti-mouse igG-
phytoerythrin {Jackson immunoResearch Laboratories, West Grove, PA, catalogue # 115-
115-164). Dead cells are counterstained with TO-PRO-3 (Molecular Probes, Carlsbad CA,
catalogue # T3605). Resuits are shown in Table 6.

Table 6: Binding of monomeric NB constructs to DR5 by ELISA {ABS.:0m)

NB Construct | Human | Cyno
10F1 0.754 0.124
11D1 0.540 0.213
11H6 0.552 0.133
4EB 0.838 0.313
7A12 0.812 0.341

[00511] Binding of NB constructs to DR5 is evaluated by surface plasmon resonance
on a Biacore 3000 instrument. Specificity of binding is analyzed by aliowing dilutions of the
periptasmic extracts to pass over a CMS5 sensor chip coated with 270 RU short (133
residues) recombinant human DR5 (Peprotech, Rocky Hill NJ, catalog # 310-19). The
dissociation phases are analyzed and corresponding off-rates (k) are given in Table 7
and Table 8. Table 7 shows resuits for the binding of monomeric NB constructs to cell-
bound DR5 by FACS (mean count fluorescence). Table 8 shows results for off-rates as
determined by Surface Plasmon Resonance. Sequences are provided in Tables 1-4.

Table 7: Binding of monomeric NB constructs to cell-bound DRS5 by FACS

NB construct Human | Cyno
10F1 125 1626
11D1 919 417
11H6 723 292
4E6 972 | 2868
7A12 1097 24516

Table 8: Off-rates {1/s) as determined by Surface Plasmon Resonance
NB construct Kort {1/s)
10F1 2.34 x10%
11D1 4.44 x10™
11H6 212 x107%
4E6 9.54 x10™%
TA12 1.90 x10™
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2. Example |l

2.1. Trimerization
fo0512] DNA fragments encoding anti-DR5 NB constructs are digested with Mfel and
BstEll and cloned into pAX73, pAX74 and pAX73 vectors in frame with linker sequences.
These are fransformed into TG-1 competent cells and kanamycin resistant clones are
analyzed for the presence of insert and sequence verified. The resulting constructs are
digested with Sfl, BpuAl and Nofl and the NB construct containing fragments are then
cloned through a four-point ligation into Sfi—Nofl digested pAX51 vector. Positive
carbenicillin resistant clones, i.e., those enceding trivalent CMYC-HIS6-tagged NB
construct constructs (each NB construct building block fused to the next by a linker
sequence), are again sequence verified. pAX73, pAX74, pAX75 and pAXS83 are pUC-
derived cloning vectors that contain a resistance gene for kanamycin or neomyecin,
muiticloning sites and in frame with the NB construct coding sequence, these vectors
encede GlySer linker sequences.

2.2. Tetramerization

[o0513] DNA fragments encoding anti-DRS NB constructs are amplified by means of
PCR using M13Rev (SEQ 1D NO: 78) and Rev_30GlySer (SEQ ID NO: 79) or
For_GlySer35 (SEQ ID NO: 80) and M13Fwd (SEQ ID NO: 77) respectively. Both
Rev_30GlySer and For_GlySer35 encode linker sequences {primer sequences in Table 5),
The PCR products are digested with Mfel, BamH| and BstEll and both fragments are
jointly cloned through a three-point ligation in pAX75 and in pAX83, in frame with vector
encoded linker sequences. These are transformed into TG-1 competent cells and
kanamyein resistant clones are analyzed for the presence of bivalent NB construct insert
and sequence verified. Positive bivalent clones are then digested with S, BpuAl and Notl
and the NB construct containing fragments are then cloned into Sfil-Notl digested pAX51
vector. Posifive carbenicillin resistant clones, enceding tetravalent NB construct
constructs, each NB construct building block fused to the next by a linker sequence, are
again sequence verified.

2.3. Pentamerization
[00514] Synthetic genes encoding the fourth GlySer linker sequence and the fifth NB
building block are ordered from GeneArt AG (Regensburg, Germany). These fragments
are then digested with Hgal and Notl and ligated into BstE!l-Not! digested tetravalent NB
constructs.

2.4, Small scale expression
[00815] TG-1 cells containing the multivalent anti-DR5 NB constructs of interest are
grown in baffied shaker flasks containing TB medium plus 100 pg/mi Carbenicillin and
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induced by addition of 1mM IPTG for expression. The expression is allowed to continue for
4 hours at 37°C. After collecting the cells, periplasmic extracts are prepared and the HiS6-
tagged NB constructs are purified by immobilized metal affinity chromatography (HisTrap
FF Crude, GE Healthcare) followed by gel filtration chromatography (Superdex 75
HR16/10, GE Healthcare) in PBS.

3. Examplelll

3.1. Binding on Biacore
[00516] Biacore CM5 sensor chips are coated with short (182 amino acids) human
DR5-Fc fusion protein (R&D Systems, Minneapolis MN, catalogue # 631-T2/CF) or
cynomolgus DRS5-Fc fusion protein (amino acids 56 to 213, 1gG1 NVTS). Different
concentrations (1 to 100nM) of monovalent and multivalent anti-DRS NB constructs are
then floated over the chips for a kinetic analysis of the binding interaction. All multivalent
anti-DR5 NB constructs bind to human and cynomolgus DRS (Table 9).

Table 9: Affinities {M) of anti-DR5 NB constructs as determined by surface plasmon
resonance

Clone Human DR5 Cynomolgus DR5

Mono Tri Tetra Mono Tri Tetra
11D1 1.0x10° [<3.0x10" [ ND 22x107 |<20x10™ | ND
7A12 7.3x 107 [<30x10™ [ ND 7.1x10° [ <30x10™ [ ND
10F1 42x10° [<50x107 |39x10™ [14x107 [<6.0x10™ [2.2x 107
11H6 8.7x10° |<2.0x10™ |[ND 9.2x10°% [<3.0x10™ [ ND
4E6 1.7x107 [<5.0x 10" [ND 16 x10° [ <9.0x10™ | ND

ND: Not determined; BDL: below detection limit

3.2. Binding on FACS

[00517]

In another set of experiments, cell lines expressing human (Colo205) or

cynomolgus (CHO-K1 cells transfected with an expression vector carrying the full length

cynoDR5 gene downstream of a CMV promoter) DRS are exposed to 1nM of multivalent

anti-DR5 NB constructs {resuspended in PBS supplemented with 10% fetal calf serum).

Binding of NB constructs {o cell-bound DR5 is detected using mouse anti-myc (monoclonal
anfibody, clone 8E10 ATCC (Teddington, UK) number CRL-1729, is produced in mice as
ascites and purified in-house using standard affinity chromatography) followed by anti-
mouse lgG-phytoerythrin (Jackson ImmunoResearch Laboratories, West Grove, PA,
catalogue # 115-115-164). Dead cells are counterstained with TO-PRO-3 (Molecular
Probes, Carlsbad CA, catalogue # T3605). All multivalent NB constructs bind specifically
to cell bound human and cynomolgus DR5. Binding of the NB agents to each of the short
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form and the long form of DR5 is roughly equivalent for each, suggesting that all epitopes
are held in common between the two forms

[00518] In another experiment, apparent binding constants are estimated from
saturation binding experiments on FACS (as described above) of 10 to 0.005 nM
tetravalent anti-DR5 NB constructs to cell bound human and cynomolgus DR5. Apparent
binding constants are calculated using GraphPad Prism 5 (GrafPad Software, San Diego,
CA).

3.3. _DR5-specificity
[00519] A group of TNF receptor superfamily members are selected for testing the DR5
specificity (Table 10). The extracellular domain of members of the TNF receptor
superfamily are cloned into pBadThioTopo and transformed into E. coli strain TOP10
{Invitrogen #C4040-03). The protein is expressed according to the protocol of
manufacturer. The cell lysates are collected for ELISA screening. 25 puL of 20 % BSA is
added per 10 mL of lysate. His capture plates {Sigma #5-5688) are coated with 100 uL of
lysate and incubated 1 hour at room temperature. The remaining solution is aspirated and
wells are washed three times with PBS + 0.05 % Tween (PBST). The primary antibodies
are diluted as follows in Blocking Buffer {PBS containing 10 % FBS); LBY135 (positive
control, anti-DR5 antibody, Novartis AG) is diluted fo 0,24 mg/ml. and rabbit anti-VS
(Abcam #Ab9116-100) is diluted 1:5000. 100 pL of diluted primary antibody is added per
well. Assay plates are incubated at room temperature for one hour and then washed three
times with PBST. The secondary antibodies (goat anti-rabbit IgG-HRP) {Jackson
Immunoresearch Laboratories #111-035-046) for wells incubated with V5, and goat anti-
human IgG-HRP (Jackson Immunoresearch Laboratories #109-035-098) for wells
incubated with LBY135) are diluted 1:5000 in PBS containing 5 % FBS and 0.025 %
Tween. 100 pL of secondary antibody is added to appropriate wells. After incubation at
room temperature for 1 hr, the plates are washed three times with PBST. 100 pL of Sure
Blue {(KPL #52-00-03) is added and once the color had developed, the plates are read at
an absorbance of 650 nm.

Table 10: TNF receptor superfamily members

TNFR number | TNFR name | Accession Number ECD
TNFRSF1A TNFR1 NM001065 Leu34-Thr211
TNFRSF1B TNFR2 M32315 Thr27-Leu241

TNFRSF3 TNFR3 L04270 Pro30-Thr224
TNFRSF4 0X40 X75962 Gly33-Gly212
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TNFRSF5 CD4D X60592 Val18-Leu192
TNFRSF6 FAS MB7454 Ser20-Gly175
TNFRSF6B |  DcR3 AF104419 Val27-Ala176
TNFRSF7 cp27 MB3928 Thr21-Ser187
TNFRSF9 | CD137 112964 Glu19-lle188
TNFRSF10C |  DcRf AF012536 Thr27-Leu241
TNFRSF10D |  DcR2 AF029761 Thr57-Thr198
TNFRSF11B |  OPG U94332 Lys17-lle197
TNFRSF13 |  BCMA NM001192 Met1-Thr56
TNFRSF13B |  TACI NM012452 Met2-Val161
TNFRSF13C | BAFFR NM052945 Met1-Gly64
TNFRSF16 |  NGFR M14764 Lys29-lle233

[00520]  All NB constructs specifically bind to DR5, but not to other TRAIL and TNF
receptor family members. See, e.g., Figure 1.

3.4, Biacore epitepe mapping
[00521] Biacore off-rate screening (Table 8) on short (133 residues) recombinant
human DR5 (Peprotech, Rocky Hill NJ, catalog # 310-19) revealed that all anti-DR5 NB
constructs bind to the extracellutar domain of DR5 but not {o the 29 residue alternatively
spliced region (amino acid residues 185 to 231).
[00522] In another experiment, Biacore CM5 sensor chips are coated with monovalent
anti-DR5 NB constructs (230 to 520 RU). Then, 500nM of short (133 residues)
recombinant human DRS (Peprotech, Rocky Hill NJ, catalog # 310-19) is floated over the
chips until saturation is reached. At this point, 50nM human TRAIL (R&D Systems,
Minneapolis MN, catalogue # 375-TEC/CF) is floated over the chips and the increase in
binding signal is used to categorize the NB constructs in different epitope classes
compared to the TRAIL epitope (Table 11).

Table 11: Epitope mapping of anti-DR5 NB constructs compared to TRAIL

NB construct Resuit

11D1 No TRAIL blocking
4E8 Partial TRAIL blocking
10F1 TRAIL blocking

11HB No TRAIL blocking
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TA12 TRAIL blocking

3.5. Invitro cell survival

[00523]) Cells are maintained in logarithmic growth phase prior to the experiments. On
the day of the assay, cells are transferred to 96-well plates {Comning Inc., Lowell, MA,
Cat#3917) at 5,000 - 20,000 cells per well, then series diluted anti-DRS NB constructs are
added at 50 puliwell. After incubation for 24 to 72 hours, the relative number of surviving
cells are quaniified using a luciferase-based ATP quantification Kit (Cell Titer Glo,
Promega, Madison, WI Cat#G7571) and read on a luminescence plate reader (Flucroskan
Ascent FL, Thermo Electron, Waltham, MA).

[00524] A panel of trivalent anti-DR5 NB constructs is screened in a cell survival assay
with Colo205 cells. Al trivalent constructs induced apoptosis on Colo205 (see Table 12) in
contrast {o their monovalent counterparts {data not shown) that are not biologically active

in this assay. A tetravalent construct of an irrelevant (non-DRS5 binding) NB construct did
not induce apopltosis.

Table 12: In vitro potency (ICs, (M)} of trivalent anti-DRS NB constructs on Colo205
NB construct ICso {M)
10F1 tri 4.07 x 10"
11D1 tri 1.11x10™
11HS tri 4.58x 107"
4AEB tri 3.79x 107
TAI2 tri 1.20x 107

[00525] In another experiment (Table 13), selected trivalent anti-DR5 NB constructs
are screened in cell survival assays against a panel of tumor and normal cell lines.

Table 13: In vitro potency (ICg (M)) of trivalent anti-DR5 NB constructs
4E6 tri 11D1 tri 10F1 tri 7A12 tri 11H6 tri
Jurkat 20 20 20 20 20
Molt4 20 20 20 20 20
AB49 20 20 20 20 20
H226 2.0x10™M 30x10" 20x 10" 3ox10°" |20
H2052 6.0x 10 1.5x 10" 1.3x10™ 6.4 x 10" 36x 10
H2122 20x10™ 4.0x 107 30x10%* 8.0x 10~ 1.2 x 101
M30 20 20 20 20 20
Panc-1 20 20 20 20 20
MiaPaCa-2 |2.3x10™ 20 20 20 20
ARPE-19 20 20 20 20 20
IMR-90 20 20 20 20 20
Huvec 20 20 20 20 20
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20: leu 20nM

[00526] In another experiment (Table 14), selected tetravalent anti-DR5 NB constructs
are screened in cell survival assays against a pane! of tumor and normal celt lines.

Table 14: In vitro potency {ICs, (M)} of tetravalent anti-DR5 NB constructs

4Eb tetra 11D1 tetra 10F1 tetra TA12 tetra 11H6 tetra

Colo205 gox1o0™ 81x10% 2.0x10™ 66 x 10" 3.7x 10"
Jurkat 6.0x10" 35x 10" 3.0x 10" 3.7x 10" 9.1x10™
Molt4 <1.0x10"™ [15x 10" 2.0x10" 20 80x 10
A549 33x10™ 20 20 20 20
H2122 8.0x 10" 8.0x 10" 1.0x 10" 3.6x10% 28x 10"
H226 1.0x 107" 8.9x 10 24x 101 20 1.1x 107
H2052 80x 10" 25x 10" 40x 107 3.3x 10" 1.5x 107
M30 20 20 20 20 20
Panc-1 3.0x10™ 20 9.0x10™ 20 22x10™
MiaPaCa-2 | 1.8x 10 1.8 x10™ 2.8x 107 41x10™ 1.1x10"
BxPC-3 1.9x 10" 41x10™ 3.0x 10™ 23x 107 2.7 x107
Malme-3 20 20 20 20 20

WIi-38 20 20 20 20 20
ARPE-18 |20 20 20 20 20
184A1 20 20 20 20 20
Huvec 20 20 20 20 20
HAAE-1 20 20 20 20 20

20: !Cso 20nM

[00527] Graphic representations showing that increasing the hierarchy of multimers

results in increased efficacy and potency is shown in Figures 8A, 68 and 6C, wherein

trimeric, tetrameric and pentameric 11H6 and 4E6 NB constructs have increasing poiency,

respectively, against treated Colo205 and H226 tumor cells in vitro.

