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Amino acid sequences directed against RANK-L and polypeptides comprising the
same for the treatment of bone diseases and disorders.

The present invention relates to amino acid sequences that are directed against
(as defined herein) Receptor Activator of Nuclear factor Kappa B Ligand (RANK-L, also
called tumor necrosis factor-related, activation-induced cytokine (TRANCE), osteoclast
differentiation factor (ODF), osteoprotegerin ligand (OPG-L) or tumor necrosis factor
superfamily member 11(TNFSFI 1)), as well as to 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 herein as "amino acid sequences of the
invention”, "compounds of the invention", and "polypeptides of the invention",
respectively).

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

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

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Remodelling (turnover) of bone is the process by which the adult skeleton is
continually being resorbed (removed) and formed (replaced). Bone remodeling involves
the synthesis of bone matrix by osteoblasts and its resorption by osteoclast cells.
Osteoclasts, derived from hematopoetic cells, are unique forms of tissue macrophages
that have the capacity to resorb bone tissue. Osteoblasts are specialized fibroblasts that
have the capacity of secreting bone collagen. There is an exquisite coordination among
the activities of these bone cells that link the processes of bone formation and bone
resorption.
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Bone remodelling is controlled by a balance between RANK-L/RANK and the
RANK-L decoy receptor OPG. RANK-L and its receptor RANK are essential for the
development and activation of osteoclasts. OPG, a secreted protein, is an effective
inhibitor of osteoclast maturation and osteoclasts activation. In normal bone

homeostasis, RANK-L and OPG participate in a cytokine axis that tightly controls the

generation of osteoclasts from
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monocyte precursors, RANK-L, expressed by osteoblasts and bone marrow stromal cells,
binds to its functional receptor, RANK, to stimulate differentiation of osteoclasts from
precursor cells and the proliferation and activity of mature osteoclasts. OPG, which is
expressed by osteoblasts, stromal cells, dendritic cells, and megakaryocytes, limits this
process by acting as a soluble decoy receptor for RANK-L.

The TNF family molecule RANK-L is encoded by a single gene (rank/) at human
chromosome 13q14. RANK-L mRNA is expressed at highest levels in bone and bone
marrow, as well as in lymphoid tissues (lymph node, thumus, spleen, fetal liver, and Peyer’s
patches) (Anderson et al. 1997, Nature 390; 175-179; Wong et al. 1997, J. Biol. Chem. 272;
25190-25194; Lacey et al. 1998, Cell 93: 165-176; Yasuda et al. 1998, Proc. Natl. Acad. Sci.
USA 95:3597-3602). Alternative splicing ol RANK-L mRNA allows expression as a type 11
transmembrane glycoprotein of either 316 or 270 amino acids or as a soluble ligand of 243
amino acids (Kong et al. 1999, Nature 397: 315-323; Nagai et al. 2000, Biochem Biophys.
Res. Commun. 269: 532-536). In addition, RANK-L can be released from its membrane
bound state by metalloproteinases, including TNF-alpha convertase (Lum et al, 1999, J. Biol.
Chem. 274: 13613-13618). All four isoforms of RANK-L associate into trimeric molecules
capablc of triggering ostcoclastogencsis.

RANK (receptor activator of NFkappaB also known as TRANCE-R, ODAR, or
TNFRSF11A), expressed on preosteoclastic cells, is the sole receptor on these cells for
RANK-L (Li et al. 2000, Proc. Natl. Acad. Sci. USA 97: 1566-1571). RANK activation by
RANK-L is [ollowed by its interaction with TNF receptor-associated (TRAF) (amily
members, activation of nuclear factor (NF)-kappaB and c-Fos, JNK, c-src, and the
serine/threonine kinase Akt/PKB (Anderson et al. 1997, Nature 390: 175-179; Hsu et al.
1999, Proc. Acad. Sci. USA 96: 3540-3545).

OPG (osteoprotegerin; “protector of the bone”; also known as osteoclastogenesis
inhibitory factor (OCIF)) is a soluble, 110-kDa, disulfide-linked, homodimeric glycoprotein
produccd and rclcascd by activated ostcoblast cells (Simonct ct al. 1997, Ccell 89: 309-319)
with homology to the TNF receptor family, that functions as a decoy receptor for RANK-L
and competes with RANK for RANK-L binding. Consequently, OPG is an effective inhibitor
of osteoclast maturation and osteoclast activation (Simonet et al. 1997, Cell 89: 309-319;
Lacey et al. 1998, Cell 93: 165-176; Kong et al. 1999, Nature 397: 315-323), thereby

reducing bone resorption.
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A more detailed overview of the OPG/RANK-L/RANK system as the mediator of
bone formation and destruction is presented in Khosla, (2001 Endocrinology 142: 5050-
5055), Holstead Jones et al. (2002, Ann. Rheum. Dis. 61 (Suppl II): 1i32-ii39), Bezerra et al.
(2005, Brazilian J. Med. Biol. Res. 38: 161-170) and McClung (2006, Current Osteoporosis
Reports 4: 28-33).

Several bone disorders occur when there is an imbalance between the resorption and
formation components of bone remodeling activity (uncoupling of bone homeostasis).
Imbalances between osteoclast and osteoblast activities can arise from a wide variety of
hormonal changes or perturbations ol in{lammatory and growth [actors, such as e.g. an
altered balance between OPG and RANK-L. When bone resorption is greater than bone
formation, there is a net loss ol bone over time, This can eventually resultl in low bone mass
(osteopenia) or osteoporosis. When bone formation exceeds resorption, there is a net increase
in bone mass (osteopetrosis).

Excessive bone loss or destruction due to higher RANK-L, lower OPG or both has
been implicated in many disease states, including post-menopausal osteoporosis (Eghbali-
Fatourechi et al. 2003, Journal of Clinical Investigation 111: 1221-1230; Tsangari et al. 2004,
Bonc 35: 334-342; Abdallah ctal. 2005, Calcificd Tissuc Intcrnational 76: 90-97), primary
hyperparathyroidism (Stilgren et al. 2004, Bone 35: 256-265; Johnell et al. 2005, Journal
of Bone and Mineral Research 20: 1185-1194), Paget's disease of bone (Reddy 2004,
Journal of Cellular Biochemistry 93: 688-696), metastatic bone disease (Brown 2004,
Cancer Treatment and Research 118: 149-172), myeloma (Okada et al. 2003, Clinical and
Experimental Metastasis 20: 639-646), theumatoid arthritis (Crotti et al. 2002, Annals of the
Rheumatic Diseases 61: 1047-1054) and several other metabolic or inflammatory bone and
joint disorders (Locklin et al. 2001, Bone 28 (Suppl.): S80; Lewiecki 2006, Expert Opin.
Biol. Ther. 6: 1041-1050).

Pharmacological agents to decrease risk of fracture have been available for more than
ten years. Anticatablolic drugs (ocstrogens, bisphosphonates, calcitonin and sclective
oestrogen receptor modulators) decrease bone resporption, while anabolic agents, such as
recombinant human parathyroid hormone (PTH), increase bone formation and bone size. The
biophosphonate class of drugs is the one most often used for the treatment of osteoporosis.
Although this drug class is generally very safe, oral dosing is complex and has been

associated with gastrointestinal adverse events in a small percentage of clinical practice
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patients. Clinical trials are evaluating increasing intervals of intravenous biphosphonate
dosing.

The recent discovery of the OPG/RANK-L/RANK system as pivotal regulatory
factors in the pathogenesis of bone diseases and disorders like osteoporosis provides
unique targets for therapeutic agents. In laboratory animals and in humans,
administering forms of OPG markedly inhibited osteoclast activity and improved bone
strength (Bekker et al. 2001, J. Bone Miner. Res. 16: 348-360; Campagnuolo et al.
2002, Arthritis Rheum. 46: 1926-1936; Bezerra et al. 2005, Brazilian J. Med. Biol. Res.
38: 161-170; McClung 2006, Current Osteoporosis Reports 4: 28-33). In early studies in
humans, a fully human antibody against RANK-L (denosumab) reduced bone tumover
and improved bone density (Body et al. 2003, Cancer 97: 887-892; Bekker et al. 2004,
J. Bone Miner. Res. 19: 1059-1066; McClung 2006, Current Osteoporosis Reports 4:
28-33; Lewiecki 2006, Expert Opin. Biol. Ther. 6: 1041-1050; McClung et al. 2006, N.
Engl. J. Med. 354: 821-831). Such complete antibodies, however, face the drawbacks
of full size antibodies such as high production costs, low stability, and their large size,
which e.g. impedes their access to certain hidden epitopes.

Nanobadies are more potent and more stable than conventional four-chain
antibodies which leads to (1) lower dosage forms, less frequent dosage leading to less
side effects; and (2) improved stability leading to a broader choice of administration
routes, comprising oral or subcutaneous routes and slow-release formulations in
addition to the intravenous route.

Because of their small size, Nanobodies have the ability to cross membranes
and penetrate into physicological compartments, tissues and organs not accessible to
other, larger polypeptides and proteins. Nanbodies might, for example, easily penetrate
into the bone matrix making them suited for the treatment of bone diseases and
disorders.

The small size of the Nanobody also makes them ideally suited for their
engineering into multivalent or multispecific polypeptides. In contrast to full antibodies
which can bind to only one subunit of the RANK-L trimer, bivalent or trivalent
polypeptides (based on respectively two or three Nanobodies against RANK-L), will be
able to bind on respectively 2 or 3 subunits of the trimeric RANK-L molecule and might
be advantageous because of their higher potency.

According to a first aspect, the present invention provides a multivalent
polypeptide, compound or construct comprising or essentially consisting of at least two
amino acid sequences that are directed against and/or that can specifically bind to

RANK-L, wherein the at least two amino acid sequences essentially consist of a domain
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antibody (or an amino acid sequence that is suitable for use as a domain antibody), of a
single domain antibody (or an amino acid sequence that is suitable for use as a single
domain antibody), of a "dAb" (or an amino acid sequence that is suitable for use as a
dAb) or of a Nanobody (including but not limited to a Vuy sequence).

According to a second aspect, the present invention provides a nucleic acid or
nucleotide sequence that encodes a multivalent polypeptide, compound or construct
according to the first aspect.

According to a third aspect, the present invention provides a host or host cell
that expresses, or that under suitable circumstances is capable of expressing, a
multivalent polypeptide, compound or construct according to the first aspect; and/or that
comprises a nucleic acid or nucleotide sequence according to the second aspect.

According to a fourth aspect, the present invention provides a composition,
comprising at least one multivalent polypeptide, compound or construct according to the
first aspect, or nucleic acid or nucleotide sequence according to the second aspect.