[00528)

The multivalent anti-DR5 NB constructs display apoptosis-inducing activity on

tumor cell lines but not on normal (healthy) cell lines. The general trend is that increased

apoptosis-inducing aclivity is seen with an increased number of subunits in a multimeric

NB composition. Increasing from tetrameric to pentameric forms of the NB provides

evidence of further increase in potency in cell death assays, as exemplified by {owering the

IC50 or increasing the maximum cell death achieved depending on the cell line.

3.6. Cross-linking

[00529]
a cMYC tag are cross-linked through their CMYC-tag with 1.5 ug up to 150 micrograms of
mouse anti-myc (monoclonal antibody, clone 9E10 ATCC (Teddington, UK) number CRL-
1728) is produced in mice as ascites and purified in-house using standard affinity

In another experiment, multivalent NB constructs (10 micrograms) that contain
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chromatography) during a 30 minute incubation at room temperature. The cross-linked NB
constructs are then evaluated in in vitro cell survival assays. Increased cross-linking
correlated with improved potency and efficacy (see Tables 15-16). Table 15 provides in
vitro potency (IC50 (M}) of trivalent anti-DR5 NB constructs cross-linked with different
amounts of antibody on Jurkat cells. Table 16 provides in vitro efficacy (% dead celis) of
tetravalent anti-DR5 NB constructs cross-linked with different amounts of antibedy on
Jurkat cells. The general trend is that more cells are kilied with increased amounts of
cross-linking of the tagged NB multimers.

Table 15: In vitro potency (1Cg, (M)) of cross-linked trivalent anti-DRS NB constructs
Jurkat cells Weight ratio (pg/pg) 1Cs0 (M)
11D fri 0 No apoptosis ohserved
11D1 tri 0.15 1.1x10%
11D1 tri 15.0 7.3x10"

Ratio: Weight ratio of cross-linking antibody / tetravalent anti-DRS NB constructs

Table 16: In vitro efficacy {% dead cells) of cross-linked tetravalent anti-DR5 NB

constructs
Jurkat celis Weight ratio (ug/ng) Efficacy (% dead cells)
11D1 tetra 0 48
1101 tetra 0.15 48
11D1 tetra 0.75 60
11D1 tetra 15 63
1101 tetra 7.5 88
11D1 tetra 16.0 93

Ratio: Weight ratio of cross-linking antibody / tetravalent anti-DR5 NB constructs

3.7. Serum stability

3.7.1. NB consiructs and DRS binding in ELISA
[00530] NB consfructs are pre-incubated with 100% fresh human serum at 37°C for 24
hours. Flat bottom 96-well ELISA plates {Costar, Cambridge, MA, Catalog No.3590) are
coated overnight at 4°C with 50pl DR5-Fc fusion protein (DR5 amino acids 56 to 213) at
1ug/ml in PBS. The plates are then blocked with 300 p! 2% BSA (Gibeo, Grand island, NY,
Cat#11018-025) in PBS for one hour and washed three times. NB construct samples are
serially diluted in the PBS buffer containing 10% human serum, then added in ELISA
plates and incubated for one hour at room temperature. After wash, 1:5000 HRP
conjugated anti-myc polyclonal antibody (Invitrogen: 460709) or 1:7000 rabbit anti-Vuy
antibody followed by 1:15000 HRP conjugated anti-rabbit igG (Jackson ImmunoResearch
Laboratories, Inc. West Grove, PA, Cat#115-035-072) is added in plates. After a final set
of washes, 100ul/well of TMB Microwell peroxidase substrate (BioFX, Owings Mills, MD,
Catalog No. TBNP-1000-01) is added and incubated at room temperature for 10 minutes.
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The reaction is stopped with 100ul Stop Reagent (BioFX, Owings Mills, MD, Cat#LSTP-
0100-01}. Colorimetric detection of the product is done at 450nm in SpectraMax M5
microplate reader (Molecular Devices, Sunnyvale, CA). Data is analyzed with SoftMax Pro
software (Molecular Devices, Sunnyvale, CA} according to its user's manuai.

[00531] Human serum shows little interference with NB construct trimers or tetramers
binding to DRS5, detected by either anti-Myc or anti- NB construct-antibody.

3.7.2. NB construct function in cell survival assay
[00532) Cell survival assays are also performed in presence and absence of about 10 -
15% human serum albumin. Tetravalent anti-DRS NB constructs maintain their in vitro
potency compared to control assays in the presence of 10% fetal calf serum.

4, Example IV
4.1. Single dose in vivo trivalent anti-DR5 NB constructs

[00533]  Outbred athymic (nu/nu) female mice (Harlan Sprague Dawley, indianapolis,
IN) are anesthelized and implanted s.c. into the right axillary (lateral) region of each animal
with 1 x 10° Colo205 cells. Tumors are allowed to grow untii the size of 200 mm? before
the dosing is initiated. NB construet is formulated as a solution in PBS and administered
single dose at 200ug/mouse by a bolus i.v. injection. Tumor samples are collected from
groups of animals (one group per time point, 3 animals per group) at 1h, 2h, 4h and 8h.
[00534]  Part of the tissue samples are used for immunochistochemical (IHC) staining of
Caspase3d. The tissues are immediately put intc 10% neutral buffered formalin {NBF,
Fisher Scientific, Pittsburgh, PA, Catalog No.SF100-20), processed and embedded into
paraffin blocks. Sections of 4.0pm are cut on to SuperFrost Plus charged slides (Fisher
Scientific, Catalog No.12-550-15). The sections are deparaffinized in xylene (5 minutes
X2} and hydrated in a graded series of alcohols (100% alcohol for 5 minutes, 95% alcohol
for 2 minutes, 70% alcehol for 2 minutes, and de-ionized water for 5 minutes). The
hydrated sections underwent antigen retrieval which is conducted by microwaving the
slides in citric acid buffer (0.01M, pH 6.0, BioGenex, San Ramon, CA, Catalog No.HK080-
9K) for 10 minutes. The slides are placed onto the staining racks of the autostainer (Dako
Cytomation) after they are washed with de-ionized water for 5 minutes. The foliowing steps
are done with the Dako automated system at room temperature. Between each steps, the
slides are rinsed with the rinse buffer (OptiMax Wash Buffer, Biogenex, Catalog
No.HK583-5K) three times. Endogenous peroxidase is blocked by incubation of the slides
with hydrogen peroxide (Dako, Catalog No.52001) for 10 minutes. The nonspecific antigen
reaction is blocked by the Block Serum (Dako, Catalog No.X0809) for 10 minutes. The
slides are incubated with the cleaved Caspase3 rabbit polyclonal antibody (Celi Signaling
Technolegy, Beverly, MA, Catalog No.9661) for 60 minutes, then rinsed and exposed to
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the peroxidase conjugated antibody (DAKO Envision system, Catalog No.K4003) for 30
minutes. For detection, DAB (3, 3'-diaminobenzidine} solution (Dako Cytomation, Catalog
No.K3468} is applied for 2 minutes. Immunostained slides are lightly counterstained with
Harris Hematoxylin (SurgiPath, Catalog No.01560), dehydrated through a series of
increasing alcohol concentrations (70%, 95 % and 100% alcohol, each for 1 minute) and
xylene (5 minutes X2}, and mounted with a coversliper (Leica).

[005635] The slides are scanned into the digitized slide database using the Aperio
system {Aperio Technologies, Inc. Vista, CA) and image analysis is done by using the
optimized Positive Pixel Counting Algorithm from Aperio. The whole sections excluding
necrotic areas and host tissue portion “marked out’ by using the tools provided by the
imaging system are used for image analysis. All multivalent anti-DR5 NB constructs induce
Caspase3 activation.

[00538]  Part of the tissue samples are mixed with T-per buffer (Pierce, Rockford, IL,
Catalog No. 78510) then immediately homogenized in the tissue lyser (Qiagen, Catalog
No. 85210). The supernatant of tissue lysate is collected and its protein concentration is
determined using a standard BCA assay (Pierce, Catalog No. 1856210). The tissue
lysates are used in the following assays to check NB construct and antibody concentration
plus Caspase3 activity in tumor.

[00537] NB construct concentration is determined in ELISA. The ELISA plates (Nunc,
Rochester NY, Catalog No. 439454) are coated overnight at 4 °C with 100ul human DR5-
Fc fusion protein (DR5 amino acids 56 to 213} at 1 pg/ml in PBS, then biocked with
1%BSA (Gibco, Catalog No.11018-025) in PBS for 1 hour at room temperature and then
washed three times. The serially diluted serum or tissue lysate samples are transferred
into ELISA plates along and incubated 1.5 hours at room temperature. Following three
washes, 1/22500 diluted anti-Vyy is added to the ELISA plates, and incubated for one hour
at room temperature. The plates are washed three more titmes and then incubated for one
hour with 100 pl/well of 1/20000 diluted HRP-goat-anti-rabbit (Pierce, Catalog No. 31462).
After a final set of washes, 100 pliwell of TMB Microwel! peroxidase substrate (BioFX,
Owings Mills, MD, Catalog No. TMBW-0100-01) is added for 10 minutes and the reaction is
then stopped with 100 pi stop solution (BioFX, Catalog No. LSTP-1000-01). Colorimetric
detection of the product is done at 450 nm in SpectraMax M5 microplate reader (Molecular
Devices, Sunnyvale, CA). Data is analyzed in 4-parameter mode! with SoftMax Pro
software (Molecular Devices, Sunnyvale, CA) according to its user's manual. All NB
constructs show quick clearance in serum and in fumor tissue, and fast fissue penetration.
[00538] Caspase 3f7 activity in tumor tissue lysate is evaluated by Caspase glo assay
(Promega Catalog no. G8092) according fo its user's manual. Luminescence is read using
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the SpectraMax M5 microplate reader (Molecular Devices, Sunnyvale, CA}. Consistent
with IHC results, all NB constructs activate Caspase 3 within 8 hours.

4.2. Single dose in vivo tetravalent anti-DRS NB constructs

[00539]  Outbred athymic (nu/nu) female mice (Harlan Sprague Dawley, Indianapolis,
IN) are anesthetized and implanted s.c. into the right axillary (lateral) region of each animal
with 1 x 10°® Colo205 cells. Tumors are allowed to grow until the size of 200mm?® before the
dosing is initiated. NB construct is formulated as a solution in PBS and administered single
dose at 200ug/mouse by a bolus i.v. injection, Serum and tumor tissue are collected from
groups of animals {(one group per time point, 3 animals per group) at the following time
points: 0.25h, 0.5h, 1h, 2h, 4h, 8h, 24h, and 48h. The tumor tissue sample is mixed with T-
per buffer {Pierce, Rockford, IL, Catalog No. 78510) then immediately homogenized in the
tissue lyser (Qiagen, Catalog No. 85210). The supematant of tissue lysate is collected and
its protein concentration is determined using a standard BCA assay (Pierce, Catalog No.
1856210).

[00540] NB construct concentration in serum and tissue lysate is determined in ELISA
as described above. Mean serum concentration-time profiles are subjected to a two-
compartmental pharmacokinetic analysis using mede! 7 within WinNonlin Professional
Software Version 5.1 (Pharsight Corporation, Mountain View California, USA). For each
NB construct the concentration-time profile is fit using iterative reweighting 1/v.y, where y
is the predicted concentration. The mean residence time (MRT, Table 17) off the different
NB constiucts ranged from 2.6 to 13.5 hr. The Volume of distribution {Vss) of the different
NB constructs is 2-35 times larger than the plasma volume of a 20 g mouse (= 1.5 ml},
indicating extensive distribution outside the vascular space. The overall clearance rate of
the different NB constructs is at least 5 times less than the murine glomerular filtration rate
(= 15 ml/hr), hence, all tetravalent constructs are highly effective in reducing significantly
the urinary filtration and subsequent excretion at the level of the Kidney.

Table 17: PK-parameters of tetravalent anti-DR5 NB constructs

Parameter 10F1 tetra | 11D1 tetra | 11HB6 tetra | 4E6 tetra | 7A12 tetra
Cio (pg/mi) 114 336 163 25.2 71.7
Vs (ML) 12.5 5.63 2,83 56.8 12.2
Vi (mL) 1.76 0.595 1.22 7.95 2.79
V, (mL) 10.7 5.04 1.61 48.8 9.43
CL (mL/hr) 2.85 2.1 0.211 4.2 1.42
CLy {(mL/hr) 1.29 0.453 0.387 2.89 1.58
i {hr) 0.3 0.161 1.04 0756 0.589
typ (hr) 8.4% 9.41 111 20.3 9.46
MRT (hr) 4.38 2.68 13.4 13.5 8.57
AUC ¢ (ug *hriml) | 70.2 a5 047 47.8 140
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[00541] Caspase 3/7 activity in tumor tissue lysate is evaluated by Caspase glo assay
(Promega Catalog no. 58092) according to its user's manual and described as above. All
tetramers have similar PD profile (Figure 2).

[00542] Anindirect response model is developed to describe the potency (ECso),
efficacy (Ema) and time-course of the pharmacological effect of the different NB constructs.
The medel describes a change in cellular caspase levei that results from an enhanced
production rate following DR5 receptor binding (i.e., stimulation of the build-up of cellular
caspase). The rate of cellular caspase (Response, R) is described by the following
equation.

dR { E, . *C"
14—~

ke ~k oR uation 1
- EC, +C"] i (=9 )

dt

where ki, is the zere-order synthesis rate, R is the caspase level, Enax is the maximum
stimulation, C is the NB construct concentration at the tumor, n is the response shape
factor and k.4 is the caspase first order efimination rate constant.

[00543]
function that is minimally necessary to provide a reasonable characterization of the

The tumor concentration-time proefiles are first fitted to the pharmacokinetic

concentration-time data (two-comparimental model 3 or model 11 within WinNonlin
Software Version 5.1). The pharmacokinetic function obtained for each NB construct is
then used as input function for equation 1. The obtained pharmacodynamic parameters
are listed in Table 18.

Table 18: PK/IPD-parameters single dose tetravalent anti-DR5 NB constructs

Parameter’ 10F 1 tetra | 7A12 fetra | 4E5 tetra | 11D1 tetra | 11H8B tetra
Keut (1/hI) 0.319 0.301 0.412 0.418 0.356
ECs, {ng/mg tissue) | 0.365 1.41 1.38 12.2 8.37

Epax 15.8 15.3 4,74 12.2 175

N 2.14 3.85 101 0,18 462

4.3. In vivo test using xenograft model
[00544] Outbred athymic (nu/nu) female mice (Harlan Sprague Dawley, Indianapolis,
IN) are implanted s.c. into the right axillary (lateral) region with approximately 1-2x10°
COLO205 tumor cells suspended in 100% Hanks’ balanced salt selufion (HBSS) in a total
volume of 100mi. Tumors are allowed to grow to 200 mm? before the dosing is initiated.
NB constructs are formulated as a solution in PBS, and dosed either once per week or
three times per week on Monday, Wednesday and Friday. Both treatments are
administered i.v. for four weeks. Tumors are measured and individual animal body weights
are recorded once or twice per week. Experiments are ¢concluded after seven weeks from
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the initial dosing. Anti-tumor activity is expressed as %T/C (comparing change in tumor
volume for treatment group versus vehicle control group). Regression is calculated using
the formula; (1-T/TO} x 100%, where T is the mean tumor volume for the treatment group
at the end of the experiment, and T0O is the mean tumor volume at the beginning of the
experiment. Statistical significance of the results is uniformly evaluated using one-way
ANOVA test post-hoc Tukey analysis, As shown in Figure 3, the NB constructs induce
tumor stasis or regression in the Colo205 tumor model. Pentameric forms of the NB
constructs trend toward more potent efficacy than tetrameric forms.

5. ExampleV
5.1. Humanization of 4E6

5.1.1. Characterization of 4E6 humanization variant
[00545] The protein sequence of parent 4E6 is aligned to the human VH3-23 (DP-47)
and JH5 germlines (Table 19). Amine acid differences relative to the human germiine
sequence are represented by letters, identical amino acids by dots. Amino acid differences
in framework regions that are underlined are selected for conversion into the human
counterpart whereas the others are left untouched.

Table 19 Alignment of 4E6 parent and humanized N-glycosylation knock out variants

Rabat #: 1 10 20 30 40 50 60
Jmmmeeee R | =mmee oo R |- mmem - |--a-mmre 1
VH3-23/JHS: EVQLLESGCGLVQPGGSLRLSCAASGFTPSSYAMSWVROAPGKGLENVSAISGSGGSTYYA
4E6 t ..Ve....s8..ad..... ... .T..g.divg.f. L. ..er.f.a. .nrnd. ...,
486-hu A r..g.izxvg. f....... r.f....nrnd.t....
Rabat #: 60 70 80 90 100 110
fommmmea - | ~—abg=rewme- | = |abedafghi ~—~~a - {---
VH3-23/JH5: [DSVKGRPTISRDNSKNTLYLOMNSLRAEDTAVYYCAK-—————~weme—mm e WGQGETLVTVSS
4ER e a...v.m..a. . kp..o.o... .. aglgynrsadrvpvgavy. ... . [ PN
4EG-Hu L et s Voo ieean Povscennns aglgynrAadrvpugavy . ..o oo v

VH3-23/JHS5 = SEQ ID NO: 90
4iE6 SFQ TD NG: 1
AE6=-Hu SEQ ID NOQ: 26

[005461 Purified, monovalent material is produced from 4ES, 4E6-Hu and of variant
4E8hx (wherein 4E6hx has the humanized FR regions identical to 4E6-Hu but has the
CDR3 of 4E6). These constructs are then characterized in a number of assays for binding
on human and cynomolgus DR5, namely FACS saturation binding {apparent Kd) and SPR
kinetics (see Table 20). In addition, the variants are analyzed in the thermal shift assay as
well (Table 20). 5ul of each purified monovalent anti-DR5 NB construct (80ug/ml) is
incubated with 5ul of the fluorescent probe Sypro Crange (Invitrogen, Carlshad, CA,
catalogue # $6551) (final concentration 10x)} in 10p of buffer {100mM phosphate, 100mM
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borate, 100mM citrate, 115mM NaCl, buffered at different pH's ranging from 3.5t0 9). The
samples are then heated in a LightCycler 4801l machine (Roche, Basel, Switzerland), from
37°C 10 90°C at 4.4°C/s, after which they are coocled down ta 37°C at 2.2°C/s. Upon heat-
induced unfolding, hydrophobic patches of the proteins are exposed, to which the Sypro
Orange binds resulting in an increase in flucrescence intensity. The inflection point of the
first derivative of the fluorescence intensity curve serves as a measure of the meiting
temperature (Tm). For more details, please see Ericsson et al, 2006 (Annals of
Biochemistry, 357: 289-298). Overall, the 4E6-hx variant displays affinities similar to the
4ES parent. In addition, this variant has a 7% increase in Tm compared to the 4E8 parent.

Table 20A Monovalent 4E6 humanization and N-glycosylation knock-out variants

Human DRS
Biacore FACS Tm @ pH 7(°C)
k. (1IMs) | kq(1/s) | KD (M) {Apparent KD (M)
4E6 [44x10°®[1.0x10%|23x 107 | 42x10° 734
4E6-hx [6.0x 1070 |1.4x 10™]2.3x 107 34x10° 79.1
4E6-HU[1.1x 107 [1.1x107|8.5x 107 44x10™ ND

Table 20B Monovalent 4E6 humanization and N-glycosylation knock-out variants

Cynomelgus DR5
Biacore FACS Tm @ pH 7(°C)
ks (1/Ms) | ky(1/s) | KD (M) |Apparent KD (M)
4E6  [21x10°%{1.1x10%[55x 10%| 7.3x10™ 73.4
4E6-hx [6.1 x 10|21 x 10|34 x 10"  7.1x10™ 79.1
4E6-Hu[70x 10| 1.1 x10%[1.6x 10| 88x10™ ND
5.1.2. N-glycosylation knock-out variant of humanized 4£6
[00547] Expression of 4E6-hx in P. pastoris followed by SDS PAGE and anti-Viy

(polycicnal anti-Nanobody®) western reveals the presence of two products {16kDa and
21kDa) compared tc only one 16kDa product when E. cofi is the expression host.
Treatment with PNGaseF and staining with concanavalin reveals that the 21kDa product is
the N-glycosylated form of the 16kDa product. Cleavage of N-glycosylation moieties from
proteins using PNGaseF is done according to the manufacturer's recommendations (New
England Biolabs, lpswich, MA, catalogue # P07048). PNGaseF is an amidase that
cleaves between the innermost GlcNAg¢ and asparagine residues of high mannose, hybrid,
and complex oligosaccharides from N-linked glycoproteins. Detection of protein N-
glycosylation is done in a Western assay with Concanavalin A, a lectin that recognizes
glycoproteins containing a-D-mannose, a-D-glucose. Blotted proteins are blocked for 2
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hours with blocking buffer {PBS, 0.05% Tween-20, 1mM CaCl,, TmM MnCly), followed by
ON incubation with Spg/m| of Concanavalin A biotin conjugate (Sigma, St. Louis MO,
catalogue # C2272) at 4°C in blocking buffer. Detection is done using a 1/2000 dilution of
extravidin-HRP conjugate in blocking buffer and DAB as substrate (Sigma, St. Louis MO,
catalogue # E2886 and D6815). The 38 kDa band visible in the coomassie stained gel is
the PNGasef enzyme. Off-rate analysis on human DRS5 revealed an >8-fold increase for
the P. pastoris produced material versus the E. coli produced material, suggesting that the
N-glycosylation interferes with the binding of 4E6-hu to DRS5,
[00548] A potential N-glycosylation motif is present in the CDR3 of 4E6 and 4E6-hx
{amino acids "nrs"- shown in bold and italics in Table 18). The 4E8-Hu variant (CDR3 with
a replaced “A” residue shown in bold capital letter — Table 19) is generated and produced
in E. coli, purified and assayed for binding to human and cynomolgus DR5 using the FACS
saturation binding assay and SPR kinetics (Table 20). The 4E6-Hu has equal binding
characteristics to both human and cynomolgus DRS, compared to 4E6-hx. Upon
expression in P. pastoris, the 4E6-Hu variant yields only the 16kDa product. This confirms
the functional knock-out of the glycosylafion motif.

5.1.3. In vitro characterization of 4E6-Hu
[005649]  Purified, tetravalent material is produced from wild type 4E6 and its humanized
variant 4E6-Hu. These are then assayed in cell survival assays in Colo205 and Jurkat
(Table 21). The potency and efficacy of the humanized variant is relatively equal to the
parent 4E6 construct.

Table 21 - In vifro potency and efficacy of tetravalent wild type 4E6 and 4E6-Hu

Colo205 Jurkat
{C50 (W) Efficacy 1C50 (M) Efficacy
(% dead cells) (% dead cells)
4E6 tetra 1.9x 10" 94 8.7 x10" 79
4E6-Hu tetra 1.2x10" 94 26x107"2 g5

5.2. 11H6 humanization
5.2.1. Characterization of 11H6 hurnanization variant
[00550] The protein sequence of wild type 11H6 is aligned {o the human VH3-23 (DP-
47) and JH5 germlines (Table 22). Amino acid differences relative to the human germline

sequence are represented by letters, identical amino acids by dois. Amino acid differences
in framewaork regions that are underlined are selected for conversion into the human
counterpart whereas the others are left untouched.
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Table 22 Alignment 11H6 parent and humanization variant

Kabat # : 1 10 20 30 40 50 60
| -mmmmmee | —mme e |- e [ | mgmmmmans !
VH3-23/JHS : EVQLLESGGGLVQOPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSATISGSGGSTYYA
11HS LTS tfdkion.g.v......qgqrdl.ag.t-p..1.4..
11H&6-hu L e e eaearaecerea et an s tfdkinn.g.y......qrdl.agq.t-p..i.d..
Fabat # ; 6B ‘70 80 80 100 110
fommmmmee [--m-mmmm |- |- mmmme |abodet-------- |-
VH3-23/JH5 = DESVHEGREFTI SRDNSKNTLYLOMNSLRAEDTAVYYCAK -~ ———-— - - ————- WEOGTLVTVSS
11H6 T e e a.dm....... kp.o..... f.naeilkrayidvyvwny..... [* FOPR
11H6-hu 2 Povesrnns naeilkrayidvyvny. ... ... .-

VH3-23/JH5 =SEQ ID NO: 80

11H6 =8SEQID NO: 5

11HB-hu =SEQID NO: 30

[00551]  Purified, monovatent material is produced for 11H6 and 11H6-Hu, which is
then characterized in a number of assays for binding cn human and cynomolgus DR5,
namely FACS saturation binding (apparent Kd) and SPR kinetics (Tabte 23). In addition,
the variants are analyzed in the thermal shift assay (Table 23). The 11H6-hu variant
retains the parental 11H6 binding characteristics. It also has an 8% increase in meliing
temperature compared to parent 11H6. Tm is determined at pH 7.

Table 23 - Characterization of monovalent 11H6 parent and humanization variants

Apparent Kd (M) Kd (M) Tm {°C)
Cynomolgus
Human DR5 | Cynomolgus DR5 | Human DRS DRS
11H6 4.6x10% ND 49x10% 3.2x107% 68.5
11H6-hu | 4.4x 10" ND 23x 107 1.7 x 10°° 74.0

5.2.2. In vitro characterization of 11H6-Hu
[00552]  Purified, tetravalent material is produced from parental clone 11H6 and its
humanized variant 11H6-Hu. These are then assayed in cell survival assays against
Colo205 and Jurkat {Table 24). The potency and efficacy of the humanized variant is
equal to the parent. Efficacy represents the percentage of dead cells seen.

Table 24 In vitro potency and efficacy of tetravalent wild type 11H6 and 11H6-hum
Colo2(5 Jurkat
1C50 (M) Efficacy IC50 (M) Efficacy
11H6 tetra 1.4x 107" 92 1.5x% 107" 34
11H6-hu tetra 2.0x 107" 94 1.6x 107" 54
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5.3. In vitro characterization of 11H6-Hu and 4E6-Hu tetramers and pentamers
[00553] Cells are plated in a 96 well plate (Costar # 3903 white clear bottom) with the
intention of achieving about 75% confluence. Cells are plated in a range from 7500-15000

cells/well (depending on cell line) in 100ul media the day prior to the assay. The day of the
assay, the media is removed and fresh media is added. Serially diluted NB agent is then
added (starting concentrations may vary depending on the cell fine), usually between 1-
20nM starting concentration, which is then diluted 3-4 fold over 10 dilutions in general for a
final volume of 150pl. The cells are then incubated for 24-72 hrs at 37°C in the CO,
supplied incubator. After incubation, the plated cells and Cell Titer Glo (Promega #G7571)
reagents are brought to room temperature (about 30 min). 50 uL of the reconstituted Cell
Titer Glo reagent is then added to each well. The plate is shaken for 2-3 minutes and then
left to equilibrate in the dark for 10 minutes before reading luminescence on the
Spectromax.

[00654] Specific examples are provided in Table 25.

Table 25. In vitro characterization of 11H6-hu and 4E6-hu tetramers and pentamers
11HB-Hu 4EB-Hu

IC50 (nM) | tetra penta | fold improvement | tefra penta | fold improvement

Jurkat (72) | 0.0007 | 0.0017 4 0.0172 | 0.0036 5

A549 >10 >10 1 >10 >10 1

Colo205 0.0036 | 0.0012 3 0.0034 | 0.0007 5

BxPC-3 0.0154 ; 0.0046 3 0.0292 | 0.005 8

T24 0.0222 | 0.0031 7 0.0447 | 0.0043 10

Panc-1 0.2317 | 0.0067 35 £0.2291 | 0.0105 22

M30 >10 >10 1 >10 >10 1

H226 0.1718 | 0.0124 14 0.1293 | 0.0272 5

H2122 0.0041 | 0.0017 2 0.0051 | 0.0008 7

MiaPaCa-2 | 0.0117 | 0.0031 4 0.0185 | 0.0038 5

6. Example VI

6.1. Ex-vivo assay for leukemia patients
[00655]  An ex-vivo assay for leukemia patients is provided as a method to predict
which patients will respond to treatment with an NB construct. A blood sample is obtained
from a patient prior to treatment and used to assay potential treatment response. The
degree and direction of response is used as selection criteria for treatment,
[00556] T-cell leukemia (T-ALL) is believed to be generally sensitive to DR5
stimulation. T-ALL samples are freated with NB constructs of the invention and assessed
to determine if the number of leukemia cells is decreased (or undergoing apoptosis) with
treatment. The assay drug range is from about 20nm to about 0.0001nM for treatments
Ex-vivo with NB constructs of the invention.
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[00557] Cell samples from patients diagnosed with other indications may also be
obtained and similarly tested.

6.2. General Ex-Vivo Sensitivity Assay:

[00558] Tumor samples are tested outside of a patient in a laboratory settingas a
method to help predict which patients may respond to one or more NB agents.

[00559] Primary patient tumor material from blood or tissue is treated in a similar
manner to the above assays, depending on the tumor type. Tumor is removed via total
blood coltection or tissue hiopsy and plated into an appropriate tissue culture plate for 0-24
hours. The tumor specimen is then treated with varying concentrations of NB agent{s) over
a dilution series {e.g., starting concentration could be 20nM diluted 3-4 fold over 10
dilutions). The tissue culture plate is then treated with NB agent(s) for 24-72 hrs or for
several hours (1-24) at 37°C in the CO; supplied incubator. After incubation, the plated
specimen is analyzed using a method to detect the response of the specimen to freatment.
Such as in the above examples; Cell Titer Glo (Promega #G7571) for cell viability, or
Caspase 3/7 activation, or AnnexinV staining, or Cell counting, or FACS analysis or other
method.to determine the growth, death, or response to NB agent treatment are provided.
[C0560] Either a NB agent-sensitive cell line (e.g., Jurkat) or a NB agent-insensitive cell
line (BE13), or PBMC (peripheral blood mononuclear cells, e.q., made fresh from the blood
of a healthy volunteer) or the combination of the cell culture (cell line) spiked into the
PBMC are treated with various concentrations of NB agent(s) for 3.5 hours at 37°C in the
CO; supplied incubator, after which Caspase 3/7 activation is assessed (Promega
#G7790) by following the directions supplied by the manufacturer.

7. Example Vil

7.1. Analysis of the RAF-MEK-ERK pathway and DRS activity
[00561] Death Receptor 5 (DR5) is of particular interest in cancer drug discovery, since
its aclivation selectively induces apoptosis in cancer cells while sparing many normal celis.
A DRS specific agonist construct may avoid the limitations of the ligand, namely binding to
Decoy Receptors such as DcR1, DcR2 and CPG. A major hurdle for the clinical
developments of DR5 agonist antibodies has been the difficulty in identifying biomarkers
predictive of efficacy in patient subgroups. The analysis of data from 200 cancer cell lines
indicated that no obvious genetic mutations, including those in RAS and RAF, are
correlative of sensiiivity to LBY135, a DRS5 agonist antibody {Novartis AG).
[00562] A sirategy to screen pooled shRNAs based on DR5 sensitizationfrescue is
used to identify genes or pathways that modify DRS mediated apoptosis after genetic
perturbation. The screens are conducted in seven cancer cell lines across various
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lineages, and Solexa based deep sequencing of the integrated hairpins is used to de-
convolute the shRNA compositions.