According to a fifth aspect, the present invention provides a method for producing

a multivalent polypeptide, compound or construct according to the first aspect that is
such that it can be obtained by expression of a nucleic acid or nucleotide sequence
encoding the same, said method at least comprising the steps of:

o expressing, in a suitable host cell or host organism or in another suitable
expression system, a nucleic acid or nucleotide sequence according to the
second aspect; or

. cultivating and/or maintaining a host or host cell according to the third
aspect under conditions that are such that said host or host cell expresses
and/or produces at least one multivalent polypeptide, compound or
construct according to the first aspect, that is such that it can be obtained by
expression of a nucleic acid or nucleotide sequence encoding the same;

optionally followed by:

) isolating and/or purifying the multivalent polypeptide, compound or construct
according to the first aspect, that is such that it can be obtained by
expression of a nucleic acid or nucleotide sequence encoding the same,
thus obtained.

According to a sixth aspect, the present invention provides a method for the
prevention and/or treatment of at least one bone disease or disorder, said method
comprising administering, to a subject in need thereof, a pharmaceutically active
amount of at least one multivalent polypeptide, compound or construct according to the
first aspect, or composition according to the fourth aspect.
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According to a seventh aspect, the present invention provides a method for the
prevention and/or treatment of at least one disease or disorder that is associated with
RANK-L, with its biological or pharmacological activity, and/or with the biological
pathways or signalling in which RANK-L is involved, said method comprising
administering, to a subject in need thereof, a pharmaceutically active amount of at least
one multivalent polypeptide, compound or construct according to the first aspect, or
composition according to the fourth aspect.

According to an eighth aspect, the present invention provides a method for the
prevention and/or treatment of at least one disease or disorder that can be prevented
and/or treated by administering, to a subject in need thereof, a multivalent polypeptide,
compound or construct according to the first aspect, said method comprising
administering, to a subject in need thereof, a pharmaceutically active amount of at least
one multivalent polypeptide, compound or construct according to the first aspect, or
composition according to the fourth aspect.

According to a ninth aspect, the present invention provides a method for
immunotherapy, said method comprising administering, to a subject in need thereof, a
pharmaceutically active amount of at least one multivalent polypeptide, compound or
construct according to the first aspect, or composition according to the fourth aspect.

According to a tenth aspect, the present invention provides use of a
pharmaceutically active amount of at least one muitivalent polypeptide, compound or
construct according to the first aspect for the preparation of a medicament for
prevention and/or treatment of at least one bone disease or disorder.

According to an eleventh aspect, the present invention provides use of a
pharmaceutically active amount of at least one multivalent polypeptide, compound or
construct according to the first aspect for the preparation of a medicament for the
prevention and/or treatment of at least one disease or disorder that is associated with
RANK-L, with its biological or pharmacological activity, and/or with the biological
pathways or signalling in which RANK-L is involved.

According to a twelfth aspect, the present invention provides use of a multivalent
polypeptide, compound or construct according to the first aspect for the preparation of a
medicament for the prevention and/or treatment of at least one disease or disorder that
can be prevented and/or treated by administering, to a subject in need thereof, a
multivalent polypeptide, compound or construct according to the first aspect.

According to a thirteenth aspect, the present invention provides use of a

pharmaceutically active amount of at least one multivalent polypeptide, compound or
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construct according to the first aspect for the preparation of a medicament for
immunotherapy.

Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”.

The amino acid sequences, polypeptides and compositions of the present
invention can generally be used to modulate, and in particular inhibit and/or prevent,
binding of RANK-L to RANK, and thus to modulate, and in particular inhibit or prevent,
the signalling that is mediated by RANK-L, RANK and/or OPG, to modulate the
biological pathways in
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which RANK-L and/or RANK are involved, and/or to modulate the biological mechanisms,
responses and effects associated with such signalling or these pathways. The binding of
RANK-L to RANK and/or the signalling that is mediated by RANK-L, RANK and/or OPG
may be inhibited and/or prevented by at least 1%, preferably at least 5%, such as at least 10%
or at least 25%, for example by at least 50%, at least 60%, at least 70%, at least 80%, or 90%
or more, compared to the binding of RANK-L to RANK and/or the signalling that is
mediated by RANK-L, RANK and/or OPG under the same conditions but without the
presence of the amino acid sequence, Nanobody or polypeptide of the invention.

In another aspect ol the present invention, the the amino acid sequences, polypeptides
and compositions of the present invention can be used to modulate, and in particular inhibit
and/or prevent, binding ol RANK-L to OPG, and thus to modulate (inhibit and/or prevent or
boost) the signalling that is mediated by RANK-L, RANK and/or OPG, to modulate the
biological pathways in which RANK-L, RANK and/or OPG are involved, and/or to modulate
the biological mechanisms, responses and effects associated with such signalling or these
pathways. The amino acid sequences, polypeptides and compositions of the present invention
may be agonist or antagonist of RANK-L and/or such signalling. They may inhibit
RANK/RANK-L mcdiated signalling in the same way as OPG, or thcy may fully or partially
prevent OPG from inhibiting RANK/RANK-L mediated signalling. The binding of RANK-L
to OPG and/or the signalling that is mediated by RANK-L, RANK and/or OPG may be
inhibited and/or prevented by at least 1%, preferably at least 5%, such as at least 10% or at
least 25%, lor example by at least 50%, at least 60%, al least 70%, at least 80%, or 90% or
more, compared to the binding of RANK-L to OPG and/or the signalling that is mediated by
RANK-L, RANK and/or OPG under the same conditions but without the presence of the
amino acid sequence, Nanobody or polypeptide of the invention.

In another aspect of the present invention, the the amino acid sequences, polypeptides
and compositions of the invention can be used to modulate (inhibit and/or prevent or boost)
the differentiation and/or prolifcration of ostcoclasts. The diffcrentiation and/or proliferation
of osteoclasts may be increased or decreased, respectively, by at least 1%, preferably at least
5%, such as at least 10% or at least 25%, for example by at least 50%, at least 60%, at least
70%, at least 80%, or 90% or more, compared to the differentiation and/or proliferation of
osteoclasts under the same conditions but without the presence of the amino acid sequence,

Nanobody or polypeptide of the invention.
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In another aspect of the present invention, the the amino acid sequences, polypeptides
and compositions of the invention can be used to modulate bone remodelling. Bone
remodelling may be modulated at least 1%, preferably at least 5%, such as at least 10% or at
least 25%, for example by at least 50%, at least 60%, at least 70%, at least 80%, or 90% or
more, compared to bone remodelling under the same conditions but without the presence of
the amino acid sequence, Nanobody or polypeptide of the invention.

As such, the polypeptides and compositions of the present invention can be used for
the prevention and treatment (as defined herein) of bone diseases and disorders. Generally,
“bone diseases and disorders” can be delined as diseases and disorders that can be prevented
and/or treated, respectively, by suitably administering to a subject in need thereof (i.c. having
the disease or disorder or al least one symptom thereol and/or at risk ol altracting or
developing the disease or disorder) of either a polypeptide or composition of the invention
(and in particular, of a pharmaceutically active amount thereof) and/or of a known active
principle active against RANK-L or a biological pathway or mechanism in which RANK-L is
involved (and in particular, of a pharmaceutically active amount thereof).

Bone diseases and disorders encompass diseases and disorders associated with the
rcgulation of bonc formation and resorption. Bone discascs and disorders charactcrized by a
net bone loss (bone resorption exceeds bone formation) are also referred to as osteopenic
disorders, including ostopenia, osteoporosis and osteolysis and are characterized by excessive
and/or unwanted signaling mediated by RANK-L. The polypeptides and compositions of the
present invention that modulate, and in particular inhibit and/or prevent, binding ol RANK-L
to RANK act as antagonist and will generally be used for the prevention and treatment (as
defined herein) of bone diseases and disorders characterized by net bone loss. Also
polypeptides and compositions of the present invention that modulate, and in particular
inhibit and/or prevent, binding of RANK-L to OPG may act as antagonists and will generally
be used for the prevention and treatment (as defined herein) of bone diseases and disorders
characterized by nct bone loss.

Bone discases and disorders characterized by net increase in bone mass are referred to
as osteopetrosis and are characterized by poor signaling mediated by RANK-L. The
polypeptides and compositions of the present invention that modulate, and in particular
inhibit and/or prevent, binding of RANK-L to OPG may act as agonists and will generally be
used for the prevention and treatment (as defined herein) of bone diseases and disorders

characterized by net increase in bone mass.
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Examples of such bone diseases and disorders will be clear to the skilled person based
on the disclosure herein, and for example include the following diseases and disorders:
Osteoporosis (McClung 2006, Current Osteoporosis Reports 4: 28-33), including, but not
limited to, primary osteoporosis, endocrine osteoporosis (including, but not limited to,
hyperthyroidism, hyperparathyroidism (Anandarajah and Schwarz 2006, J. Cell Biochem. 97:
226-232), Cushing's syndrome, and acromegaly), hereditary and congenital forms of
osteoporosis (including, but not limited to, osteogenesis imperfecta, homocystinuria, Menkes'
syndrome, Riley-Day syndrome), osteoporosis due to immobilization of extremities,
glucocorticoid-imduced osteoporosis (Locklin et al. 2001, Bone 28 (Suppl.): S80; McClung
2006, Current Osteoporosis Reports 4: 28-33; Anandarajah and Schwarz 2006, J, Cell
Biochem. 97: 226-232) and post-menopausal osteoporosis (McClung 2006, Current
Osteoporosis Reports 4: 28-33); (Juvenile or Familial) Paget’s disease (Cundy et al. 2002,
Hum. Mol, Genet. 11: 2119-2127; Whyte et al. 2002, J, Bone Miner. Res. 17: 26-29; Whyte
etal. 2002, N. Engl. J. Med. 347: 175-184; Johnson-Pais et al. 2003, J. Bone Miner Res. 18:
376-380; Anandarajah and Schwarz 2006, J. Cell Biochem. 97: 226-232; Anandarajah and
Schwarz 2006, J. Cell Biochem. 97: 226-232); Osteomyelitis, i.¢., an infectious lesion in
bone, lcading to bone loss; Hypercalcemia (Anandarajah and Schwarz 2006, J. Cell Biochem.,
97: 226-232), including, but not limited to, hypercalcemia resulting from solid tumors
(including, but not limited to, breast, lung and kidney) and hematologic malignacies
(including, but not limited to, multiple myeloma (Sordillo and Pearse 2003, Cancer 97 (3
Suppl): 802-812; Vanderkerken et al. 2003, Cancer Res. 63; 287-289), lymphoma and
leukemia), idiopathic hypercalcemia, and hypercalcemia associated with hyperthyroidism and
renal function disorders; Bone loss, including but not limited to, osteopenia following
surgery, osteopenia induced by steroid administration, osteopenia associated with disorders of
the small and large intestine, and osteopenia associated with chronic hepatic and renal
diseases; Osteonecrosis, i.¢., bone cell death, including, but not limited to, osteonecrosis
associatcd with traumatic injury, ostconccrosis associatcd with Gaucher's discasc,
osteonecrosis associated with sickle cell anemia, osteonecrosis associated with systemic
lupus erythematosus, osteonecrosis associated with rtheumatoid arthritis, osteonecrosis
associated with periodontal disease, osteonecrosis associated with osteolytic metastasis, and
osteonecrosis associated with other condition; Bone loss associated with arthritic disorders
such as psoriatic arthritis, rheumatoid arthritis, loss of cartilage and joint erosion associated