[00563] A setof common sensitizers and rescuers are identified as known pathway
components, such that shRNAs targeting caspase 8, caspase 3 and DRS5 itself are the top
rescuers and those targeting BCLx are the top sensitizers, indicating the robustness of the
screens. Interestingly, in addition to these sets of common genes, inhibition of BRAF-
MEK-ERK exhibits opposing cell-context-dependent phenotypes on DRS mediated
apoptosis. Specifically, inhibition of BRAF-MEK-ERK pathway sensitizes Miapaca2 cells to
PR35 mediated apoptosis, but rescues Colo205 cells from it

[00564] These opposite phenotypes correlate well with different kinetics of caspase 8
and caspase 9 activity, but appear to be independent of DR5 expression level. Pathway
dissection reveals that cFLIP and clAP1, two of the endogenous apoptosis inhibitors,
mediate cross-talk between DRS mediated apoptosis and the BRAF-MEK-ERK pathway.
In Miapaca?2 cells, combination of U0126 (MEK inhibitor) and DR5 antibody aceelerate the
degradation of ¢cFLIP and clAP1 proteins, while in colo205, both cFLIP and clAP1 mRNAs
are up-regulated. Consistently, inhibition of cFLIP or clAP1 by shRNAs or chemical
inhibition eliminate the rescue.phenotype in Colo205 cells, and further sensitize Miapaca2
to PR5 mediated apoptosis. Microarray analysis of Miapaca2 and Colo205 cells treated
with MEK inhibitor reveal genes that are down-regulated in both cell lines, including
DUSPS, ETVS and ERG1, which are the canonical downstream targets of ERK.

7.2. Bel-xl, clAP1 and BRAF-MEK-ERK as cell-context dependent requlators of DRS

mediated apoptosis
[00565] Many proteins work as cell-context dependent regulators, if it is defined

broadly. For examples, ABT737, a Bcl-xL inhibitor, showed a range of phenotypes on
LBY135 induced apoptosis. Among 35 cell lines to be examined, it strongly sensitizes the
effect of LBY135 on 7 cell lines, mildly sensitizes 9 cell lines, but had no effect on the other
19 cell lines. One of the plausible reasons is that parallel pathways are present in some
cell lines that compensate the inhibition of Bel-xL. For example, analysis of our screens
reveal that shRNAs against Bcl-xL sensitize all cell lines except for Miapaca2 cells, which
actually are sensitized by shRNAs targeting MCL1. Such Kind of regulators would not
hinder the development of combination therapy. In this aspect, an inhibitor to clAP1is a
similar regulator that sensitizes a DR5 agonist antibody in a large number of cell lines
{Table 28, plus data not shown). Interesting, clAP1, not x-IAP, is specifically involved in
the cross-talk between DRS and BRAF-MEK-ERK pathway.

[00566] The BRAF-MEK-ERK pathway falls into a category for cell-context-dependent
regulators. lts cell-context dependent effects ranged from sensitizer to antagonizer. Such
dramatic differences provide an opportunity to gain insight in the signaling networks
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regulating DR5 mediated apoptosis. However, biomarker should be identified, or such
combination will be difficult to develop, even if the sensitizing effects are strong and
desirable. Actually for DR5 resistant cell lines, such as ES2 and A375, BRAF/MEK
inhibitors are the only partners in the table below that show strong sensitizing effects,
whereas inhibitors to Bel-xL do not. Downregulation of clAP1 is associated with the
sensitizing effects in multiple cell lines, suggesting it as a PD biomarker for such
combination strategy. Our resuilts suggest that a triple combination of a DR5 agonist
antibody with inhibitors to ¢1 and BRAF-MEK could be a solufion.

[60587] Table 26 shows the synergistic effect between DR5 agonist antibody and
inhibitors to clAP1 or Bel-xL. Thirty five cell lines are treated with LBY 135 (DR5 agonist
antibody, Novartis AG} alone or in combination with LBW242 (clAP1 inhibitor} or ABT737
{Bel-xL inhibitor). Celis are labeled as insensitive where the viability is higher than 70% at

5nM of LBY135. For combination effects, it is labeled as ‘+++ where the combination
reduces cell viability by more than 30%; and labeled as '++ where the combination

reduces cell viability by between 10-30%. It is labeled as “none” when no synergy is
observed with the combination treatment.

Table 26: Synergistic effect between DRS agonist and clAP1 or Bel-xL inhibitors.

Cell line Tumor type Sensitivity to Sensitized | Sensitized
LBY 135 (5nM) by LBW242 | by ABT737
A172 CNS sensitive ++ ++
Bxpc3 Pancreatic insensitive ++ ++
Caov3 ovary sensitive ++ ++
H596 NSCLC insensitive ++ ++
panci0.05 Pancreatic insensitive ++ +++
A375 Melanoma insensitive ++ none
DU145 Prostate insensitive ++ none
SK-Meis Melanoma insensitive ++ none
colo741 Colon insensitive +++ ++
HCT116 Colon sensitive 4+ ++
HT2g9 Colon insensitive +++ ++
colo205 Colon sensitive ++ +++
EBC1 Lung sensitive +++ +++
colo201 Colon sensitive +++ none
ES2 ovary insensitive +++ none
swh285 Colon insensitive none ++
Hz2452 Mesothelioma sensitive nohe +++
HPAC Pancreatic sensitive none +++
LNcap Prostate insensitive none +++
T24 Bladder insensitive none +++
A549 NSCLC insensitive none none
Calub Lung sensitive none none
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H146 SCLC insensitive hone none
H358 NSCLC sensitive none none
H520 NSCLC insensitive none none
MDAMB361 Breast insensitive none none
MDA-MB-453 | Breast sensitive none nene
OPmM2 Muitiple Myeloma sensitive none none
panc2.03 Pancreatic insensitive none nonhe
Panc3.27 Pancreatic sensitive none none
RKO Colon insensitive none none
RT4 Bladder insensitive none hone
SKOV3 ovary insensitive none nene
SW4B0 Colon sensitive none none
U266RB1 Multiple Myeloma insensitive none none

++; sensitizing; +++: strong sensitizing;

[00568] In addition, 180 genes are alse identified as being differentially regulated by
MEK inhibition between the two cell lines. A set of transcription factors that could be
responsible for regulating those genes are predicted by gene set enrichment analysis
(GSEA), followed by individual examination using shRNA to confirm their involvement.
Among many transcription factors, only tFOXO3 and SP1 are found to be directly involved
in the cross-talk between the two pathways, as shown by their role in the regulation of
cFLIP or clAP1 at the mRNA level in Colo205 cells. However, in MiapcacaZ cells, cFLIP
or ¢lAP1 are regulated at the protein level in proteasome and caspase 8 dependent
manners. Finally, reduced clAP1 protein levels are associated with the sensitizing effects
in additional cell lines. These results identify multiple potent combination strategies for the
DRS5 agonist antibedy LBY 135, and reveal a cell-context-dependent regulation of DR5S
mediated apoptosis by the BRAF-MEK-ERK pathway.

[00568] To validate the shRNA results, chemical inhibitors specific to BRAF and MEK
are used to disrupt the BRAF-MEK-ERK pathway. Namely, RAF265 and U0126 are
inhibitors of BRAF and MEK, respectively. Inhibition of the BRAF-MEK-ERK pathway with
either compound sensitized Miapaca2 cells to LBY 135 treatment, but rescued Colo205
cells from it. Other BRAF and MEK specific inhibitors gave similar phenotypes.,

[00570]
cells have an active BRAF mutation (VB0OE). So it is possible that these mutations are

Miapaca2 cells have an activating KRAS mutation (G12C), whereas Colo205

responsible for the different phenotypes. However, H2122, which has the same KRAS
mutation as MiapacaZ2 ceils, did not show any sensitizing effect as in Miapaca2,
Furthermore, after screening seven additional cell lines, all with BRAF mutations, we found
that MEK inhibitors showed no effect in some cell lines while the others are sensitized as
in MiapacaZ2 cells. Taken together, our results indicate that neither BRAF nor KRAS
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mutations explain the cell-context dependent roles of the BRAF-MEK-ERK pathway on
DR5 mediated apoptosis.

[60571] Overall, inhibiticn of BRAF-MEK-ERK is a double-edge sword - it can lead to
either a sensitizing or an antagonizing effect when used in combination with a DRS
agonist. Inhibitors of clAP1 or XIAP, of Bel-xL or of ¢FLIP in combination with a DR5
agonist is sufficient for sensitization. However, the combination cf a BRAF inhibitor and
either a MEK or ERK inhibitor appear to antagonize the effect of pre-treatment with
LBY135. While this raises concerns for combination therapy targeting both pathways in
the clinic, data suggests that a triple combination with ¢IAP inhibitors could be a solution
for the antagonism. Namely, a triple combination of a DR5 agonist, a clAP inhibitor {either
to clAP1 or to XIAP) and the choice of a MEK inhibitor or a BRAF inhibitor should also
resutt in synergistic induction of cell death.

7.3. Experimental Protecols
[00572] For the shRNA library screen, target cells are infected with a pooled shRNA
library targeting kinome and apotome shRNA, selected with puromycin, then treated with
cross-linked LBY 135 or PBS control. Samples collected at Day 0, 7 and 14 are subjected
to DNA extraction, PCR amplification of integrated shRNAs and purification, followed by
solexa sequencing. Comparisons between treatments at the same time points reveal
shRNAs modulating DRS mediated apoptosis. Comparisons between time points in PBS
controls reveal effects of shRNAs on cell growth. These hits are then subjected to
individual validation.
[00573] To analyze knock-down of LIMK2 sensitized Miapaca2 and Colo205 to LBY135
induced apoptosis, cells are infected with shRNAs against LIMK2 or control hairpins,
selected with puromygin for 5 days, then seeded in 96-well-plates for treatments with serial
dilutions of cross-linked LBY 135 the next day for 36 hours. Celi viabilities are measured by
cell-titer-glow reaQent, and normalized to the samples not treated with LBY135. Cell

survival rate is plotted as a function of concentrations to generate a dose-response curve.
Data includes the mean + SD of triplicates of a representative experiment out of at least
two independent experiments.

[00574] Chemical inhibitors of MEK and BRAF are used to validate the phenotype of
shRNAs in the screen. Miapaca2 and Colo205 are pre-incubated with DMSO, MEK
inhibitor U0126 (10uM) or BRAF inhibitor RAF265 (1uM) ovemight, then treated with serial
dilutions of cross-linked LBY135 for 36 hours. Cell viabilities are measured by cell-titer-
glow reagent, and normalized to the samples not treated with LBY135. Cell survival rate is
plotted as a function of concentrations to generate a dose-response curve. Data are the
mean + SD of triplicates of a representative experiment out of at least two independent
experiments.
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[00575] To show that activation of ERK by DR5 remains intact in both cell lines,
Miapaca2 and Colo205 cells are pre-incubated with DMSO or UQ126 (10uM) ovemight,
treated with cross-linked LBY135 (0.25nM), and collected at Oh, 1h, 3h and 6h for western
blot analysis for ERK and p-ERK. MEK inhibition decreases DRS induced activities of
caspase-8, caspase-9 and caspase-3/7 in Colo205 cells, whereas it increases them in
Miapaca2 cells. Colo205 and Miapaca?2 are treated with cross-linked LBY-135 at OnM,
0.25nM or 1nM for 7 hrs. Cells are lysed for analysis of activities of caspaseg, caspased
and caspase3/7. Caspase activities are plotted as a function of LBY135 concentrations.
Data is representative experiment out of at least two independent experiments.

[005768] Microarray analysis is used to reveal those genes with significant correlation
between Colo205 and Miapaca? cells among genes regulated by MEK. Colo205 and
Miapacaz2 cells are pre-incubated with DMSC or U0126 ovemight in five independent
experiments, RNA is extracted for microarray analysis. Relative expression level for each
gene in U0126 versus DMSO treated cells are plotted as a function of Colo205 cells on Y-
axis and Miapaca2 on X-axis.

7.4. Working mode| for cross-talk between DRS and RAF-MEK-ERK
[00577] A working model proposes that treatrient with a DRS agoenist activates both

caspase-8 and ERK. Cross-talks between these two pathways are mediated by cFLIP and
clAP1, which negatively regulate the activation of caspase-8 and caspase-9 that in turn
control the apoptosis induced by DR5 agonist. cFLIP and clAP1 are regulated at different
levels in a manner that is cell-context dependent. In Colo205 cells, they are regulated at
their RNA leve!s through transcription factor FOX03 and SP1, which themselves are
regulated by BRAF-MEK-ERK pathway. In Miapaca2 cells, cFLIP and clAP1 are reguiated
by BRAF-MEK-ERK pathway at protein level in proteasome and caspase 8 dependent

manners.

8. Example Vil
8.1. Exemplary Biacore assay

[00578] A suitable assay for determining whether an amino acid sequence or other
binding agent cross-blocks or is capable of cross-blocking is & Biacore assay. it will be
appreciated that the assay can be used with any of the amino acid sequences (or other
binding agents such as polypeptides of the invention) described herein.

[00579] The Biacore machine (for example the Biacore 3000) is operated in line with
the manufacturer's recommendations. In one exemplary cross-blocking assay, the target
protein js coupled fo 2 CM5 Biacore chip using standard amine coupling chemistry to
generate a surface that is coated with the target. Typically 200- 800 resonance units of the
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target would be coupled to the chip (i.e., an amount that gives easily measurable levels of
binding but that is readily saturable by the concentrations of test reagent being used).
[00580] Two test amino acid sequences (termed A* and B*) to be assessed for their
ability to cross- block each other are mixed at a one to one molar ratio of binding sites in a
suitable buffer to create the test mixture. When calculating the concentrations on a binding
site basis the molecular weight of an amino acid sequence is assumed to be the fotal
molecular weight of the amino acid sequence divided by the number of target binding sites
on that amino acid sequence. The concentration of each aming acid sequence in the test
mix should be high enough to readily saturate the binding sites for that amino acid
sequence on the target molecules captured on the Biacore chip. The amino acid
sequences in the mixture are at the same molar concentration {on a binding basis) and
that concentrafion would typically be between 1.00 and 1.5 micromolar (on a binding site
basis). Separate solutions containing A* alone and B* alone are also prepared. A* and B*
in these solutions are in the same buffer and at the same concentration as in the test mix.
[00581] The test mixture is passed over the target-coated Biacoere chip and the total
amount of binding recorded. The chip is then treated in such a way as to remove the
bound amino acid sequences without damaging the chip-bound target. Typically this is
done by treating the chip with 30 mM HCI for 60 seconds. The solution of A* alone is then
passed over the target-coated surface and the amount of binding recorded. The chip is
again treated to remove all of the bound amino acid sequences without damaging the chip-
bound target. The solution of B* alone is then passed over the target-coated surface and
the amount of binding recorded.