with rtheumatoid arthritis (Bezerra et al. 2005, Brazilian Journal of Medical and Biological
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Research 38: 161-170; Anandarajah and Schwarz 2006, J. Cell Biochem. 97; 226-232);
Arthritis (Bezerra et al. 2005, Brazilian Journal of Medical and Biological Research 38: 161-
170), including inflammatory arthritis (McClung 2006, Current Osteoporosis Reports 4: 28-
33), Collagen-induced arthritis (Bezerra et al. 2005, Brazilian Journal of Medical and
Biological Research 38: 161-170); Periprosthetic osteolysis (McClung 2006, Current
Osteoporosis Reports 4: 28-33; Anandarajah and Schwarz 2006, J. Cell Biochem, 97: 226-
232); Cancer-related bone disecase (McClung 2006, Current Osteoporosis Reports 4: 28-33);
Bone loss associated with aromatase inhibitor therapy (Lewiecki 2006, Expert Opin. Biol.
Ther. 6: 1041-1050); Bone loss associated with androgen deprivation therapy (Lewiecki
2006, Expert Opin. Biol. Ther. 6: 1041-1050); Bone loss associated bone metastasis; Bone
loss associated with diseases having immune system involvement, such as adult and
childhood leukaemias, cancer metastasis, autoimmunity, and various viral infections
(Holstead Jones et al. 2002, Ann, Rheum. Dis. 61 (Suppl II): i132-ii39) Osteopenic disorders
such as adult and childhood leukaemia (Oliveri et al. 1999, Henry Ford Hosp. Med. 39: 45-
48), chronic infections such as hepatitis C or HIV (Stellon et al. 1985, Gastroenterology 89:
1078-1083), autoimmune disorders such as diabetes mellitus (Piepkorn et al. 1997, Horm.
Mctab. Res. 29: 584-91), and lupus crythcmatosus (Scitz ct al. 1985, Ann. Rheum Dis. 44:
438-445), allergic diseases such as asthma (Ebeling et al. 1998, J. Bone Min. Res. 13; 1283-
1289), lytic bone metastases in multiple cancers such as breast cancer (Coleman 1998, Curr.
Opin. Oncol. 10 (Suppl 1): 7-13); Prostate cancer; Myeloma bone disease (Anandarajah and
Schwarz 2006, J. Cell Biochem. 97: 226-232); Periodontal inlections (Anandarajah and
Schwarz 2006, J. Cell Biochem. 97: 226-232); Expansile skeletal hyperphosphatasia
(Anandarajah and Schwarz 2006, J. Cell Biochem. 97: 226-232); Bone metastases (Lewiecki
2006, Expert Opin. Biol. Ther. 6: 1041-1050; Anandarajah and Schwarz 2006, J. Cell
Biochem. 97: 226-232).

Also encompassed within the scope of the present invention is the prevention and/or
trcatment with the amino acid scquences, the compounds and/or the polypeptides of the
invention of other diseases and disorders associated with an imbalance in the RANK-

/RANK/OPG pathway. Such diseases and disorders include but are not limited to
osteoporosis, inflammatory conditions, autoimmune conditions, asthma, rheumatoid arthritis,
multiple sclerosis, Multiple myeloma (Sordillo and Pearse 2003, Cancer 97 (3 Suppl): 802-
812; Vanderkerken et al. 2003, Cancer Res. 63: 287-289); Vascular diseases (Anandarajah
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and Schwarz 2006, J. Cell Biochem. 97; 226-232) and Cardiovascular disease (Lewiecki
2006, Expert Opin. Biol. Ther. 6: 1041-1050).

Also encompassed within the scope of the present invention is the prevention and/or
treatment with the amino acid sequences, the compounds and/or the polypeptides of the
invention of diseases and disorders associated with osteopetrosis such as osteopetrosis tarda,
osteopetrosis congenita and marble bone discase,

In particular, the polypeptides and compositions of the present invention can be used
for the prevention and treatment of bone diseases and disorders which are mediated by the
pathway(s) in which RANK-L is involved. Examples ol such bone diseases and disorders will
again be clear to the skilled person based on the disclosure herein.

Thus, without being limited thereto, the amino acid sequences and polypeptides ol the
invention can for example be used to prevent and/or to treat all diseases and disorders that are
currently being prevented or treated with active principles that can modulate RANK-L -
mediated signalling, such as those mentioned in the prior art cited above. It is also envisaged
that 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 developed in future. In addition, it is envisaged that,
because of their favourable properties as further described herein, the polypeptides of the
present invention 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 ol the present invention may provide
new methods and regimens for treating the diseases and disorders described herein.

Thus, without being limited thereto, the amino acid sequences and polypeptides of the
invention can for example be used to prevent and/or to treat all diseases and disorders that are
currently being prevented or treated with denosumab.

Other applications and uses of the amino acid sequences and polypeptides of the
invention will become clcear to the skilled person from the further disclosurc hercein.

Generally, it is an object of the invention to provide pharmacologically active agents,
as well as compositions comprising the same, that can be used in the diagnosis, prevention
and/or treatment of bone diseases and disorders and of the further diseases and disorders
mentioned herein; and to provide methods for the diagnosis, prevention and/or treatment of
such diseases and disorders that involve the administration and/or use of such agents and

compositions.
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In particular, it is an object of the invention to provide such pharmacologically active
agents, compositions and/or 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.

More in particular, it is an object of the invention to provide therapeutic proteins that
can be used as pharmacologically active agents, as well as compositions comprising the
same, for the diagnosis, prevention and/or treatment of bone diseases and disorders and of the
further diseases and disorders mentioned herein; and to provide methods for the diagnosis,
prevention and/or treatment ol such diseases and disorders that involve the administration
and/or the use of such therapeutic proteins and compositions,

Accordingly, it is a specilic object ol the present invention o provide amino acid
sequences that are directed against (as defined herein) RANK-L, in particular against RANK-
L from a warm-blooded animal, more in particular against RANK-L from a mammal, and
especially against human RANK-L; and to provide proteins and polypeptides comprising or
essentially consisting of at least one such amino acid sequence.

In particular, it is a specific object of the present invention to provide such amino acid
scquences and such proteins and/or polypeptides that arc suitable for prophylactic,
therapeutic and/or diagnostic use in a warm-blooded animal, and in particular in a mammal,
and more in particular in a human being.

More in particular, it is a specific object of the present invention to provide such
amino acid sequences and such proteins and/or polypeptides thatl can be used [or the
prevention, treatment, alleviation and/or diagnosis of one or more diseases, disorders or
conditions associated with RANK-L and/or mediated by RANK-L (such as the discases,
disorders and conditions mentioned herein) in a warm-blooded animal, in particular in a
mammal, and more in particular in a human being.

1t is also a specific object of the invention to provide such amino acid sequences and
such proteins and/or polypeptides that can be used in the preparation of pharmaccutical or
veterinary compositions for the prevention and/or treatment of one or more discases,
disorders or conditions associated with and/or mediated by RANK-L (such as the diseases,
disorders and conditions mentioned herein) in a warm-blooded animal, in particular in a
mammal, and more in particular in a human being.

In the invention, generally, these objects are achieved by the use of the amino acid

sequences, proteins, polypeptides and compositions that are described herein,
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In general, the invention provides amino acid sequences that are directed against (as
defined herein) and/or can specifically bind (as defined herein) to RANK-L; as well as
compounds and constructs, and in particular proteins and polypeptides, that comprise at least
one such amino acid sequence.

More in particular, the invention provides amino acid sequences can bind to RANK-L
with an affinity (suitably measured and/or expressed as a Kp-value (actual or apparent), a K-
value (actual or apparent), a k,-rate and/or a k g-rate, or alternatively as an 1Cs, value, as
further described herein) that is as defined herein; as well as compounds and constructs, and
in particular proteins and polypeptides, that comprise at least one such amino acid sequence.

In particular, amino acid sequences and polypeptides of the invention are preferably
such that they:

- bind to RANK-L with a dissociation constant (Kp) of 10°° to 107 moles/liter or less,
and preferably 107 to 10> moles/liter or less and more preferably 107 to 107!
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);

and/or such that they:

- bind to RANK-L with a key-rate of between 10° M's™ to about 10" 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 RANK-L with a k. rate between 1™ (t,,=0.69 s) and 10 5! (providing a near
irreversible complex with a t;, of multiple days), preferably between 10%stand 10 s
! more preferably between 107 5" and 107° s™, such as between 10 s and 10° s,

Preferably, a monovalent amino acid sequence of the invention (or a polypeptide that
contains only one amino acid sequence of the invention) is preferably such that it will bind to
RANK-L with an affinity lcss than 500 nM, prcferably less than 200 nM, morc preferably
less than 10 nM, such as less than 500 pM.

Some preferred EC50 and 1C50 values for binding of the amino acid sequences or
polypeptides of the invention to RANK-L will become clear from the further description and
examples herein.

For binding to RANK-L., an amino acid sequence of the invention will usually contain

within its amino acid sequence one or more amino acid residues or one or more stretches of
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amino acid residues (i.e. with each “stretch” comprising two or amino acid residues that are
adjacent to each other or in close proximity to each other, i.e. in the primary or tertiary
structure of the amino acid sequence) via which the amino acid sequence of the invention can
bind to RANK-L, which amino acid residues or stretches of amino acid residues thus form
the “site” for binding to RANK-L (also referred to herein as the “antigen binding site”).

The amino acid sequences provided by the invention are preferably in essentially
isolated form (as defined herein), or form part of a protein or polypeptide of the invention (as
defined herein), which may comprise or essentially consist of one or more amino acid
sequences of the invention and which may optionally [urther comprise one or more [urther
amino acid sequences (all optionally linked via one or more suitable linkers). For example,
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.¢. against one or more other
targets than RANK-L), so as to provide a monovalent, multivalent or multispecific
polypeptide of the invention, respectively, all as described herein. Such a protein or
polypeptide may also be in essentially isolated form (as defined herein).

The amino acid scquencces and polypeptides of the invention as such preferably
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. For example, it is known that Nanobodies — as described
herein - may sometimes contain a disulphide bridge between CDR3 and CDR1 or FR2).
However, it should be noted that one or more amino acid sequences of the invention may be
linked to each other and/or to other amino acid sequences (e.g. via disulphide bridges) to
provide peptide constructs that may also be useful in the invention (for example Fab’
fragments, F(ab’) fragments, ScFv constructs, “diabodies” and other multispecific
constructs. Reference is for example made to the review by Holliger and Hudson, Nat
Biotcchnol. 2005 Sep;23(9):1126-36).

Generally, when an amino acid sequence of the invention (or a compound, construct
or polypeptide comprising the same) is intended for administration to a subject (for example
for therapeutic and/or diagnostic purposes as described herein), it is preferably either an
amino acid sequence that does not occur naturally in said subject; or, when it does occur

naturally in said subject, in essentially isolated form (as defined herein).
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1t will also be clear to the skilled person that for pharmaceutical use, the amino acid
sequences of the invention (as well as compounds, constructs and polypeptides comprising
the same) are preferably directed against human RANK-L; whereas for veterinary purposes,
the amino acid sequences and polypeptides of the invention are preferably directed against
RANK-L from the species to be treated, or at at least cross-reactive with RANK-L from the
species to be treated.

Furthermore, an amino acid sequence of the invention may optionally, and in addition
to the at least one binding site for binding against RANK-L, contain one or more further
binding sites for binding against other antigens, proteins or largets.

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. Suitable in vitro assays will be clear
to the skilled person, and for example include ELISA; FACS binding assay; Biacore;
competition binding assay (AlphaScreen®, Perkin Elmer, Massachusetts, USA; FMAT);
TRAP assay (osteoclast differentiation assay; Rissanen et al. 2005, J. Bone Miner. Res. 20,
Suppl. 1: $256); NF-kappaB rcporter genc assay (Mizukami ct al. 2002, Mol. Ccll. Biol. 22:
992-1000), EC50 values for binding of the Nanobodies of the invention (and of polypeptides
comprising thc samc) to RANK-L in, for cxamplc ELISA or FACS arc preferably 1 pM to 1
pM, more preferably 1 nM to 1 pM and more preferably 100 pM to 1 pM. IC50 values for
binding of the Nanobodies of the invention (and of polypeptides comprising the same) to
RANK-L in, for example, AlphaScreen®, NF-kappaB assay or TRAP assay are preferably 1
uM to 1 pM, more preferably 1 nM to 1 pM and more preferably 100 pM to 1 pM.

Suitable animal models will be clcar to the skilled person, and for examplc include
(SCID)/ARH-77 mouse model (Sordillo and Pearse 2003, Cancer 97 (3 Suppl): 802-812);
SCID-hu mouse model of human MM (Sordillo and Pearse 2003, Cancer 97 (3 Suppl); 802-
812; Tassone et al. 2005, Blood 106: 713-716); Transgenic mice that overexpress OPG under
control of apoE gene promoter and associated enhancer (Simonet et al. 1997, Cell 89: 309-
319); Mouse model of sarcoma-induced bone destruction (Honore et al. 2000, Nat. Med. 6:
521-528); Ovariectomized animal models such as, for example, ovariectomized monkeys
(Jerome et al. 1995, Bone 17: 403S-408S), ovariectomized mice (Roggia et al. 2001, Proc.
Natl. Acad. Sci. USA 20: 13960-13965) or ovariectomized rats and cynomolgus monkeys
(Simonet et al, 1997, Cell 89: 309-319; Heoegh-Andersen et al, 2004, Arthritis Res. Ther, 6;
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R169-R180); Rat (animal) models for arthritis (Bendele et al. 1999, Toxicologic Pathology
27:134-142; Romas et al. 2002, Am. J. Pathol. 161: 1419-1427; Mori et al. 2002,
Histochemistry and Cell Biology 117: 283-292) such as models for collagen-induced arthritis
or models for adjuvant-induced arthritis; Animal models of tumor-derived PTHrP-induced
hypercalcemia (Morony et al, 1999, J. Bone Miner. Res. 14; 1478-1485; Capparelli et al,
2000, Cancer Res. 60: 783-778); Murine model of multiple myeloma (Vanderkerken et al.
2003, Cancer Res. 63: 287-289); Inflammatory Bowel Disease model in mice (Byrne et al.
2005, Gut 54; 78-86); Transgenic mice overexpressing MIF (Onodera et al. 2006, J. Bone
Miner. Res. 21: 876-885); Transgenic mice overexpressing soluble osteoclast diflerentiation
factor (sODF) (Mizuno et al. 2002, 20: 337-44); Transgenic mice expressing CSF-1 under
control of the CSF-1R promoter/first intron driver [transgene TgN(Cs[1r-Cs[1)Ers (TgRC)
mice] (Wei et al. 2006, J. Leukoc. Biol. 80: 1445-1453); Transgenic mice overexpressing
core-binding factor alphal (Cbfal) (Geoffroy et al. Mol. Cell Biol. 22: 6222-6233);
Transgenic mice overexpressing Decoy receptor 3 (DcR3) (Tang et al. 2007, J. Biol. Chem.
282: 2346-2354), as well as the assays and animal models used in the experimental part
below and in the prior art cited herein.

Also, according to the invention, amino acid scquences and polypceptides that arc
directed against RANK-L from a first species of warm-blooded animal may or may not show
cross-reactivity with RANK-L from one or more other species of warm-blooded animal. For
example, amino acid sequences and polypeptides directed against human RANK-L may or
may not show cross reactivily with RANK-L [rom one or more other species ol primates
(such as, without limitation, monkeys from the genus Macaca (such as, and in particular,
cynomologus monkeys (Macaca fascicularis) and/or thesus monkeys (Macaca mulatta)) and
baboon (Papio ursinus)) and/or with RANK-L 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 RANK-L (such as the
specics and animal modcls 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 RANK-L to be tested in such disease models.

More generally, amino acid sequences and polypeptides of the invention that are
cross-reactive with RANK-L from multiple species of mammal will usually be advantageous

for use in veterinary applications, since it will allow the same amino acid sequence or
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polypeptide to be used across multiple species. Thus, it is also encompassed within the scope
of the invention that amino acid sequences and polypeptides directed against RANK-L from
one species of animal (such as amino acid sequences and polypeptides against human
RANK-L) can be used in the treatment of another 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.

In one embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are cross-reactive with RANK-L from cynomolgus
monkey.,

In another embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are cross-reactive with RANK-L [rom mice or rats.

In another embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are cross-reactive with RANK-L from cynomolgus monkey
and with RANK-L from mice or rats.

In another embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are not cross-reactive with RANK-L from mice or rats,

In another cmbodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are cross-reactive with RANK-L from cynomolgus monkey
while not being cross-reactive with RANK-L from mice or rats.

In another embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are not cross-reactive with RANK-L (rom cynomolgus
monkey.

In another embodiment, the amino acid sequences and polypeptides of the invention
directed against human RANK-L are not cross-reactive with RANK-L from cynomolgus
monkey and not with RANK-L from mice or rats.

The present invention is in its broadest sense also not particularly limited to or defined
by a spccific antigenic determinant, cpitope, part, domain, subunit or confirmation (where
applicable) of RANK-L against which the amino acid sequences and polypeptides of the
invention are directed. For example, the amino acid sequences and polypeptides may or may
not be directed against an “interaction site” (as defined herein). However, it is generally
assumed and preferred that the amino acid sequences and polypeptides of the invention are
preferably directed against an interaction site (as defined herein), and in particular against the

binding site on RANK-L for RANK or against the binding site on RANK-L for OPG.
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Thus, in one preferred, but non-limiting aspect, the amino acid sequences and
polypeptides of the invention are directed against the RANK receptor binding site on RANK-
L, and are as further defined herein. Binding of the amino acid sequences and polypeptides of
the invention to the RANK receptor binding site on RANK-L. may inhibit and/or prevent
binding of RANK-L to RANK, and thus inhibit or prevent the signalling that is mediated by
this RANK-L/RANK binding. The amino acid sequences and polypeptides of the invention
therefore can act as antagonists of the RANK-IL/RANK mediated signalling.

In one, specific, but non-limiting aspect, the amino acid sequences and polypeptides
ol the invention are directed against the RANK receptor binding site on RANK-L while not
interfering (reducing/inhibiting) with the RANK-L/OPG interaction. In this specific aspect,
the amino acid sequences and polypeptides ol the invention will act as antagonists ol the
RANK-L/RANK mediated signalling (and inhibit osteoclast maturation and activation} in
addition to the OPG mediated inhibition of osteoclast maturation and activation.

In another preferred, but non-limiting aspect, the amino acid sequences and
polypeptides of the invention are directed against the OPG binding site on RANK-L, and are
as further defined herein, Binding of the amino acid sequences and polypeptides of the
invention to the OPG binding sitc on RANK-L may inhibit and/or prevent binding of RANK-
L to OPG. The amino acid sequences and polypeptides of the invention may therefore act as a
competitive or as a non-competitive inhibitor of the binding of RANK-L to OPG (e.g. in
ELISA, in AlphaScreen® assay, in TRAP assay and/or in NFkappaB assay). Binding of the
amino acid sequences and polypeptides ol the invention to the OPG binding site on RANK-L
may, by its turn, inhibit and/or prevent binding of RANK-L to RANK, and thus inhibit and/or
prevent the signalling that is mediated by this RANK-L/RANK binding. The amino acid
sequences and polypeptides of the invention therefore can act as antagonists of the RANK-L
and RANK-L/RANK mediated signalling (i.c. they inhibit RANK/RANK-L interaction).

In some cases, however, the amino acid sequences and polypeptides of the invention
may be dirccted against an OPG binding sitc on RANK-L and intcrfere with the binding of
RANK-L to OPG without essentially reducing the binding of RANK-L to RANK. In this case
the amino acid sequences and polypeptides of the invention may boost the signalling that is
mediated by this RANK-L/RANK interaction and act as agonists of the RANK-L and
RANK-IL/RANK mediated signalling (i.e. they act as antagonist of the action of OPG).

In another aspect of the present invention, the amino acid sequences and polypeptides

of the invention are preferably directed against an epitope on RANK-L that overlaps with the
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epitope of denosumab. Binding of the amino acid sequences and polypeptides of the
invention to an epitope on RANK-L that overlaps with the eptiope of denosumab may inhibit
and/or prevent binding of denosumab to RANK-L. The amino acid sequences and
polypeptides of the invention may therefore act as a competitive or as a non-competitive
inhibitor of the binding of denosumab to RANK-L (e.g. in ELISA, in AlphaScreen® assay, in
TRAP assay and/or in NFkappaB assay).