[00582] The maximum theoretical binding of the mixture of A* and B* is next calculated,
and is the sum of the binding of each amino acid sequence when passed over the target
surface alone. If the actual recorded binding of the mixture is less than this theoretical
maximum then the two aminoe acid sequences are cross-blocking each other, Thus, in
general, a cross-blocking amino acid sequence or other binding agent according to the
invention is one which will bind to the target in the above Biacore cross-blocking assay
such that during the assay and in the presence of a second amino acid sequence or other
binding agent of the invention the recorded binding is between 80% and 0.1% (e.g. 80% to
4%) of the maximum theorefical binding, specifically between 75% and 0.1% (e.g. 75% to
4%} of the maximum theoretical binding, and more specifically between 70% and 0.1%
(e.g. 70% to 4%) of maximum theoretical binding (as just defined above) of the two amino
acid sequences or binding agents in combination.

[00583] The Biacore assay described above is a primary assay used tc determine if
amino acid sequences or other binding agents cross-block each other according to the
invention. On rare accasions particular amino acid sequences or other binding agents may
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not bind to target coupled via amine chemistry to a CM5 Biacere chip (this usually occurs
when the relevant binding site on target is masked or destroyed by the coupling to the
chip). In such cases cross-blocking can be determined using a tagged version of the
target, e.9., a N-terminal His-tagged version (R & D Systems, Minneapolis, MN, USA; 2005
cat# 1406-ST-025). In this particular format, an anti-His amino acid sequence would be
coupled to the Biacore chip and then the His-tagged target would be passed over the
surface of the chip and captured by the anti-His amino acid sequence. The cross blocking
analysis would be carried out essentially as described above, except that after each chip
regeneration cycle, new His-tagged target would be loaded back onto the anti-His amino
acid sequence coated surface. In addition to the example given using N-terminal His-
tagged DRS5, C-terminal His-tagged target could alternatively be used, Furthermore,
various other tags and tag binding protein combinations that are known in the art could be
used for such a cross-blocking analysis (e.g. HA tag with anti-HA antibodies; FLAG tag
with anti-FLAG antibodies; biotin tag with streptavidin).

9. Example X

-9.1. Exemplary ELISA assay
[00584] The following generally describes an ELISA assay for determining whether an
amino acid sequence or other binding agent directed against a target cross-blocks or is
capable of cross-blocking as defined herein. This assay can be used with any of the amino
acid sequences (or other binding agents such as polypeptides of the invention) herein.
[00585] The general principal of the assay is to have an amino acid sequence or
binding agent that is directed against the target coated onto the wells of an ELISA plate.
An excess amount of a second, potentially cross-blocking, anti-target amino acid sequence
is added in solution (i.e., not bound to the ELISA plate). A limited amount of the target is
then added to the wells, The coated amino acid sequence and the amino acid sequence in
solution compete for binding of the limited number of target molecules. The plate is
washed to remove excess target that has not been bound by the coated aminc acid
sequence and to also remove the second, solution phase amino acid sequence as well as
any complexes formed between the second, solution phase amino acid sequence and
target. The amount of bound target is then measured using a reagent that is appropriate to
detect the target. An amino acid sequence in solution that is able to cross-block the coated
amino acid sequence will be able to cause a decrease in the number of target molecules
that the coated amino acid sequence can bind relative to the number of target molecules
that the coated amino acid sequence can bind in the absence of the second, solution
phase, amino acid sequence.
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[005861 In the instance where the first amino acid sequence, e.g. an Ab-X, is chosen to
be the immobilized amino acid sequence, it is coated onto the wells of the ELISA plate,
after which the plates are blocked with a suitable blocking solution to minimize non-specific
binding of reagents that are subseguently added. An excess amount of the second amino
acid sequence, i.e., Ab-Y, is then added to the ELISA plate such that the moles of Ab-Y
[target] binding sites per well are at least 10 fold higher than the moles of Ab-X [target]
binding sites that are used, per well, during the coating of the ELISA plate. [target] is then
added such that the moles of [target] added per well are at least 25-fold lower than the
moles of Ab-X [target] binding sites that are used for coating each well. Following a
suitable incubation period the ELISA plate is washed and a reagent for detecting the target
is added to measure the amount of target specifically bound by the coated anti-[targei]
amino acid sequence (in this case Ab-X).

[00587] The background signal for the assay is defined as the signal obtained in wells
with the coated amino acid sequence (in this case Ab-X), second solution phase amino
acid sequence {in this case Ab-Y), [target] buffer only {i.e., no target) and target detection
reagents, The positive control signal for the assay is defined as the signal obtained in wells
with the coated amino acid sequence (in this case Ab-X), second solution phase amino
acid sequence buffer only {i.e., no second solution phase amino acid sequence), target
and target detection reagents. The ELISA assay may be run in a manner so as {0 have the
positive control signal be at least six times the background signal.

[00588] To avoid any artifacts (e.g. significantly different affinities between Ab-X and
Ab-Y for [target]) resulting from the choice of which amino acid sequence to use as the
coating amino acid sequence and which to use as the second (competitor) amino acid
sequence, the cross-blocking assay may to be run in two formats: (1) format 1 is where
Ab-X is the amino acid sequence that is coated onto the ELISA plate and Ab-Y is the
competitor amino acid sequence that is in solution and (2) format 2 is where Ab-Y is the
amino acid sequence that is coated onto the ELISA plate and Ab-X is the competitor amino
acid sequence that is in solution. Ab-X and Ab-Y are defined as cross-blocking if, either in
format 1 or in format 2, the solution phase anfi-target amino acid sequence is able to
cause a reduction of between 60% and 100%, specifically between 70% and 100%, and
more specifically between 80% and 100%, of the target detection signal {i.e., the amount
of target bound by the coated amino acid sequence) as compared to the target detection
signal obtained in the absence of the solution phase anti- target amino acid sequence (i.e.,
the positive control wells).



10

15

20

25

30

35

WO 2011/098520 PCT/EP2011/051958

150

10. Example X
10.1. Macrophage depletion experiment
[00589]  All anti-DR5 antibodies in clinical development to date require cross-linking to
achieve optimal potency in vitro and in vivo. In vivo, this crosslinking is believed to be
mediated via the binding of the Fc portion of the anti-DR5 antibody to Fe receptor
expressing immune cells. To investigate the cross-linking effects in vivo of the anti-DR5
antibody LCR211 compared with an NB construct, which is expected to not require this
crosslinking, the activity of the mouse IgG1 anti-DR5 antibody LCR211 is compared to
11H6 tetra under tumor associated macrophage (TAM) depletion conditions in the
MiaPaCa-2 xenograft model in the NOD/LtSz-scid /L 2R gamma™' female mice (NSG
mouse) background. NSG (NOD-SCID gamma) mice are deficient in T cells, B celis, and
have little or no NK cell cytotoxicity activity caused by disrupted cytokine signaling as a
result of the deletion of the IL-2R gamma-chain (Shultz, J. of Immunology 2005). Depletion
of TAMs is accomplished using a small molecule that inhibils signaling through the CSF-1
receptor. Three doses at 200mgrkg once per day depletes up to 80% of macrophages, as
previously shown, Daily dosing is continued throughout the study.
[00590] MiaPaCa cells are harvested in exponential growth. Five million cells mixed .
50:50 with Matrigel are subcutaneously implanted into the upper right flank of nude mice.
For cell implantation, mice are anesthetized with continuous flow of 2-4% isofiuranef
oxygen mixture using the integrated multi chambers anesthesia center (IMCAC) and
induction chamber {Vetequip. Inc., Pleasanton, CA). The tumor take rate is »80% and
tumors reach approximately 150-350 mm?® around 14 days post cell implantation. Animals
are randomized according to tumor volume such that the mean tumor volume and range
are statistically similar between treatment groups (as determined by a Student's t-{est).
Tumors are measured with digital calipers twice a week at the start of dosing. Tumor
volumes are calculated using the ellipsoid formula: (length x width®)/2. LCR211 is dosed at
10mg/kg 3qw iv and 11H6 tetra is dosed at 10mg/kg and 40mgfkg qw iv, with or without
the CSF1-R inhibitor (CSF-1Ri} at 250mg/ka qd po.
[00581] Percent treatment/control (T/C) values are calculated using the following
formula;
% TIC = 100 x AT/AC if AT >0
% Regression = 100 x AT/ Ty if AT <0

where:

T = mean tumor volume of the drug-treated group on the final day of the study;

AT = mean tumor volume of the drug-treated group on the final day of the study —

mean tumor volume of the drug-treated group on initial day of dosing;
Tintial = mean tumor volurne of the drug-treated group on initial day of dosing;
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C = mean tumor volume of the control group on the final day of the study; and

AC = mean tumor volume of the control group on the final day of the study — mean

tumor volume of the control group on initial day of dosing.
%T/C calculations are done at the end of study.

[00592]

As seen in Table 27 and in Figures 4A and 4B , 11H6 tefra maintains potent

single agent activity in the MiaPaCa-2 xenograft under TAM depletion conditions in the
NSG mouse background, while under the same conditions the murine anti-DR5 antibody

LCR211 loses efficacy.

Table 27: Summary of 11H6 tetra efficacy under TAM depletion conditions

Molecule %T/C no TAM depletion %T/C with TAM depletion
LCR211 10 mg/kg 3qw 22% 95%
11H6 tetra 10 mglkg qw - 23.64% -5.73%
11HS tetra 40 mg/kg qw -87.77% -8.11%
10.2. Anti-tumor activity of a DR5 Agent in LCR211-insensitive patient-derived
tumor model '
[00593] TPAN1-IFA, a patient-derived pancreatic tumor (Xentech), is implanted

subcutaneously {sc) into (80) female nude mice (Harian, about 8weeks of age at implant).
Animals are randomized at start of treatment into groups of nine. Starting tumor volume is
89 mm® {range 63-186 mm®). Treatment groups are: (1) Vehicle, once a week (qw),
intravenously (i.v.), (2) LCR211, 10mgrkg, three times a week {3gqw), i.v., (3) 11HE
tetramer, 10mgfkyg, gw, L.v., (4) 11HE, 40mg/kg, qw, i.v., 5. Gemcitabine, 60 mg/kg, twice a
week (2qw), i.v. Intravenous dosing volume is 5 mifkg. Mice are weighted twice a week.
Tumors are callipered twice a week and tumor volume (TV} calculated using the formula:
TV (mm®) = [length (mm) x width (mm)2] / 2 is used, where the length and the width are
the longest and the shortest diameters of each tumor, respectively.

[00594]
activity, with the mean change in tumor volume of the treatment group over control (T/C) =
108%. In contrast, 11HB dosed at 10 mg/kg weekly and at 40 mg/kg weekly results in 1%
and 86% regression, respectively (p<0.05 vs vehicle). Gemcitabine treatment resuits in a
T/C of 25% (p<0.05 vs vehicle). LCR211 and 11HB treatment is well tolerated with no
significant loss of body weight observed. Thus, in a patient-derived cancer that is
insensitive to conventional antibody targeting of DR5, the NB constructs show potent
tumor regression. In this example, the NB construct has the potential to treat a [arger class

As shown in Figure 5, after 4 weeks of dosing, LCR211 shows no single agent

of patients that could be refractory to conventional targeting approaches for this pathway.
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11. Example X|
11.1. X-ray crystallographic structure determination of the human DR5/ NB

conhstruct complexes

[00595]

Crystal structures of a human DR5 ECD fragment bound to monomeric

constructs 11HE (SEQ ID NO: 103) and 4E6 (SEQ ID NO: 104) are determined. As
detailed below, individual DR5 protein fragments are expressed, purified and mixed to form

complexes. Protein crystallography is employed to generate atomic resolution data for the
DR5 protein bound to the two examples.

[00596]

Two variants of DRS protein are produced for crystaliography, namely DR5_54

and DR5_61. Following the sequence numbering of human DR5, GenBank accession
number BAA33723.1 (SEQ ID NO: 89), the DR5 sequences correspond to residues 54 to
183, and 61 to 183, respectively. As shown in Table 28, sequences in lower case letters
are removed during production. For DR5_54 (SEQ 1D NO: 1090) and DR5_61 (SEQ 1D NO:
101), human DR5 sequence is underiined. In Table 28, “ID" represents the SEQ ID NO.

Table 28: Proteins used for crystal structure determination

Construct Amino acid sequence in one letter code. D

HuDR5 megrggnapaasgarkrhgpgpreargarpglrvpktlvlivvaavlllvsaesali| 89

GenBank: tggdlapgarvapggkrsspseglcppghhisedgrdeisckyggdysthwndll £

BAA33723.1 |clretredsgevelspetttrntvegeeeghfreedspemerkertgeprgmvkvg
dctpwsdiecvhkesgtkhsgeapaveetvisspgtpaspeslsgiiigvtvaavy
livavivcksllwkkvlpylkgicsggggdpervdrssqrpgaednvineivsilyg
prtgvpegemevgepaeptgvnml spgesehll epasaersgrrrlivpanegdpte
tlrgcfddfadlvpfdsweplmrklglmdneikvakaeaaghrdtlytmlikwwnk
tgrdasvhtlldaletlgerlakgkiedhllssgkfmylegnadsams

DR5 54 mvsaivlyvllaaaahsafaadlgslevl £gALITOODLAPQORAAPQOKRSSPSE| 100

gpﬁ?DR5a54- GLCPPGHHISEDGRDCISCKYGODY STHWNDLLFCLRCTRCDSGEVELSPCTTFTRN

s183-PH TVCOCEEGTFREEDS PEMCRKCRTGC PRGMVEVGDCTPWSDIECVHEKESAAATL EVL
FQgpssgklghhhhhhhhhh

DRS_61 mvsaivlyvllaaaahsafaadlgslev] FqGPSMALAPOQRAAPOOKRSSPSEGL| 101

g DSTDR5|6 1- {CPPGHHISEDGRDC ISCKYGQDYSTHWNDLLFCLRCTRCDSGEVELSPCTTTRENTY

s183-PH CQCEEGTFREEDSPEMCRKCRTGCPRGMVKVGDCTPRSDIECVHKESAAALEVLEFQ
gpssgklghhhhhhhhhh

11HB6 hu mkktaialavalaglatvagaEVQLLESGGGLVQPGGSLRLSCAASGTFDEKINNMG| 102

pAX100-11H6 |[WYRQAPGKQRDLVAQITPGGITDYADSVKGRFTISRDNSENTLYLOMMSLRPEDTA
VYYCNAEILKRAY IDVYVNYWEQOTLVEVSSAAARQRLISEEDLNGAAHHHHHH

4EE hu mkktaialavalaglatvaqaEvVQLLESGGGLVOPGGSLRLSCARSGRTFGSIRVG| 103

pAX111-4E6 |WFROAPGKGREFVSAINRNDGTTYYADSVKGRFTISRDNSKNTVYLOMNSLRPEDT
AVYYCAAGLOYNRAADRYPVGAVYWGQGETLVIVS SHHHHHHE

[00597]

[00598] The above proteins are expressed in SF9 cells using a baculovirus expression

system, with the expression vector containing the GP67 signal peptide. DRS5 protein is

purified from the cell growth media following a 2.5 day infection. The media is clarified with
the addition of 5 mM CaCl,, 1 mM NiCl;, 50 mM Tris pH 8.0, and 1 yM PMSF. The
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protein is captured on Ni-NTA resin (Qiagen) equilibrated in 50 mM Tris pH 8.0, 300 mM
NaCl using a gravity flow column. The column is washed with 50 mM Tris pH 8.0, 300 mM
NaCl, 30 mM imidazole, followed by elution with 50 mM Tris pH 8.0, 300 mM NaCl, 300
mM imidazole, Eluted DRS from the Ni column is cleaved with PreScission protease (GE
Healthcare), folliowed by gel filtration chromatography using a Superdex 75 ¢olumn (GE
Healthcare) equilibrated in 50 mM HEPES pH 7.6, 150 mM NaCl. DRS is further purified
by ion exchange using a MonoQ column (GE Healthcare) at pH 7.5 with a 20 column
volume gradient of 0.03-1M NaCl. Peak fractions are analyzed by SDS-PAGE and LCMS
prior to pooling.