As further described herein, a polypeptide of the invention may contain two or more
amino acid sequences of the invention that are directed against RANK-L. Generally, such
polypeptides will bind to RANK-L with increased avidily compared (o a single amino acid
sequence of the invention. Such a polypeptide may for example comprise two amino acid
sequences of the invention that are directed against the same antigenic delerminant, epitope,
part, domain, subunit or confirmation (where applicable) of RANK-L (which may or may not
be an interaction site); or comprise at least one “first” amino acid sequence of the invention
that is directed against a first same antigenic determinant, epitope, part, domain, subunit or
confirmation (where applicable) of RANK-L (which may or may not be an interaction site);
and at least one “second” amino acid sequence of the invention that is directed against a
sccond antigenic determinant, cpitopc, part, domain, subunit or confirmation (wherc
applicable) different from the first (and which again may or may not be an interaction site).
Preferably, in such “biparatopic” polypeptides of the invention, at least one amino acid
sequence of the invention is directed against an interaction site (as defined herein), although
the invention in its broadest sense is not limited thereto.

Thus, in one particular aspect, a polypeptide of the invention may comprise two or
more amino acid sequences of the invention that are directed against the binding site for
RANK on RANK-L; or comprise at least one “first” amino acid sequence of the invention
that is directed against the binding site for RANK on RANK-L; and at least one “second”
amino acid sequence of the invention that is directed against a second antigenic determinant,
cpitope, part, domain, subunit or confirmation different from the first and which is not a
binding site for RANK on RANK-L.

Thus, in another particular aspect, a polypeptide of the invention may comprise two or
more amino acid sequences of the invention that are directed against the binding site for OPG
on RANK-L; or comprise at least one “first” amino acid sequence of the invention that is
directed against the binding site for OPG on RANK-L; and at least one “second” amino acid

sequence of the invention that is directed against a second antigenic determinant, epitope,
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part, domain, subunit or confirmation different from the first and which is not a binding site
for OPG on RANK-L.

Also, when the target is part of a binding pair (for example, a receptor-ligand binding
pair), the amino acid sequences and polypeptides may be such that they compete with the
cognate binding partner (e.g. the ligand, receptor or other binding partner, as applicable) for
binding to the target, and/or such that they (fully or partially) neutralize binding of the
binding partner to the target.

1t is also within the scope of the invention that, where applicable, an amino acid
sequence ol the invention can bind Lo two or more antigenic delerminants, epilopes, parts,
domains, subunits or confirmations of RANK-L. In such a case, the antigenic determinants,
epilopes, parts, domains or subunits o RANK-L to which the amino acid sequences and/or
polypeptides of the invention bind may be essentially the same (for example, if RANK-L
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, domains, subunits of RANK-L with an
affinity and/or specificity which may be the same or different). In a preferred, but non-
limiting aspcct, the amino acid sequences and polypeptides of the invention bind two or three
subunits of the RANK-L trimer. Also, for example, the amino acid sequences and
polypeptides of the invention may bind to a conformation of RANK-L in which it is bound to
a pertinent ligand, may bind to a conformation of RANK-L in which it not bound to a
pertinent ligand, or may bind (o both such conformations (again with an aflinity and/or
specificity which may be the same or different). For example, the amino acid sequences and
polypeptides of the invention may bind to a conformation of RANK-L in which it is bound to
RANK, may bind to a conformation of RANK-L in which it not bound to RANK, or may
bind to both such conformations (again with an affinity and/or specificity which may be the
same or different). For example, the amino acid sequences and polypeptides of the invention
may bind to a conformation of RANK-L in which it is bound to OPG, may bind to a
conformation of RANK-L in which it not bound to OPG, or may bind to both such
conformations (again with an affinity and/or specificity which may be the same or different).

RANK-L exists in a membrane bound and soluble form. The amino acid sequences
and polypeptides of the invention may bind to either forms, or preferably the amino acid
sequences and polypeptides of the invention may bind to both these forms. RANK-L exists in

four different isoforms (see supra). The amino acid sequences and polypeptides of the
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invention may bind to either one of the four isoforms of RANK-L, or may bind to more than
one such as two, three or all four isoforms of RANK-L.

It is also expected that the amino acid sequences and polypeptides of the invention
will generally bind to all naturally occurring or synthetic analogs, variants, mutants, alleles,
parts and fragments of RANK-L; or at least to those analogs, variants, mutants, alleles, parts
and fragments of RANK-L that contain one or nmore antigenic determinants or epitopes that
are essentially the same as the antigenic determinant(s) or epitope(s) to which the amino acid
sequences and polypeptides of the invention bind in RANK-L (e.g. in wild-type RANK-L).
Again, in such a case, the amino acid sequences and polypeptides ol the invention may bind
to such analogs, variants, mutants, alleles, parts and fragments with an affinity and/or
specilicity that are the same as, or that are dilferent (rom (i.¢. higher than or lower than), the
affinity and specificity with which the amino acid sequences of the invention bind to (wild-
type) RANK-L. It is also included within the scope of the invention that the amino acid
sequences and polypeptides of the invention bind to some analogs, variants, mutants, alleles,
parts and fragments of RANK-L, but not to others.

The amino acid sequences and polypeptides of the invention may bind to other,
rclated TNF family members (c.g. TRAIL, TNF-alpha and/or CD40 ligand). In a preferred
aspect, however, the amino acid sequences and polypeptides of the invention will have no
detectable affinity for related TNF family members (i.e. an affinity which is more than 10
times, preferably more than 100 times, more preferably more than 1000 times lower than its
allinity for RANK-L). In one aspect, the amino acid sequences and polypeptides ol the
invention will have no detectable affinity for TRAIL. In another aspect, the amino acid
sequences and polypeptides of the invention will will have no detectable affinity for TNF-
alpha. In another aspect, the amino acid sequences and polypeptides of the invention will will
have no detectable affinity for CD40 ligand. In yet another aspect, the amino acid sequences
and polypeptides of the invention will will have no detectable affinity for TRAIL, TNF-alpha
and/or CD40 ligand.

Similar to all known TNF cytokine family members, RANK-L self-assembles into
noncovalently associated trimers. When RANK-L 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 RANK-L in monomeric form, only bind to
RANK-L in multimeric form, or bind to both the monomeric and the multimeric form. Again,

in such a case, the amino acid sequences and polypeptides of the invention may bind to the
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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.

In one non-limiting aspect of the invention, the amino acid sequences and
polypeptides of the invention bind to RANK-L such that the formation of the RANK-L trimer
is prevented and/or inhibited.

It is accepted that RANK-L binds one receptor molecule (RANK) along each of the
three clefts (or grooves) formed by neighboring monomers of the homotrimer. In this way,
the RANK-L trimer exhibits three spatially distinct, but equivalent, intersubunit receptor-
binding grooves into which three receptor molecules bind. Therefore, in order to inhibit the
interaction between RANK-L and its receptors, therapeutic molecules should preferably
target these intersubunit receptor binding grooves of RANK-L. Nanobodies (as further
defined herein) can show so-called cavity-binding properties (inter alia due to their extended
CDR3 loop, compared to conventional Vi domains) and are therefore ideally suited for
inhibition of the interaction of RANK-L with its RANK receptor. Accordingly, in a preferred
aspect, the amino acid sequences and polypeptides of the invention bind to the intersubunit
rceeptor-binding grooves of RANK-L

Also, when RANK-L can associate with other proteins or polypeptides to form protein
complexes (e.g. with multiple subunits), it is within the scope of the invention that the amino
acid sequences and polypeptides of the invention bind to RANK-L in its non-associated state,
bind to RANK-L 1n its associated slate, or bind (o both. In all these cases, the amino acid
sequences and polypeptides of the invention may bind to such multimers or associated
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 RANK-L in its monomeric and non-
associated state.

Gencrally, amino acid scquences and polypeptides of the invention will at 1cast bind
to those forms of RANK-L (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
skilled person.

Also, generally, polypeptides of the invention that contain two or more amino acid
sequences and/or Nanobodies directed against RANK-I. may bind with higher avidity than

the corresponding monomeric amino acid sequences and/or Nanobodies.
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For example, and without limitation, a multivalent (as defined herein) protein or
polypeptide that contains two or more amino acid sequences and/or Nanobodies that are
directed against different epitopes of RANK-L may bind to RANK-L with higher avidity than
the corresponding monomers.

More importantly, a multivalent (as defined herein) protein or polypeptide that
contains two or more amino acid sequences and/or Nanobodies that are directed against
RANK-L may (and usually will} bind with higher avidity to a multimer of RANK-L than to a
monomer of RANK-L, and will usually also bind with higher avidity than the corresponding
monomeric amino acid sequences and/or Nanobodies. In such a mullivalent protein or
polypeptide, the two or more amino acid sequences and/or Nanobodies may for example be
directed against the same epitopes, substantially equivalent epitopes, or dillerent epitopes. In
one embodiment of such a multivalent protein or polypeptide, the two or more amino acid
sequences and/or Nanobodies may be the same (and therefore be directed against the same
epitope).

The latter is of particular importance, as it is known that the primary mode of signal
transduction by RANK-L involves binding of RANK receptors to a trimer of RANK-L
molccules, which contains three receptor binding sites (scc for ecxample Lam ct al. 2001, J.
Clin. Invest. 108: 971-979).

In the present invention, it has been found that amino acid sequences and/or
Nanobodies are capable of binding to RANK-L in such a way that the activity of RANK-L is
reduced, both in in vitro models and in cellular models (see the Experimental Section below).
Although the invention is not limited to any specific mechanism, explanation or hypothesis, it
is assumed that because of their small size and high aftinity for RANK-L, two or three
monovalent amino acid sequences and/or Nanobodies of the invention are capable of
simultaneously occupying two or three different receptor binding sites on the RANK-L
trimer, thus preventing the trimer to initiate receptor binding and thereby to initiate signal
transduction (howcver, other mechanisms of action arc not cxcluded: for cxample, depending
on the epitope against which it is directed, an amino acid sequence and/or Nanobody of the
invention may also inhibit the association of RANK-L into the trimeric state).

It should also be noted that, in addition or as an alternative to binding to two or more
receptor binding sites on a single RANK-L trimer, the proteins or polypeptides of the present

invention that comprises or essentially consists of two or more amino acid sequences and/or
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Nanobodies that are directed against epitopes of RANK-L may bind (e.g. intermolecularly)
epitopes on two separate RANK-L molecules (e.g. two separate trimers).

However, according to one particularly preferred embodiment, the invention relates to
a protein or polypeptide that comprises or essentially consists of two or more amino acid
sequences and/or Nanobodies that are cach directed against epitopes on RANK-L (and in
particular on the RANK-L trimer) that lie in and/or form part of the receptor binding site(s) of
the RANK-L trimer, such that said polypeptide, upon binding to a RANK-L trimer, is capable
of inhibiting or reducing the RANK receptor binding that is mediated by said RANK-L trimer
and/or the signal transduction that is mediated by such receptor binding,

In particular, according to this preferred embodiment, the invention relates to a protein
or polypeptide that comprises or essentially consist of two or more amino acid sequences
and/or Nanobodies that are each directed against epitopes on RANK-L (and in particular on
the RANK-L trimer) that lic in and/or form part of the receptor binding site(s) of the RANK -
L trimer, wherein said amino acid sequences and/or Nanobodies are linked to each other in
such a way that the protein or polypeptide is capable of simultancously binding to two or
more receptor binding sites on a single RANK-L trimer (in other words, is capable of
intramolccular binding to at lcast two RANK-L rcceptor binding sitcs on a RANK-L trimer).
In this embodiment, the two or more amino acid sequences and/or Nanobodies are preferably
as defined above and are most preferably Nanobodies (so that the protein or polypeptide is a
multivalent Nanobody construct, as further described herein). Also, in this embodiment, the
two or more amino acid sequences and/or Nanobodies may be the same or dillerent; and may
directed against different epitopes within the RANK receptor binding site(s), but are
preferably directed against the same epitope. Some preferred, but non-limiting constructs of
this embodiment of the invention are SEQ ID NO’s: 622 to 693, 761 to 762 and 766 to 773.

In this embodiment of the invention, the two or more amino acid sequences and/or
Nanobodies will usually be linked via one or more suitable linkers, which linkers are such
that cach amino acid scqucenccs and/or Nanobodics can bind to a differcent receptor binding
site on the same RANK-L trimer. Suitable linkers will inter alia depend on (the distance
between) the epitopes on the RANK-L trimer to which the amino acid sequences and/or
Nanobodies bind, and will be clear to the skilled person based on the disclosure herein,
optionally after some limited degree of routine experimentation. For example, when the two
or more amino acid sequences are (single) domain antibodies or Nanobodies, suitable linkers

may be chosen from the linkers described herein, but with a linker length that is such that the
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two or more (single) domain antibodies or Nanobodies can each bind to a different receptor
binding site on the same RANK-L trimer.

Also, when the two or more amino acid sequences that bind to the receptor binding
sites of RANK-L are (single) domain antibodies or Nanobodies, they may also be linked to
each other via a third (single) domain antibody or Nanobody (in which the two or more
(single) domain antibodies or Nanobodies may be linked directly to the third (single) domain
antibody/Nanobody or via suitable linkers). Such a third (single) domain antibody or
Nanobody may for example be a (single) domain antibody or Nanobody that provides for an
increased hall-life, as (urther described herein. For example, the latter (single) domain
antibody or Nanobody may be a (single) domain antibody or Nanobody that is capable of
binding to a (human) serum protein such as (human) serum albumin, as (urther described
herein. Some non-limiting examples of such constructs are the constructs of SEQ 1D NO’s:
694-729 and 759-760. Such a third (single) domain antibody or Nanobody may for example
be a (single) domain antibody or Nanobody that is directed against and/or can bind another
epitope on RANK-L, providing a biparatopic (single) domain antibody or Nanobodies, as is
further described herein.

Altcrnatively, the two or morc amino acid scquences and/or Nanobodics that bind to
the receptor binding site(s) of RANK-L may be linked in series (either directly or via a
suitable linker) and the third (single) domain antibody or Nanobody (which may provide for
increased half-life or which may bind another epitope on RANK-L, as decribed above) may
be connected directly or via a linker to one of these two or more alorementioned amino acid
sequences and/or Nanobodies.

More generally, the distance between the two or more amino acid sequences and/or
Nanobodies should be such that it allows the protein or polypeptide to undergo
intramolecular binding to the RANK-L trimer (i.c. instead of intermolecular binding). The
distance between the N-terminus and the C-terminus of two anti-RANK-L amino acid
scquences and/or Nanobodics can be determined by any suitable means, such as by
crystallography or molecular modelling (as described, for example, by Lam et al. 2001, J.
Clin. Invest. 108: 971-979). These techniques generally also make it possible to determine
whether a specific multivalent or multispecific protein or polypeptide is capable of providing
intramolecular modelling. Alternatively, size-exclusion chromatography (as described by
Santora et al., Anal. Biochem., 299: 119-129) could be used to determine whether a given

protein or polypeptide of the invention will (predominantly) provide intramolecular binding
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to a RANK-L trimer or (predominantly) intermolecular binding between two or more RANK-
L trimers. Thus, in one particular embodiment of the invention, a protein or polypeptide of
the invention is preferably such that, in this experiment, it predominantly or essentially
exclusively leads to intramolecular binding. However, as emphasized above, it should be
noted that proteins or polypeptides of the invention that operate via intermolecular binding of
separate RANK-L molecules (e.g. trimers) are also within the scope of the present invention.

Thus, in another preferred aspect, the invention provides for a multivalent or
multispecific protein or polypeptide that comprises at least two amino acid sequences and/or
Nanobodies against RANK-L (and in particular of the RANK-L trimer), in which said at least
two amino acid sequences and/or Nanobodies are linked in such a way that the distance
between the N-terminus and the C-terminus of the al least two anti-RANK-L amino acid
sequences and/or Nanobodies is such that the protein or polypeptide is capable of undergoing
intramolecular binding (as described herein) with a RANK-L trimer.

In such a preferred protein or polypeptide, the two or more amino acid sequences
and/or Nanobodies may be linked in any suitable fashion, as long as the preferred distance
between the N-terminus and the C-terminus of the at least two anti-RANK-L amino acid
scquences and/or Nanobodics can be achicved, and/or as long as the protcin or polypeptide is
capable of undergoing intramolecular binding (as described herein) with a RANK-L trimer,

For example, in its simplest form, the at least two amino acid sequences and/or
Nanobodies are directly linked via a suitable linker or spacer that provides for the preferred
distance between the N-terminus and the C-terminus of the at least two anti-RANK-L amino
acid sequences and/or Nanobodies and which may allow the protein or polypeptide to
undergo intramolecular binding (as described herein) with a RANK-L trimer. Suitable linkers
are described herein, and may - for example and without limitation - comprise an amino acid
sequence, which amino acid sequence preferably has a length of from 1 up to 50 or more
amino acids, more preferably from 5 to 30 amino acids, such as about 9 to 20 amino acids.
Prcferably, such an amino acid sequence should also be such that it allows the protein or
polypeptide to undergo intramolecular binding (as described herein) with a RANK-L trimer,

Thus, in another preferred aspect, the invention provides for a multivalent or
multispecific protein or polypeptide that comprises at least two amino acid sequences and/or
Nanobodies against RANK-L (and in particular the RANK-L trimer), in which said amino
acid sequences and/or Nanobodies are preferably directly linked to each other using a suitable

linker or spacer such that the distance between the N-terminus and the C-terminus of the at



10

15

20

25

30

WO 2008/142164 PCT/EP2008/056383
25

least two anti-RANK-L amino acid sequences and/or Nanobodies is such that the protein or
polypeptide is capable of undergoing intramolecular binding (as described herein) with a
RANK-L trimer.

More preferably, in this preferred aspect, the linker or spacer is an amino acid
sequence that preferably has a length of from 1 up to 50 or more amino acids, more
preferably from 5 to 30 amino acids, such as about 9 to 20 amino acids. In one preferred, but
non-limiting embodiment, the linker essentially consists of glycine and serine residues (as
further described below). For example, one suitable linker is the GS9 linker described herein,
which comprises 9 amino acid residues, the GS15 linker described herein, which comprises
15 amino acid residues, the GS20 linker described herein, which comprises 20 amino acid
residues and the GS30 linker described herein, which comprises 30 amino acid residues.

In another embodiment, the at least two amino acid sequences and/or Nanobodies
against RANK-L are linked to each other via another moiety (optionally via one or two
linkers), such as another protein or polypeptide. In this embodiment, it may be desirable to
have the preferred distance (i.e. as mentioned above) between the N-terminus and the C-
terminus of the at least two anti-RANK-L amino acid sequences and/or Nanobodies, for
cxample such that the protein or polypeptide can still undergo intramolccular binding (as
described herein) with a RANK-L trimer. In this embodiment, the at Ieast two amino acid
sequences and/or Nanobodies may be linked directly to the other moiety, or using a suitable
linker or spacer, again as long as the preferred distance and/or desired intramolecular binding
can still be achieved. The moiety may be any suitable moiety which does not detract (loo
much) from the binding of the protein or polypeptide to RANK-L and/or from the further
desired biological or pharmacological properties of the protein or polypeptide. As such, the
moiety may be essentially inactive or may be biologically active, and as such may or may not
improve the desired properties of the protein or polypeptide and/or may confer one or more
additional desired properties to the protein or polypeptide. For example, and without
limitation, the moicty may improve the half-lifc of the protcin or polypceptide, and/or may
reduce its immunogenicity or improve any other desired property. In one preferred
embodiment, the moiety may be another amino acid sequences and/or Nanobody (including
but not limited to a third amino acid sequences and/or Nanobody against RANK-L, although
this is not necessary and usually less preferred), and in particular another amino acid
sequences and/or Nanobody that improves the half-life of the protein or polypeptide, such as

an amino acid sequences and/or Nanobody that is directed against a serum protein, for
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example against human serum albumin, Examples of such proteins and polypeptides are
described herein.

Thus, in one embodiment, the invention relates to a multivalent multispecific
construct comprising two or more amino acid sequences and/or Nanobodies that are each
directed against epitopes on RANK-L (e.g. on the RANK-L trimer) that lie in and/or form
part of the receptor binding site, and that are linked to each other via at least one amino acid
sequences and/or Nanobody that provides for increased half-life (and optionally via one or
more suitable linkers), such that said polypeptide, upon binding to a RANK-L trimer, is
capable inhibiting or reducing the RANK receptor binding and/or the signal transduction that
is mediated by said RANK-L trimer. Such a polypeptide may be such such that said
{irstmentioned two or more amino acid sequences and/or Nanobodies can each bind to a
different receptor binding site on a RANK-L trimer.

In particular, in this embodiment, the polypeptide may comprise a trivalent bispecific
Nanobody, that comprises two Nanobodies that are each directed against epitopes on RANK-
L (and in particular of the RANK-L trimer) that lic in and/or form part of the receptor binding
site, in which said Nanobodies are linked to each other via a third Nanobody that provides for
an incrcascd half-life (c.g. a Nanobody that is dirccted to a scrum protein such as human
serum albumin), in which each of the firstmentioned two Nanobodies may be directly linked
to said third Nanobody or via one or more suitable linkers, such that said polypeptide, upon
binding to a RANK-L trimer, is capable of inhibiting or reducing the RANK receptor binding
and/or the signal transduction that is mediated by said RANK-L trimer. Such a polypeptide
may be such that said firstmentioned two Nanobodies can each bind to a different receptor
binding site on a RANK-L trimer. Again, some particularly preferred Nanobodies for use in
this embodiment of the invention are presented in SEQ ID NO’s: 560 to 621, as well as
humanized and other variants thereof (such as e.g. SEQ ID NO’s: 730 to 757 and 765); and
the Nanobodies directed against human serum albumin described herein. Some preferred, but
non-limiting constructs of this cmbodiment of the invention arc SEQ ID NO’s: 694 to 729
and 759 to 760.