11.2. 4E8 and 11H6 crystallization with DR5.
[00599] Both 4E6 (pAX111-4E6, SEQ ID NO:103) and 11H& (pAX100-11H6, SEQ ID
NC:102) are cloned as monomeric NB constructs for expression in £ cofi using
BL21(DE3)pLysS cells and BL21(DE3)Star cells, respectively, and both contain signal
sequences for periplasmic localization, as provided in Table 28 above. Following a 3 hour
induction with [PTG at 37°C, cells are harvested and lysed. Protein is captured on a Ni-
NTA column pre-equilibrated in 50 mM Tris pH 8.0, 300 mM NaCl. The column is washed
with 50 mM Tris pH 8.0, 300 mM NaCl, 50 mM imidazole, followed by elution with 50 mM
Tris pH 8.0, 300 mM NaCl, 300 mM imidazole. The Ni eluate is further purified via gel
filtration chromatography using a Superdex 75 column (GE Healthcare). Whereas this is
the final purification step for 11H86, the 4E6 underwent an additional purification step via a
MonoS cation exchange column (GE Healthcare).
[00600] A complex of DR5_61/4E6 is prepared by mixing DR5_61 and 4E6ina 1:1
molar ratio (concentration measured via LCUV), incubating on ice for 1 hour, and purifying
the complex on a Superdex75 column {GE Healthcare) equilibrated in 20 mM HEPES pH
7.5, 150 mM NaCl. Peak fractions are analyzed by SDS-PAGE and LCMS3. Fractions
containing DR5_61/4E6 are concentrated to about 10 mg/ml for crystallization.
[00601] A complex of DR5_54/11H6 is prepared by mixing DR5_54 and 11H8 in a
malar ration of 1:1.3 {concentration estimated by LCUV), incubating on ice for 1 hour, and
purifying the complex on a Superdex?5 column (GE Healthcare) equilibrated in 25 mM
HEPES pH 7.5, 150 mM NaCl. Peak fractions containing the DR5_54/11H6 dimer are
pooled and concentrated to about 12.7 mg/mi. The dimer is then Trypsin-treated as
foliows: 200 pl of dimer (about 2.5 mg) is used to resuspend 20 pg of lyophylized trypsin,
which is then incubated at room temperature for 15 minutes. The DR5_54/11H6/rypsin
mixture is centrifuged prior to setting up crystallization screens.
[00602] Crystals are grown by sitting drop vapor diffusion from drops containing equal
volumes of protein and reservoir solution. For DR5_61/4E6 complex a reserveir solution of
22% PEG 3350, 150 mM calcium acetate, 100 mM HEPES pH 7. 5 produced crystals
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upon incubation at 20 °C. For trypsin-treated DR5_54/11H6 complex a reseryoir solution
of 0.2 M ammeonium sulfate, 0.1M Tris pH 8.5, 25% PEG 3350 produced crystais upon
incubation at 20 °C.

[00603] The DR5_61/4E8, crystals are transferred to a cryo solution containing 25%
PEG 3350, 50 mM HEPES pH 7.5, 150 mM calcium acetate, 15% glycerol, 10% ethylene
glycol and flash cooled in liquid nitrogen. The DR5_a54/11H8, crystals are transferred to
reservoir solution containing additional 22% giycerol and flash cooled in liquid nitrogen.
[00604] For DR5_61/4E6 complex, diffraction data are collected at station PX|-X06SA
at the Swiss Light Source (Paul Scherrer Institut, Villigen, Switzerland). Data are
processed and scaled at 1.9A using autoPROC (Global Phasing, LTD) in space group
C121with cell dimensions a=98.50A, b=B4.65A, c=64.91A, alpha=90°, beta=99.38°,
gamma=90°, The DR5_61/4E6 structure is solved by molecular replacement using Phaser
(McCoy et al., (2007) J. Appl. Cryst. 40: 658-674) with DRS5 structure 2HSG and the
camelized human VH structure 10L0 as search models. The final model, which contains 2
molecule of the DR5_61/4E6 complex per asymmetric unit, is built in COOT {Emsiey &
Cowtan (2004) Acta Cryst. 60; 2126-2132) and refined to R and Ry values of 22.2% and
24.1%, respectively, with an rmsd of 0.003A and 0.69° for bond lengths and bond angles,
respectively, using PHENIX {(Adams ef af., Acta Cryst. D66, 213-221 (2010)).

[00605] For DR5_54/11H6 complex, diffraction data are collected at beamline 17-ID at
the Advanced Photon Source {Argonne National Laboratory, USA). Data are processed
and scaled at 2.2A using autoPROC (Giobal Phasing, LTD) in space group P85 with cell
dimensions a=99.61A, b=99.681 A, ¢=107.73A, alpha=80°, beta=90°, gamma=120°. The
DR5_54/11H8 structure is solved by molecular replacement using Phaser (McCoy &f al.,
(2007) J. Appl. Cryst. 40: 658-674) with DR5 structure 2HSG and NB construct 4E6 as
search models. The final model, which contains 2 molecule of the DR5_54/11HE complex
per asymmetric unit, is built in COOT (Emsley & Cowtan (2004) Acta Cryst. 60: 2126-
2132) and refined to R and Ryee values of 18.5% and 22.0%, respectively, with an rmsd of
0.002 A and 0.64° for bond lengths and bond angles, respectively, using PHENIX (Adams
et al., Acta Cryst. D86, 213-221 (2010)).

11.3. 4E6 and 11H6 recognize unique epitopes on DRS
[00606] The crystal structure of the 4E6/DR5_61 complex has been used to identify the
DRS epitope for the 4E6 construct. The interaction surface en DR5 is formed by three
discontinuous (i.e., honcontiguous) sequences: namely residues 77 through 80, residues
87 through 91, and residues 105 through 114, as detailed in Table 28A. These residues
form the three-dimensional surface that is recognized by the NB construct. Interactions
include backbone interactions, solvent mediated interactions, and direct sidechain
interactions. The amino acids whose sidechains are directly contributing to the
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interactions noted in Table 29A, The interaction surface contribution from the 4E6 NB
construct is formed by its N-ferminal residue 2, and three loop regions: residues 28
through 33, residues 53 through 59, and residues 98 through 115.  The contact residues
are listed in Table 29B.

[00607]

In Table 28A, DR5 residues that contain atoms in contact with the NB
construct, 4E6 are listed. Contact is defined to be within 5 Angstroms of the NB construct
to account for potential water mediated interactions. Amino acids whose sidechains
contribute directly to the interaction surface are noted with a “+".

10 Table 29A: DR5 Conformational Epitope for 4E6

15

Profein | Amino acid | Sequence position | Sidechain Interaction
DRS S 77
DR35S I 78 +
DR5 G 79
DR5 L 80 +
DR5 1 87 +
DRS5 S 88
DRS E 89
DRS D 90
DR5 G 91 +
DR5 T 105
DR5 H 106 +
DRS5 W 107 +
DR5 N 108
DR5 D 109 +
DRS L 110 +
DRS5 L il1 +
DRS F 112 +
DRS5 L 114 +
[00608] In Table 29B, residues in the NB construct 4E6 that are in contact with DR5

are listed. Contact is defined to be within 5 Angstroms of the NB construct to account for
potential water mediated interactions. Amino acids whose sidechains contribute directly
to the interaction surface are noted with a "+,

Tahle 29B: 4E6 amino acids in contact with DR5

Protein | Amino acid | Sequence position | Sidechain Interaction
4E6 v 2 +
4E6 T 28 +
4E6 G 30 +
4E6 S 31 +
4E6 I 32 +
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4E#6 R 33 +
46 R 53

4E6 N 54 +
4E6 Y 59

4E6 G Y +
4E6 L 100

4E6 Q 101 +
4E6 Y 102 +
4E6 N 103

426 R 104

4E6 A 105 +
4156 A 106 +
4E6 v Il +
4E6 Vv 114 +
4136 Y 115 +

[00609]  The crystal structure of the 11HB6/OR5_54 complex is used to identify the DR5
epitope for the 11HE construct. The interaction surface on DR5 is formed by two
discontinuous sequences, residues 86 through 102 and residues 111 through 118, and two
additional residues 74 and 125 as detailed in Table 30A. These residues form the three-
dimensional surface that is recognized by the NB construct. Interactions include backbone
interactions, sclvent mediated interactions, and direct sidechain interactions. The amino
acids whose sidechains are directly contributing to the interactions noted in Table 30A.
The interaction surface contribution from the 11H6 construct extends beyond the loop
regions observed for the 4E68 construct. Residues 30 through 37, residues 44 through 61
and residues 86 through 112 contribute to the binding surface of the 11H6 construct as
detailed in Table 30B. The 11HB6 construct’s [oop from residues 98 to 110 is in a very
different conformation than the corresponding loop from the 4E8 construct. This alternate
loop pesition provides a unique interaction surface for DR5 binding.

[00610] In Table 30A, DRS5 residues that contain atoms in contact with the 11H8
construct are listed. Contact is defined to be within 5 Angstroms of 11H6 to account for
potential water mediated interactions. Aminc acids whose sidechains contribute directly
to the interaction surface are noted with a "+”. Buried surface area is determined as a
percentage.

Table 30A: DR5 Conformational Epitope for 11H6

Protein Amino acid Sequence position Buried surface area (%)
DRS S 74
DRS H 86 +
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DR5 1 87
DRS5 S 88 +
DRS E 89 +
DRS D 00 +
DR5 R 92
DRS D 03 +
DRS 1 95 +
DR5 S 06
DRS K 98 +
DRS G 100
DRS Q 101 +
DRS D 102 +
DRS L 111 +
DRS5 F 112 +
DRS C 113
DRS R 115 +
DRS R 118 +
DR35S E 125

[00611] In Table 30B, residues in 11HB that are in contact with DR5 are listed. Contact
is defined to be within 5 Angstrems of the 11HE6 construct to account for potential water
mediated interactions. Amine acids whose sidechains contribute directly to the interaction
surface are noted with a “+”".

Table 308: 11H6 amino acids in contact with DRS

Protein Amino acid Sequence position | Sidechain Interaction
11H6 K 30 +
11H6 N 32 +
11H6 N 33 +
11H6 Y 37 +
11H6 Q 44 +
11H6 R 45
11H6 D 46 +
11Hé L 47 +
11H6 Q 50 +
1116 I 51
11H6 T 52 +
11H6 P 53
11H6 G 54
11H6 G 55
11H6 I 56 +
11H6 T 57
11H6 D 58 +
11H6 A 60 +
11H6 D 61
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11H6 N 96 +
11He6 E 98 +
itH6 L 100 +
11H6 Y 104
11H6 D 106
11H6 v 107 +
11H6 Y 108 +
11He6 N 110 +
11H6 W 112 +
EQUIVALENTS

[00612] One embodiment provides an isolated polypeptide comprising at feast one
monomer of a single variable domain of a NB agent that specifically binds to human DRS5.
[00613] One embodiment provides the polypeptide of paragraph [00612], wherein said
single variable domain is selected from the group tonsisting of a) singe variable domains
comprising one or more complementarity determining region 3 (CDR3) sequences
selected from any one or more of SEQ ID NOs: 63-88; b) single variable domains
comprising one or more complementarity determining region 3 (CDR3} sequences with
90% identity to at least one CDR3 selected from any one or more of SEQ ID NOs: 63-68;
and ¢) single variable domains comprising one or more complementarity determining
region 3 (CDR3) sequences with at least 95% identity to at least one CDR3 selected from
any one or more of SEQ ID NOs: 63-68.

[00614] One embodiment provides the polypeptide of paragraph [00612], wherein said
single variable domain is selected from the group consisting of a} singe variable domains
comprising one or more complementarity determining region 3 {CDR3) sequences
selected from any one or more of SEQ ID NOs: 41-44, 51-55 and 63-68; b) single variable
domains comprising one or more complementarity determining region 3 {CDR3)
sequences with at least 80% identity to at least one CDR3 selected from any one or more
of SEQ ID NOs: 41-44, 51-55 and 63-68; and c) single variable domains comprising one or
more complementarity determining region 3 (CDR3) sequences with at least 95% identity
to at least one CDRS3 selected from any one or more of SEQ ID NOs: 41-44, 51-55 and 63-
68 with at least 90% identity.

[00615] One embodiment provides the polypeptide of paragraph [00612], wherein said
single variable domain is selected from the group consisting of a) singe variable domains
with SEQ ID NOs; 1~ 5, 25, 30 and 87; and b) single variable domains with at least 85%
identity to at least one single variable domain with SEQ ID NOs: 1 - 5, 26, 30 and 87.
[00616] One embodiment provides an isolated polypeptide comprising at least three
monomers of a single variables domain that specifically binds te human DR5.
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[00617] One embodiment provides the polypeptide of paragraph [00616], wherein said
polypeptide comprises three identical monomers of the single variable domain and wherein
said single variable domain is selected from the group consisting of a} a single variable
domain comprising one or mere complementarity determining region 3 (CDR3) sequences
selected from any one or more of SEQ ID NOs: 63-68; b} singie variabie domains
comprising one or more complementarity determining region 3 (CDR3) sequences with at
least 80% identity to at least one CDR3 selected from any one or more of SEQ 1D NOs:
63-68; and ¢} single variable domains comprising one or more complementarity
determining region 3 (CbR3) sequences with at least 95% identity to at least one CDR3
selected from any one or more of SEQ ID NOs: 63-68 with at least 90% identity.

[00618] One embodiment provides the polypeptide of paragraph [00616], wherein said
polypeptide comprises three identical monomers of the single variable domain and wherein
said single variable domain is selected from the group consisting of a) singe variable
domains comprising one or more complementarity determining region 3 (CDR3)
sequences selected from any one or more of SEQ |D NOs: 41-44, 51-55 and 63-68; b)
single variable domaing comprising one or more complementarity determining region 3
(CDR3) sequences with at least 90% identity to at least one CDR3 selected from any one
or more of SEQ 1D NOs: 4144, 51-55 and 63-68; and c) single variable domains
comprising ohe or more complementarity determining region 3 (CDR3) sequences with at
least 95% identity to at least one CDR3 selected from any one or more of SEQ ID NOs:
41-44, 51-55 and 63-88 with at least 90% identity.

[00619] One embodiment provides the polypeptide of paragraph [00616], wherein said
polypeptide comprises three identical monomers of the single variable domain and wherein
said single variable domain is selected from the group consisting of a) singe variable
domains with SEQ ID NOs: 1 ~ 5, 26, 30 and 87; b) single variable domains with at least
90% identity to at least one single variable domain with SEQ (D NOs: 1 -5, 26, 30 and
87and c) single variable domains with at least 95% identity to at least one single variable
domain with SEQ 1D NOs: 1 -5, 26, 30 and 87.

[00820] One embodiment provides the polypeptide of paragraph [00616] comprising an
amino sequence that is selected from the group consisting of a) amino acid sequences
with SEQ ID NO: 6, 9, 12-14, 17, 20, 27 and 31; and b} amino acid sequences with at least
90% identity to said amino acid sequence with SEQ ID NO: 6, 9, 12-14, 17, 20, 27 and 31.
[00621] One embodiment provides the polypeptide of paragraph [00616] comprising an
amino sequence that is selected from the group consisting of a) amino acid sequences
with SEQ ID NO: 8, 9, 12-14, 17, 20, 27 and 31; and b} amino acid sequences with at least
90% identity to said amino acid sequence with SEQ ID NO: 6, 9, 12-14, 17, 20, 27 and 31.
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[00622] The polypeptide of paragraph 5 comprising an amino sequence that is selected
from the group consisting of a) amino acid sequences with SEQ ID NO: 6, 9, 12-14, 17, 20,
27 and 31; and b) amino acid sequences with at least 95% identity to said amino acid
sequence with SEQ ID NO: 8, 9, 12-14, 17, 20, 27 and 31.

[00623] One embodiment provides an isolated polypeptide comprising at least four
monomers of a single variable domain that specifically binds to human DR5.

[00624] One embodiment provides the polypeptide of paragraph [00623), wherein said
polypeptide comprises four single variable domains and wherein said single variable
domain is selected from one, two, three or four monomers from the group consisting of a)
singe variable domains with SEQ ID NOs: 1 - 5, 26, 30 and 87; b) single variable domains
with at least 90% identity fo said single variable domain with SEQ ID NCs: 1 -5, 26, 30
and 87; and ¢) single variable domains with 85% identity to said singie variable domain
with SEQ {D NOs: 1 — 5, 26, 30 and 87.

[00625] One embodiment provides the polypeptide of paragraph [00623], wherein said
polypeptide comprises four identical single variable domains and wherein said single
variable domain is selected from the group consisting of a) singe variable domains with
SEQ ID NOs: 1 -5, 26, 30 and 87; b) single variable domains with at least 90% identity to
said single variable domain with SEQ {D NOs: 1 -5, 26, 30 and 87; and ¢) single variable
domains with 95% identity to said single variable domain with SEQ ID NOs: 1 -5, 26, 30
and 87,

[00626] One embodiment provides the polypeptide of paragraph [00623), wherein said
polypeptide comprises four identical single variable domains and wherein said single
vaniable domain is selected from the group consisting of a) singe variable domains with
SEQ ID NOs: 1 -5, 26, 30 and 87; and b) single variable domains with at least 95%
identity to at least one single variable domain with SEQ ID NOs: 1 — 5, 26, 30 and 87.
[00627] One embodiment provides the polypeptide of paragraph [00623] comprising an
amino sequence that is selected from the group consisting of a) an aminoc acid sequence
of SEQ 1D NO: 88; b) amino acid sequences with at least 90% identity to said amino acid
sequence with SEQ ID NO: 88; and ¢) amino acid sequences with 85% identity to said
amino acid sequence with SEQ ID NO: 88.

[00628] One embodiment provides the polypeptide of paragraph [00623] comprising an
amino sequence that is selected from the group consisting of a) amino acid sequences
with SEQ ID NO: 7, 10, 15, 18, 21, 28 and 32; b) amino acid sequences with at [east 90%
jdentity to said amino acid sequence with SEQ ID NO: 7, 10, 15, 18, 21, 28 and 32; and ¢)
amino acid sequences with 95% identity to said amino acid sequence with SEQ 1D NO: 7,
10, 15, 18, 21, 28 and 32.
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[00629] The polypeptide of paragraph [00623] comprising a humanized amino
sequence that is selected from the group consisting of a) amino acid sequences with SEQ
ID NO: 28; b) amino acid sequences with SEQ (D NO: 32; and b} amino acid sequences
with at least 95% identity to said amino acid sequence with SEQ (D NO: 28 and 32.
[60630] One embodiment provides an isolated polypeptide comprising at least five
monomers of a single variable domain that specifically binds to human DRS5.

[00631] One embodiment provides the polypeptide of paragraph [00630], wherein said
polypeptide comprises five single variable domains and wherein said single variable
domain is selected from one, two, three, four or five monomers of the group consisting of
a) singe variable domains with SEQ 1D NOs: 1 -5, 26, 30 and 87; b) single variable
domains with at least 80% identity to said single variable domain with SEQ ID NOs: 1 -5,
26, 30 and 87; and c¢) single variable domains with at least 95% identity to said single
variable domain with SEQ (D NOs: 1 -5, 28, 30 and 87 with at least 90% identity.

[00632] One embodiment provides the polypeptide of paragraph [00630], wherein said
polypeptide comprises five identical single variable domains and wherein said single
variable domain is selected from the group consisting of a} singe variable domains with
SEQ ID NOs: 1 ~5, 26, 30 and 87; b) single variable domains with at least 90% identity to
said single variable domain with SEQ 1D NOs: 1 - 5, 26, 30 and 87; and b) single variable
domains with 95% identity to said single variable domain with SEQ 1D NOs: 1 - 5, 26, 30
and 87.

[00633] One embodiment provides the polypeptide of paragraph [00830], wherein said
polypeptide comprises five single variable domains and whergin said single variable
domain is humanized, and said humanized domain is selected from the group consisting of
a) singe variable domains with SEQ 1D NOs: 26 and 30; b) single variable domains with at
least 90% identity to at least one single variable domain with SEQ ID NOs: 26 and 30; and
b) single variable domains with at least 95% identity to at least one single variable domain
with SEQ {D NOs: 26 and 30.

[00634] One embodiment provides the polypeptide of paragraph [00630] comprising an
amino sequence that is selected from the group consisting of a) amino acid sequences
with SEQ ID NO: 8, 11, 16, 19, 22, 28 and 33; b) amino acid sequences with at least 0%
identity to said amino acid sequence with SEQ ID NO: 8, 11, 16, 19, 22, 29 and 33; and c)
amino acid sequences with 95% identity to said amino acid sequence with SEQ ID NO: 8,
11, 16, 19, 22, 29 and 33.

[00635] One embodiment provides the polypeptide of paragraph [00630] comprising an
amino sequence that is selected from the group consisting of a) amino acid sequence of
SEQ 1D NO: 29; b) amino acid sequences with at least 90% identity to said amino acid
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sequence with SEQ 1D NO: 29; and b) amino acid sequences with 95% identity to said
amino acid sequence with SEQ ID NO: 29.

[00636] One embodiment provides the polypeptide of paragraph [00630] comptising an
amino sequence that is selected from the group consisting of a) amino acid sequences
with SEQ ID NO: 33; b) amino acid sequences with at least 80% identity to said amino acid
sequence with SEQ ID NO: 33; and b) amino acid sequences with at least 85% identity to
said amino acid sequence with SEQ ID NO: 33.

[00637] One embodiment provides an isolated polypeptide comprising three or four or
five monomers of a single variable domain that specifically binds to human DRS and
wherein said polypeptide has an in vitro potency (ICs,) against a panel of at least 2 tumor
cell lines selected from the group consisting of Colo205, Jurkat, Molt4, H2122, H226 and
H2052 that is equai or lower than 100nM.

[00638] One embediment provides the polypeptide of paragraph [00637], wherein said
polypeptide has an in vitro potency that is equal or lower than 10 nM.

[00639] One embodiment provides the polypeptide of paragraph [00637], wherein said
polypeptide has an in vitro potency that is equal or lower than 1 nM.

[00640] One embodiment provides the polypeptide of paragraph [00637], wherein said
polypeptide has an in vitro potency that is equal or lower than 100 pM.

[00641] One embediment provides the polypeptide of paragraphs [00837] to [00640],
wherein said polypeptide has an in vitro potency (ICs) against a panel of at least 3 non-
tumor cell lines selected from the group consisting of Malme-3, WI-38, ARPE-19, 184Af1,
Huvec, HAAE-1 that is equal of greater than 20nM.

[00642] One embediment provides the polypeptide of paragraphs [00637] to [00840],
wherein said polypeptide has an in vitro potency (ICsp) against a panel of at least 3 non-
tumor cell lines selected from the group consisting of Malme-3, WI-38, ARPE-19, 184A1,
Huvec, HAAE-1 that is equal of greater than 100 nM.

[00643] ©ne embodiment provides the polypeptide of paragraphs [00637] to [00642],
wherein said polypeptide comprises three or four or five monomers of a single variable
domain and wherein said single variable domain is selected from the group consisting of a)
singe variable domains with SEQ 1D NOs: 1~ 5, 26, 30 and 87; and b) single variable
domains with at least 90% identity to said single variable domain with SEQ ID NOs: 1 - 5§,
26, 30 and 87.

[00644] The polypeptide of paragraphs [00637] to [00642], wherein said polypeptide
comprises three or four or five monomers of a single variable domain and wherein said
single variable domain is humanized and selected from the group consisting of a) singe
variable domains with SEQ ID NOs: 26 and 30; b) single variable domains with at least
90% identity to said single variable domain with SEQ ID NOs: 26 and 30; and b) single
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variable domains with at least 95% identity to said single variable domain with SEQ 1D
NOs: 26 and 30.

[00645] One embodiment provides the polypeptide of paragraphs [00637] to [00642],
wherein said polypeptide is selected from the group consisting of a) the polypeptide
selected from any one or more of SEQ ID NOs: 27, 28 and 29; b) a polypeptide with at
least 95% identity to at least one polypeptide selected from any one or more of SEQ ID
NOs: 27, 28 and 29; ¢) the polypeptide selected from any one or more of SEQ ID NOs; 31,
32 and 33; and d} a polypeptide with at least 95% identity to at least one polypeptide
selected from any one or more of SEQ ID NOs: 31, 32 and 33. .
[00646] One embodiment provides an isolated polypeptide comprising an amino
sequence that is selected from the group consisting of one or more amino acid sequences
of SEQ ID NO: 1 through 22, 26 through 33, 87 and 88.

[00647] One embodiment provides the isolated polypeptide according to any of the
preceding paragraphs [00612] to present, wherein said polypeptide does not fully or
partially compete with the natural ligand of the DRS in a competitive binding assay.
[00648] One embodiment provides the isolated polypeptide according to any of the
preceding paragraphs [00612] to present, wherein said polypeptide does fully or partially
compete with the natural ligand of the DR5 in a competitive binding assay.

[00649] One embodiment provides the isolated polypeptide according to paragraphs
[00612], [00616], [00623], [00630], [00637) or [00648], comprising at least cne
complementarity determining region (CDR) having at least 60, 70, 80, 90, 85 or 100
percent sequence identity with at least one of the CDR regions depicted in any of SEQ D
NO: 41 to 44 {CDR1); SEQ ID NO: 51 to 55 (CDR2); SEQ ID NO: 63 to 68 {CDR3), more
preferably SEQ ID NO: 51 to 55 and SEQ ID NO: 63 to 68.

[00650] One embodiment provides the isolated polypeptide according to paragraphs
[00612], {00616), [00623), [00630), [00637) or [00648), comprising COR1 to CDR3 regions
having at least 90, 85 or 100 percent sequence identity respectively with the CDR regions
depicted in any of SEQ ID NO: 41 to 44 (CDR1); SEQ ID NO: 51 to 55 (CDR2); SEQ ID
NO: 63 to 68 (CDR3).

[00651] One embodiment provides the isclated polypeptide according to any of
paragraphs [00612], [00618), [00623), (00630}, {00637] or [00648), comprising or
essentially consisting of an amino acid sequence having at least 90, 95 or 100 percent
sequence identity with any of sequences as depicted in SEQ 1D NO: 26 to 33.

[00652] One embodiment provides the isolated polypeptide according to any of
paragraphs [00612), [00616), [00623], {00630], [00637] or [00648], comprising a CDR3
region according to SEQ ID NO: 64 or SEQ ID NO: 66,
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[00653] One embodiment provides the isolated polypeptide according to any of
paragraphs [00612], [00616], [00623), [00630], [00637] or {00648], a CDR1, CDR2 and
CDR3 region identical respectively to the CDR regions depicted in SEQ ID NO: 41 to 44
{CDR1); SEQ ID NO: 51 to 55 (CDR2); SEQ ID NO: 63 to 68 (CDR3) or variant COR
regions with 1, 2, 3, 4 or 5 amino acid substituted, deleted or inserted when compared to
original CDR regions as depicted therein.

[60654] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612] to present that is an immunoglobulin or a fragment thereof.

[00655] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612] to present that is a humanized immunogliobulin, a camelized
immunoglobulin or an immuncglobulin obtainable by affinity optimization technique, or a
fragment thereof,

[00658] ©One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612)] to present that essentially consists of a light chain variable domain
sequence, e.g., a Vi -sequence; or of a heavy chain variable domain sequence, e.g., a V-
sequence.

[00667] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00812] to present that essentially consists of a heavy chain variable domain
sequence that is derived from a conventional four-chain antibody or that essentially
consists of a heavy chain variable domain sequence that is derived from heavy chain
antibody.

[00658] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612] to present that essentially consists of a domain antibody, a single
domain antibody, a dAb and a camelid antibody or fragment, including but not limited to a
Vuy Sequence.

[00659] One embodiment provides the isclated polypeptide according to any preceding
paragraphs [00612] to present that essentially consists of a Vi, sequence.

[00660] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612] to present that essentially consists of a Vi, sequence that,

a) has at least 90% amino acid identity with at least one of the amino acid
sequences of SEQ ID NO's 1-22, 26-40, 87-88, and 103-104, in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that form the CDR
sequences are disregarded; and in which:

b} optionally one or more of the amino acid positions 11, 37, 44, 45, 47, 83, 84,
103, 104 and 108 according to Kabat numbering are humaneered.
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[00661] One embodiment provides the isolated polypeptide accerding to any one or
more of the preceding paragraphs [00612] to present that essentially consists of a Vyy
sequence that:

a) has at least 80% amino acid identity with at least one of the amino acid
sequences of SEQ ID NO’s 1-22, 2640, 87-88, and 103-104, in which for the purposes of
determining the degree of amino acid identity, the amine acid residues that form the CDR
sequences are disregarded; and in which

b) optionally the contacts between DRS5 and the Vyuy sequence are selected from:

i) the DRS conformational epitope comprising the residues in Table 29A;
i) the DR5 conformational epitope comprising the residues in Table 30A,;
iif} the interaction surface of the V,;; amino acids as listed in Table 298; and
iv) the interaction surface of the Vi, amino acids as listed in Table 30B.
[60662] One embodiment provides the isolated polypeptide according to any preceding
paragraphs [00612] t0 present that essentially consists of a humanized V,, sequence.
[00663] One embeodiment provides the compound that comprises or essentially
consists of one er more polypeptide according to any of any preceding paragraphs [00612}]
to present, and eptionally further comprises one or more other groups, residues, moieties
or binding units, wherein said compound is capable of enhancing cell apoptosis.
[00664] One embediment provides the compound of paragraph [00663], which has an
[Cso less than 100nM, preferably less than 10nM, more preferably less than 1nM, even
more preferably less than 100pM, e.g. below 10pM as, e.g., measured in Colo205 cell
survival assay.
[00665] One embodiment provides the compound of paragraphs [00663] or [00664],
wherein the corresponding monovalent binding polypeptide is not as potent as the
multivalent polypeptide as measured, e.g., in Colo205 cell based survival assay.
[00666] One embodiment provides the compound of any of paragraphs [00663] or
[00665], wherein said at least three, four, five or more menovalent binding pelypeptides
can each bind human DR5 in a monovalent format.
[00667] One embodiment provides the compound of any of paragraphs [00663] or
[00665), wherein said at least three, four, five or more monovalent binding polypeptides
can each bind human DRS5 in a monovalent format but does not bind to TRAIL-R3 and/or
TRAIL-R4 receptors.
[00668] One embodiment provides the compound of any of paragraphs [00663] or
[00665], wherein said at least three, four, five or more menovalent binding polypeptide can
each bind DR5 in a monovalent format and competes in a binding assay with natural
TRAIL ligand.
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[00669] One embodiment provides the compound of any of paragraphs [00663] or
[00665], wherein said at least three, four, five or more monovalent binding polypeptides
are all directed against the same binding region of human DR5.