It is also within the scope of the invention to use parts, fragments, analogs, mutants,
variants, alleles and/or derivatives of the amino acid sequences and polypeptides of the
invention, and/or to use proteins or polypeptides comprising or essentially consisting of one
or more of such parts, fragments, analogs, mutants, variants, alleles and/or derivatives, as

long as these are suitable for the uses envisaged herein, Such parts, fragments, analogs,
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mutants, variants, alleles and/or derivatives will usually contain (at least part of) a functional
antigen-binding site for binding against RANK-L; and more preferably will be capable of
specific binding to RANK-L, and even more preferably capable of binding to RANK-L with
an affinity (suitably measured and/or expressed as a Kp-value (actual or apparent), a Ka-
value (actual or apparent), a kop-rate and/or a kog-rate, or alternatively as an I1Csp value, as
further described herein) that is as defined herein. Some non-limiting examples of such parts,
fragments, analogs, mutants, variants, alleles, derivatives, proteins and/or polypeptides will
become clear from the further description herein. Additional fragments or polypeptides of the
invention may also be provided by suitably combining (i.e. by linking or genetic (usion) one
or more (smaller) parts or fragments as described herein.

In one specilic, but non-limiting aspect of the invention, which will be (urther
described herein, such analogs, mutants, variants, alleles, derivatives have an increased half-
life in serum (as further described herein) compared to the amino 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 moicties 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-lifc.

In one specific, but non-limiting aspect, the amino acid sequence of the invention may
be an amino acid sequence that comprises an immunoglobulin fold or may be an amino acid
sequence that, under suitable conditions (such as physiological conditions) is capable of
forming an immunoglobulin [old (i.e. by [olding). Relerence is inter alia made to the review
by Halaby et al., J. (1999) Protein Eng. 12, 563-71. Preferably, when properly folded so as to
form an immunoglobulin fold, such an amino acid sequence is capable of specific binding (as
defined herein) to RANK-L; and more preferably capable of binding to RANK-L with an
affinity (suitably measured and/or expressed as a Kp-value (actual or apparent), a Ka-value
(actual or apparent), a ko,-rate and/or a kyg-rate, or alternatively as an 1Csy value, as further
described herein) that is as definced herein. Also, parts, fragments, analogs, mutants, variants,
alleles and/or derivatives of such amino acid sequences are preferably such that they
comprise an immunoglobulin fold or are capable for forming, under suitable conditions, an
immunoglobulin fold.

In particular, but without limitation, the amino acid sequences of the invention may be
amino acid sequences that essentially consist of 4 framework regions (FR1 to FR4

respectively) and 3 complementarity determining regions (CDRI1 to CDR3 respectively); or



10

15

20

25

30

WO 2008/142164 PCT/EP2008/056383
28

any suitable fragment of such an amino acid sequence (which will then usually contain at
least some of the amino acid residues that form at least one of the CDR’s, as further described
herein).

The amino acid sequences of the invention may in particular be an immunoglobulin
sequence or a suitable fragment thereof, and more in particular be an immunoglobulin
variable domain sequence or a suitable fragment thereof, such as light chain variable domain
sequence (e.g. a Vi -sequence) or a suitable fragment thereof; or a heavy chain variable
domain sequence (e.g. a Vur-sequence) or a suitable fragment thereof, When the amino acid
sequence ol the invention is a heavy 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 Vi sequence that is derived [rom a human antibody) or be a so-called
Vn-sequence (as defined herein) that is derived from a so-called “heavy chain antibody” (as
defined herein).

However, 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 amino acid sequence or nucleotide sequence of the
invention is (or has been) gencrated or obtained. Thus, the amino acid sequenccs of the
invention may be 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-synthelic immunoglobulin sequence, including
but not limited to “humanized” (as defined herein) immunoglobulin sequences (such as
partially or fully humanized mouse or rabbit immunoglobulin sequences, and in particular
partially or fully humanized Vuu sequences or Nanobodies), “camelized” (as defined herein)
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 occurring immunoglobulin sequences), CDR grafting, venecring, 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. Reference
is for example made to the standard handbooks, as well as to the further description and prior

art mentioned herein.
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Similarly, the nucleotide sequences of the invention may be naturally occurring
nucleotide sequences or synthetic or semi-synthetic sequences, and may for example be
sequences that are isolated by PCR from a suitable naturally occurring template (e.g. DNA or
RNA isolated from a cell), nucleotide sequences that have been isolated from a library (and in
particular, 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 [or DNA synthesis known per se.

The amino acid sequence of the invention may in particular be a domain antibody (or
an amino acid sequence that is suitable (or 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 Nanobody (as
defined herein, and including but not limited to a Vuu sequence); other single variable
domains, or any suitable fragment of any one thereof. For a general description of (single)
domain antibodies, reference is also made to the prior art cited above, as well as to EP 0 368
684. For the term “dAb’s”, reference is for cxample made to Ward ct al. (Naturc 1989 Oct 12;
341 (6242): 544-6), to Holt et al., Trends Biotechnol., 2003, 21(11):484-490; as well as to for
example WO 06/030220, WO 06/003388 and other published patent applications of
Domantis Ltd. It should also be noted that, although less preferred in the context of the
present invention because they are not of mammalian origin, single domain antibodies or
single variable domains can be derived from certain species of shark (for example, the so-
called “IgNAR domains”, see for example WO 05/18629).

In particular, the amino acid sequence of the invention may be a Nanobody® (as
defined herein) or a suitable fragment thereof, [Note: Nanobody®, Nanobodies® and
Nanoclone® are registered trademarks of Ablynx N.V.] Such Nanobodies directed against
RANK-L will also be referred to hercin as “Nanobodies of the invention™.

For a general description of Nanobodies, reference is made to the further description
below, as well as to the prior art cited herein. In this respect, it should however be noted that
this description and the prior art mainly described Nanobodies of the so-called “Vy3 class”
(i.e. Nanobodies with a high degree of sequence homology to human germline sequences of
the V;3 class such as DP-47, DP-51 or DP-29), which Nanobodies form a preferred aspect of

this invention. It should however be noted that the invention in its broadest sense generally
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covers any type of Nanobody directed against RANK-L, and for example also covers the
Nanobodies belonging to the so-called “Vy4 class” (i.e. Nanobodies with a high degree of
sequence homology to human germline sequences of the Vg4 class such as DP-78), as for
example described in WO 07/118670.

Generally, Nanobodies (in particular Vur sequences and partially humanized
Nanobodies) can in particular be characterized by the presence of one or more “Hallmark
residues” (as described herein) in one or more of the framework sequences (again as further
described herein),

Thus, generally, a Nanobody can be delined as an amino acid sequence with the

(general) structure

FR1 -CDR1-FR2 - CDR2 - FR3-CDR3 - FR4

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, and in which
one or more of the Hallmark residues are as further defined herein.

In particular, a Nanobody can bc an amino acid scqucnce with the (genceral) structurce

FR1 - CDR1-FR2 - CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to [ramework regions 1 to 4, respectively, and in which CDR1 to
CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which the
framework sequences are as further defined herein.

More in particular, a Nanobody can be an amino acid sequence with the (general)

structure

FR1 - CDRI1-FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which:

i) preferably 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 Hallmark

residues mentioned in Table A-3 below;
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and in which:

ii)

said amino acid sequence has at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ 1D NO’s: 1 to 22, in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that form the
CDR sequences (indicated with X in the sequences of SEQ ID NO’s: 1 to 22) are
disregarded.

In these Nanobodies, the CDR sequences are generally as further defined herein.

Thus, the invention also relates to such Nanobodies that can bind to (as defined

herein) and/or are direcled against RANK-L, to suitable [ragments thereol, as well as to

polypeptides that comprise or essentially consist of one or more of such Nanobodies and/or

suilable [ragments.

SEQ ID NO’s: 560-621 give the amino acid sequences of a number of Vi sequences

that have been raised against RANK-L.

In particular, the invention in some specific aspects provides:
amino acid sequences that are directed against (as defined herein) RANK-L and that
have at least 80%, preferably at least 85%, such as 90% or 95% or more sequence
identity with at least one of the amino acid sequences of SEQ ID NO’s: 560-621. These
amino acid sequences may further be such that they neutralize binding of RANK or
OPG to RANK-L; and/or compctc with RANK or OPG for binding to RANK-L; and/or
are directed against an interaction site (as defined herein) on RANK-L (such as the
RANK or OPG binding site);
amino acid sequences that cross-block (as defined herein) the binding of at least one of
the amino acid scquences of SEQ 1D NO’s: 560-621 to RANK-L and/or that compctc
with at least one ol the amino acid sequences of SEQ ID NO’s: 560-621 [or binding Lo
RANK-L. Again, these amino acid sequences may further be such that they neutralize
binding of the cognate ligand to RANK-L; and/or compete with the cognate ligand for
binding to RANK-L; and/or are directed against an interaction site (as defined herein)

on RANK-L (such as the RANK or OPG binding site);

which amino acid sequences may be as further described herein (and may for example be

Nanobodies); as well as polypeptides of the invention that comprise one or more of such

amino acid sequences (which may be as further described herein, and may for example be

bispecilic and/or biparatopic polypeptides as described herein), and nucleic acid sequences
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that encode such amino acid sequences and polypeptides. Such amino acid sequences and

polypeptides do not include any naturally occurring ligands.

Accordingly, some particularly preferred Nanobodies of the invention are Nanobodies
which can bind (as further defined herein) to and/or are directed against to RANK-L and
which:

1)  have at least 80% amino acid identity with at least one of the amino acid sequences of
SEQ ID NO’s: 560-621, in which for the purposes of determining the degree of amino
acid identity, the amino acid residues that form the CDR sequences are disregarded. In
this respect, reference is also made to Table A-1, which lists the [ramework 1
sequences (SEQ ID NO’s: 126-187), framework 2 sequences (SEQ ID NO’s: 250-311),
framework 3 sequences (SEQ ID NO’s: 374-435) and [ramework 4 sequences (SEQ ID
NO’s: 498-559) of the Nanobodies of SEQ 1D NO’s: 560-621 (with respect to the
amino acid residues at positions 1 to 4 and 27 to 30 of the framework 1 sequences,
reference is also made to the comments made below. Thus, for determining the degree
of amino acid identity, these residues are preferably disregarded);

and in which:

il)  prefcrably onc or morc of the amino acid residucs at positions 11, 37, 44, 45, 47, 83,
84, 103, 104 and 108 according to the Kabat numbering are chosen from the Hallmark
residues mentioned in Table A-3 below.