[00670] One embodiment provides the compound of any of paragraphs [00663) or
[00664), wherein said at [east one monovalent binding polypeptide is directed against one
binding region of DR5 and at least one other monovalent binding polypeptide is directed
against another distinct binding region of DR5 or a binding region of ancther DR5.
[00671] One embodiment provides the compound of any of paragraphs [00663] or
[00664], wherein said at least three, four, five or more monovalent binding polypeptides
have substantially identical amino acid sequences.

[00672] One embodiment provides the compound of any of paragraphs [00663] or
[00664), which essentially consists of a single chain polypeptide and wherein said at least
three, four, five or more monovalent binding single variable domains are linked together via
peptidic linker.

[00673}] One embadiment provides the compound of paragraph [00872], wherein said
linker consists essentially of a peptide comprising between 5 and 50 amino acid residues.
[00674] One embodiment provides the compound of any of paragraphs [00663) or
[00665), wherein said one or more other groups, residues, moieties or binding units are
polypeptides, optionally linked via one or more linkers.

[00675] One embodiment provides the compound of any one of paragraphs [00612] to
[00674], wherein said one or more linkers are peptidic or polypeptidic finkers.

[00676] One embodiment provides the compound of paragraph [00675], wherein said
one or more other groups, residues, moieties or binding units are selected from the group
consisting of a domain antibody, a single domain antibody, a dAb and a camelid antibody
or fragment thereof, including but not limited to a Vyyy sequence.

[00677] One embodiment provides the compound of any of paragraphs [00663] to
[00677], wherein said one or more other groups, residues, moieties or binding units
provide the compound with an increased half-life when administered in a mammalian
organism, compared to the same compound without said one or more other groups,
residues, moieties or binding units.

[00678] One embodiment provides an isolated nucleic acid that encodes either (1) a
polypeptide comprising the amino acid sequence of the polypeptide as defined in any of
paragraphs [00612]-[00662] or (2} a compound according to any of paragraphs [00663] to
[00677].

[00679] One embodiment provides a host cell that expresses, or that under suitable
circumstances is capable of expressing the nucleic acid of paragraph [00678).
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[00680] One embodiment provides a method for producing the DRS binding
polypeptide of any of paragraphs [00612] to [00662], or the compound of any of
paragraphs [00663] to [00677), comprising:

a) expressing, in a suitable host cell or a non-human host arganism, the nucleic
acid of paragraph [00678], and

b) isolating and/or purifying said DR5 binding polypeptide or compound.

[00681] One embodiment provides the polypeptide according to any of paragraphs
[00612] to [006862] or compound according to any of paragraphs [00663] to [00677)], for use
as a drug.

[00682] One embodiment provides the polypeptide of paragraph [00681], for use as an
anti-canhcer therapeutic.

[00683] One embodiment provides a composition comprising at ieast a polypeptide of
any of paragraphs [00612] to {00662], or a compound of any of paragraphs [00863] to
[00877] and at least one pharmaceutically acceptable carrier, diluent or excipient and/or
adjuvant.

[00684] One embodiment provides a method for the prevention andfor treatment of a
disorder that can be treated by enhancement of cell apoptosis, said method comprising
administering, to a subject in need thereof, a pharmaceutically effective amount of at least
one polypeptide according to any of paragraphs [00612]-[00662], or of at least one
compound according to any of paragraphs [00663] to [00677].

[00685] One embodiment provides the method of paragraph [00684], wherein said
disorder is a proliferative disease.

[00686] One embodiment provides the method of paragraph [00885], wherein said
proliferative disease is selected from;

a) one or more solid cancers selected from primary and metastatic cancers such
as renal cell carcinoma, and cancers of the lung (e.g., small cell lung ¢cancer “SCLC" and
non-small cell lung cancer “NSCLC"), pancreas, hematopoietic malignancy, glioma,
astrocytoma, mesothelioma, colorectal cancers, prostate cancer, osteosarcoma,
melanoma, lymphoma lymphoma (including but not limited to Burkitt's Lymphoma), breast
cancer, endometrial cancer, liver cancer, gastric cancer, skin cancer, ovarian cancer and
squamous cell cancers of any origin (including but not limited to squamous cell cancers of
the lung, head and neck, breast, thyroid, cervix, skin, and/or esophageal); and

b) one or more liquid cancers selected from leukemias including especially a T-cell
leukemia such as acute T-cell leukemia (T-ALL), acufe B-ceil leukemia (B-ALL), chronic
myelogenous leukemia (CML), acute myelogenous leukemia (AML), plasma cell myeloma
and muitiple myeloma (MM).
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[00687] One embodiment provides the method of paragraph {00685], wherein said
proliferative disease is one or more non-cancer indications, said indications comprising
one or more of inflammatory and autoimmune diseases, such as systemic lupus
erythematosus, Hashimoto's disease, rheumatoid arthiitis, graft-versus-host disease,
Sjogren's syndrome, pernicious anemia, Addison disease, scieroderma, Goodpasture's
syndrome, Crohn's disease, autcimmune hemolytic anemia, sterility, myasthenia gravis,
multiple sclerosis, Basedow's disease, thrombotic throbocytopenia, thrombopenia
purpurea, insuiin-dependent diabetes mellitus, allergy; asthma, atopic disease;
arteriosclerosis; myocarditis; cardiomyopathy; globeruta nephritis; and hypoplastic anemia.
[00688] One embodiment provides the method of paragraph [00686], wherein the
proliferative disease is pancreatic cancer.

[00689] One embodiment provides the method of paragraph [00686], wherein the
proliferative disease is T-ALL.

[00630] One embodiment provides the method of paragraph [D0686], wherein the
proliferative disease is mesothelioma.

[00681] One embodiment provides the method of paragraph {00686}, wherein the
proliferative disease is squamous cell carcinoma of any tissue origin.

[00682] Cne embodiment provides the method of paragraph [00686], wherein the
proliferative disease is AML.

[00623] One embodiment provides the method of paragraph [00686], wherein the
proliferative disease is melanoma.

[00694] One embodiment provides the method of paragraph [00686], wherein the
proliferative disease is myeloma.

[00688] One embodiment provides a composition comprising the polypeptide according
to any of paragraphs {00612]-{00662] or at least one compound according to any of
paragraphs [00663] to [00677], said composition in combination with at least one inhibitor
of any one or more genes selected from clAP1, clAP2, XIAP, cFLIP and Bel-xL.

[00686] One embodiment provides the composition of paragraph [00695], wherein the
inhibitor is an inhibitor of clAP1.

[00697] One embodiment provides the composition of paragraph [00696] further
comprising an inhibitor of MEK.

[00698] One embodiment provides the composition of paragraph [006986] further
comprising an inhibitor of BRAF,

[00699] One embodiment provides the composition of paragraph [00695], wherein the
inhibitor is an inhibitor of XIAP.

[00700] One embodiment provides the compaosition of paragraph [00695], wherein the
inhibitor is an inhibitor of cFLIP.
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[00701] One embodiment provides the composition of paragraph [00695)], wherein the
inhibitor is a low molecular weight compound selected from LCL161 and ABT283.
[00702] One embodiment provides the composition of paragraph [00695], wherein the
inhibitor is a shRNA.
[00703]) One embodiment provides a method for using any one or more of the
compositions of paragraph [00683], the method comprising administering to a subject in
need thereof a pharmaceutically effected amount of said composition or combination
thereof for the treatment of a DRS5 associated disease.
[00704] One embodiment provides the method of paragraph [00703] wherein the DRS
associated disease is selected from one or more of the following:

a) one or more proliferative diseases selected from solid and liquid cancers,

{i) wherein solid tumors include primary and metastatic cancers such as renal
cell carcinoma, and cancers of the lung {e.g., small cell lung cancer "SCLC” and non-small
cell lung cancer “NSCLC"), pancreas, hematopoietic malignancy, glioma, astrocytoma,
mesothelioma, colorectal cancers, prostate cancer, osteosarcoma, melanoma, lymphoma
including but not limited to Burkitt's lymphoma), breast cancer, endometrial cancer, liver
cancer, gastric cancer, skin cancer, ovanan cancer and squamous cell cancers of any
ongin {including but not limited fo squamous cell cancers of the lung, head and neck,
breast, thyroid, cervix, skin, and/or esophageal); and

(i) wherein liquid cancers comprise leukemias including especially a T-cell
letukemia such as acute T-cell leukemia (T-ALL), acute B-cell leukemia (B-ALL), chronic
myelogenocus leukemia (CML), acute myelogenous leukemia (AML), plasma cell myeloma
and multiple myeloma (MM); and

b} norn-cancer indications comprising one or mare of inflammatory and autoimmune
diseases, such as systemic lupus erythematosus, Hashimoto's disease, rheumatoid
arthritis, graft-versus-host disease, Sjogren's syndrome, pernicicus anemia, Addison
disease, scleroderma, Goodpasture's syndrome, Crohn's disease, autoimmune hemolytic
anemia; sterility, myasthenia gravis, multiple sclerosis, Basedow's disease, thrombotic
throbocytopenia, thrombopenia purpurea, insulin-dependent diabetes mellitus, allergy;
asthma, atopic disease; arteriosclerosis; myocarditis; cardiomyopathy; globerula nephritis;
and hypoplastic anemia.

[00705] One embodiment provides the isolated polypeptides according to any one or
more of the preceding paragraphs [00612] to present wherein the CDRs are calculated
according {o either Kabat and/or Chothia rules.

[06706] One embodiment provides the isolated polypeptides according to any one or
more of the preceding paragraphs [00612] through the present wherein the polypeptide
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binds one or more epitopes as provided in Tables 29A and/or 30A, and/or comprises the
interactive surface residues as provided in Tables 298 and/or 30B.

[00707] The following claims of the invention are non-limiting. Certain variations to the
invention may be contemplated that are within the abilities of cne skilled in the art,
including but not fimited to changes in formulations, delivery, humanization, expression
systems and the like. Such vanations are considerad to be within the scope of the
invention.
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What is claimed is:

1. An isolated polypeptide comprising at least one monomer of a single variable domain
comprising the sequence of the complementarity determining region 3 (CDR3) sequence of
SEQ ID NO: 66, the sequence of the complementarity determining region 2 {CDR2)
sequence of SEQ ID NO: 53, and the sequence of the complementarity determining region 1
(CDR1) sequence of SEQ 1D NO: 43, wherein the isolated polypeptide specificaily binds to

human DR5.
2. The polypeptide of claim 1, wherein said single variable domain comprises:
(a) the sequence of SEQ |ID NO: 30; or

(b) the sequence of SEQ ID NO: 30 wherein one or more of the amino acid positions 1-30,
36-49, 66-97 and/or 112-122 have been substituted, modified or deleted and/or wherein cne
or more amine acids have been inserted between any amino acids at 1-30, 36-49, 66-97

and/or 112-122.

3. An isolated polypeptide comprising at least three, at least four, or at least five monomeric
subunits of a single variable domain that specifically binds to human DR5, wherein said
subunits are linked by a linker, and wherein the variable domain comprises the sequence of
the complementarity determining region 3 (CDR3) sequence of SEQ ID NO: 66, the
sequence of the complementarity determining region 2 (CDR2) sequence of SEQ 1D NO: 53,
and the sequence of the complementarity determining region 1 (CDR1) sequence of SEQ ID

NO: 43.

4. The polypeptide of claim 1, wherein said single variable domain comprises the sequence

of SEQ ID NO: 30.

5. The polypeptide of claim 3 wherein the single variable domain comprises the amino acid
sequence of SEQ ID NO: 30 wherein one or more of the amino acid positions 1-30, 36-49,

66-97 and/or 112-122 have been substituted, modified or deleted, and/or wherein one or
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more amino acids have been inserted between any amino acids at 1-30, 36-49, 66-97 and/or

112-122.

6. An isolated polypeptide comprising the amino acid sequence of SEQ |ID NO: 5, 20, 21, 22,

30, 31, 32, 33, or 87.

7. A composition comprising an isolated polypeptide comprising at least one monomer of a
single variable domain that specifically binds to human DRS, wherein the single variable
domain comprises complementarity determining region (CDR) sequences having the
sequences of SEQ ID NO: 43 (CDR1); SEQ ID NO: 53 (CDR2); and SEQ ID NO: 66
{CDR3), further comprising at least one pharmaceutically acceptable carrier, diluent or

excipient andfor adjuvant.

8. The isolated polypeptide according to claim 1 that is a humanized immunoglobulin, a
camelized immunoglobulin or an immunoglobulin obtainable by an affinity optimization

technigque, or a fragment thereof.
9. An isolated polypeptide that has:
{a) the amino acid sequence of SEQ ID NO: 30; or

(b) the amino acid sequence of SEQ ID NO: 30, in which one or more of the amino acid
positions 11, 37, 44, 45, 47, 83, 84, 112, 113 and 117 of SEQ ID NO: 30 are humaneered,
substituted, modified or deleted and/or wherein one or more amino acids have been inserted
between any aminc acids at 1-30, 36-49, 66-97 and/or 112-122, wherein the isolated

polypeptide specifically binds to human DRS5.
10. An isolated polypeptide comprising one or more copies of:
(a) the sequence of SEQ D NO: 30; and/or

(b) the sequence of SEQ ID NO: 30 wherein one or more of the amino acid positions 1-30,
36-49, 66-97 and/or 112-122 have been substituted, modified or deleted, and/or wherein one

or more amine acids have been inserted between any amino acids at 1-30, 36-49, 66-37
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and/or 112-122, and wherein the isolated polypeptide is capable of enhancing cell apoptosis

and wherein the isolated polypeptide specifically binds to human DR5.

11. The polypeptide according to claim 10, wherein the polypeptide comprises at least three,
four, five or more copies of the sequence of SEQ ID NO: 30 wherein one or more of the
amino acid positions 1-30, 36-49, 66-97 and/or 112-122 have been substituted, modified or
deleted, and/or wherein one or more amino acids have been inserted between any amino
acids at 1-30, 36-49, 66-97 and/or 112-122, and wherein the copies constitute monovalent

binding polypeptides that are all directed against the same binding region of human DR5.

12. An isolated polypeptide comprising at least three, four, five or more copies of the
sequence of SEQ ID NO: 30 wherein one or more of the amino acid positicns 1-30, 36-49,
66-97 andfor 112-122 have been substituted, modified or deleted and/or wherein one or
more amino acids have been inserted between any amino acids at 1-30, 36-49, 66-37 and/or
112-122, wherein the isolated polypeptide is capable of enhancing cell apoptosis and
wherein the copies constitute monovalent binding polypeptides that are all directed against
the same binding region of human DR5, and wherein the said isolated polypeptide

specifically binds to human DR5.
13. The polypeptide according to claim 10 for use as a drug.
14. The polypeptide of claim 10, for use as an anti-cancer therapeutic.

15. A composition comprising the polypeptide of claim 10, further comprising at least one

pharmaceutically acceptable carrier, diluent or excipient and/or adjuvant.

16. A polypeptide comprising the CDR1 sequence of SEQ ID NO: 43, the CDR2 sequence of
SEQ ID NO: 53, and the CDR3 sequence of SEQ ID NO: 66, wherein the polypeptide is
capable of contacting, within 5 Angstroms, amino acids H86, S88, E89, D0, D93, 195, K98,

Q101, D102, L111, F112, R115, and R118 of a DR5 polypeptide of SEQ ID NO: 89.

17. The polypeptide of claim 3 wherein the single variable domain comprises the amino acid

sequence of SEQ |D NO: 30.