In these Nanobodies, the CDR sequences are generally as further defined herein.,

Again, such Nanobodies may be derived in any suitable manner and (rom any suitable
source, and may for example be naturally occurring Vyy sequences (i.e. from a suitable
species of Camelid) or synthetic or semi-synthetic amino acid sequences, including but not
limited to “humanized” (as defined herein) Nanobodies, “camelized” (as defined herein)
immunoglobulin sequences (and in particular camelized heavy chain variable domain
sequences), as well as Nanobodies that have been obtained by techniques such as affinity
maturation (for cxample, starting from synthctic, 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 a
Nanobody comprises a Vyy sequence, said Nanobody may be suitably humanized, as further

described herein, so as to provide one or more further (partially or fully) humanized
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Nanobodies of the invention. Similarly, when a Nanobody comprises a synthetic or semi-
synthetic sequence (such as a partially humanized sequence), said Nanobody may optionally
be further suitably humanized, again as described herein, again so as to provide one or more
further (partially or fully) humanized Nanobodies of the invention.

In particular, humanized Nanobodies may be amino acid sequences that are as
generally defined for Nanobodies in the previous paragraphs, but in which at least one amino
acid residue is present (and in particular, in at least one of the framework residues) that is
and/or that corresponds to a humanizing substitution (as defined herein). Some preferred, but
non-limiting humanizing substitutions (and suitable combinations thereol) will become clear
to the skilled person based on the disclosure herein. In addition, or alternatively, other
potentially useful humanizing substitutions can be ascertained by comparing the sequence ol
the framework regions of a naturally occurring Vi sequence with the corresponding
framework sequence of one or more closely related human Vy sequences, after which one or
more of the potentially useful humanizing substitutions (or combinations thereof) thus
determined can be introduced into said Vun sequence (in any manner known per se, as further
described herein) and the resulting humanized Vyy sequences can be tested for affinity for the
targct, for stability, for casc and lcvel of cxpression, and/or for other desired propertics. 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 skilled person based
on the disclosure herein. Also, based on the foregoing, (the framework regions of) a
Nanobody may be partially humanized or fully humanized.

Some particularly preferred humanized Nanobodies of the invention are humanized
variants of the Nanobodies of SEQ ID NO’s: 560-621, of which the amino acid sequences of
SEQ ID NO’s: 730-757 and 765 are some especially preferred examples.

Thus, some other preferred Nanobodies of the invention are Nanobodies which can
bind (as further defined herein) to RANK-L and which;

i)  arc a humanized variant of onc of the amino acid scquences of SEQ ID NO’s: 560-621;
and/or

ii)  have at least 80% amino acid identity with at least one of the amino acid sequences of
SEQ ID NO’s: 560-621 and/or at least one of the amino acid sequences of SEQ ID
NO’s: 730-757 and 765, 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:
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0 preferably 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 Hallmark
residues mentioned in Table A-3 below.

According to another specific aspect of the invention, the invention provides a number
of streches of amino acid residues (i.e. small peptides) that are particularly suited for binding
to RANK-L. These streches of amino acid residues may be present in, and/or may be
corporated into, an amino acid sequence of the invention, in particular in such a way that they
form (part of) the antigen binding site of an amino acid sequence of the invention. As these
streches ol amino acid residues were [irst generated as CDR sequences ol heavy chain
antibodies or Vyuy sequences that were raised against RANK-L (or may be based on and/or
derived from such CDR sequences, as [urther 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 streches of amino acid residues
may have in an amino acid sequence of the invention, as long as these streches of amino acid
residues allow the amino acid sequence of the invention to bind to RANK-L. Thus, generally,
the invention in its broadcst sensce compriscs any amino acid scquence that is capable of
binding to RANK-L and that comprises one or more CDR sequences as described herein, 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 to
RANK-L. 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 RANK-L; reference is for
example again made to the so-called “Expedite fragments” described in WO 03/05053 1.

Thus, in another specific, but non-limiting aspect, the amino acid sequence of the
invention may be an amino acid scquence that comprises at least one amino acid scquence
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).
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Generally, in this aspect of the invention, 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 for example again made to the “Expedite
fragments” described in WO 03/050531). Alternatively, such an amino acid sequence may be
a suitable “protein scaffold” that comprises least one stretch of amino acid residues that
corresponds to such a CDR sequence (i.¢. as part ol its antigen binding site). Suitable
scaffolds for presenting amino acid sequences will be clear to the skilled person, and for
example 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 (such as Affibodies™), tendamistat,
fibronectin, lipocalin, CTLA-4, T-cell receptors, designed ankyrin repeats, avimers and PDZ
domains (Binz ct al., Nat, Biotcch 2005, Vol 23:1257), and binding moictics 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).

Again, any amino acid sequence of the invention that comprises one or more of these
CDR sequences is prelerably such that il can specilically bind (as delined herein) to RANK-
L, and more in particular such that it can bind to RANK-L with an affinity (suitably measured
and/or expressed as a Kp-value (actual or apparent), a K4-value (actual or apparent), a k-
rate and/or a kofrrate, or alternatively as an ICso value, as further described herein), that is as
defined herein.

More in particular, the amino acid sequences according to this aspect of the invention
may be any amino acid sequence that comprises at lcast onc antigen binding sitc, 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 (i) 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; (i1) when the first amino acid sequence is chosen from the CDR2 sequences
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described herein, the second amino acid sequence is chosen from the CDR1 sequences
described herein or the CDR3 sequences described herein; or (iii) 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.

Even more in particular, the amino acid sequences of the invention 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 [rom the CDR2
sequences described herein, and the third amino acid sequence is chosen from the CDR3
sequences described herein, Preferred combinations of CDR1, 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 for example also be any other amino acid sequence that comprises a
suitablc scaffold for presenting said CDR secquences.

Thus, in one specific, but non-limiting aspect, the invention relates to an amino acid
sequence directed against RANK-L, that 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: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

¢) 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: 188-249;

d)  the amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

c) amino acid scquences that have at Icast 80% amino acid identity with at lcast onc of the
amino acid sequences of SEQ ID NO’s: 312-373 and 758;

) 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: 312-373 and 758;

g}  the amino acid sequences of SEQ ID NO’s: 436-497;

h)  amino acid sequences that have at least 80% amino acid identity with at least one of the

amino acid sequences of SEQ ID NO’s: 436-497;
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0 amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the
amino acid sequences of SEQ 1D NO’s: 436-497;

or any suitable combination thereof.

When an amino 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) and/or ¢) is
preferably, and compared to the corresponding amino acid sequence according to a), a
conservative amino acid substitution, (as defined herein);

and/or

ii)  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

iii)  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.

Similarly, when an amino acid scquence of the invention contains onc or morc amino

acid sequences according to ¢) and/or 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, (as deflined herein);

and/or

ii)  the amino acid sequence according to ¢) and/or f) preferably only contains amino acid
substitutions, and no amino acid deletions or insertions, compared to the corresponding
amino acid sequence according to d);

and/or

iii) thc amino acid scquencce according to ¢) and/or f) may be an amino acid scquence 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.

Also, similarly, when an amino acid sequence of the invention contains one or more

amino acid sequences according to h) and/or 1):
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1)  any amino acid substitution in such an amino acid sequence according to h) and/or 1) is
preferably, and compared to the corresponding amino acid sequence according to g), a
conservative amino acid substitution, (as defined herein);

and/or

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

and/or

1)  the amino acid sequence according to h) and/or 1) 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 lechniques ol allinity maturation known per se.

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 b), ¢), e), f), h) or i), respectively.

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

i) the amino acid scquences of SEQ 1D NO’s: 188-249;

il)  the amino acid sequences of SEQ ID NO’s: 312-373 and 758; and

iii) the amino acid sequences of SEQ ID NO’s: 436-497;

or any suitable combination thereof.

Also, preferably, in such an amino acid sequence, at least one ol said stretches of
amino acid residues forms part of the antigen binding site for binding against RANK-L.

In a more specific, but again non-limiting aspect, the invention relates to an amino
acid sequence directed against RANK-L, that comprises two or more stretches of amino acid
residues chosen from the group consisting of:

a)  the amino acid sequences of SEQ 1D NO’s: 188-249;

b) amino acid sequenccs that have at lcast 80% amino acid identity with at lcast onc of the
amino acid sequences of SEQ ID NO’s: 188-249;

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: 188-249;

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

e) amino acid sequences that have at least 80% amino acid identity with at least one of the

amino acid sequences of SEQ ID NO’s: 312-373 and 758;
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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: 312-373 and 758;
g)  the amino acid sequences of SEQ ID NO’s: 436-497;
h)  amino acid sequences that have at least 80% amino acid identity with at least one of the

amino acid sequences of SEQ ID NO’s: 436-497;
0 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: 436-497;
such that (i) when the first stretch of amino acid residues corresponds to one of the amino
acid sequences according to a), b) or ¢}, the second stretch of amino acid residues
corresponds to one of the amino acid sequences according to d), e), f), g), h) or i); (ii) when
the (irst stretch of amino acid residues corresponds Lo one ol 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), h) or 1); or (iii) 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), ¢) or f).

In this specific aspect, the amino acid scquence preferably compriscs two or morc
stretches of amino acid residues chosen from the group consisting of;
i)  the amino acid sequences of SEQ ID NO’s: 188-249;
ii)  the amino acid sequences of SEQ ID NO’s: 312-373 and 758; and
iii)  the amino acid sequences of SEQ ID NO’s: 436-497;
such that, (i) when the first stretch of amino acid residues corresponds to one of the amino
acid sequences of SEQ ID NO’s: 188-249, the second stretch of amino acid residues
corresponds to one of the amino acid sequences of SEQ ID NO’s: 312-373 and 758 or of
SEQ ID NO’s: 436-497; (ii) when the first stretch of amino acid residues corresponds to one
of the amino acid sequences of SEQ 1D NO’s; 312-373 and 758, the second stretch of amino
acid residucs corresponds to one of the amino acid sequences of SEQ ID NQO’s: 188-249 or of
SEQ ID NO’s: 436-497; or (iii) when the first stretch of amino acid residues corresponds to
one of the amino acid sequences of SEQ ID NO’s: 436-497, the second stretch of amino acid
residues corresponds to one of the amino acid sequences of SEQ ID NO’s: 188-249 or of
SEQ ID NO’s: 312-373 and 758.
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 RANK-L.
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In an even more specific, but non-limiting aspect, the invention relates to an amino
acid sequence directed against RANK-L, that comprises three or more stretches of amino acid
residues, in which the first stretch of amino acid residues is chosen from the group consisting
of:

a)  the amino acid sequences of SEQ ID NO’s; 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the
amino acid sequences ol SEQ 1D NO’s: 188-249;

the second stretch of amino acid residues is chosen from the group consisting of:

d)  the amino acid sequences ol SEQ ID NO’s: 312-373 and 758;

e) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

f)  amino acid sequences that have 3, 2, or | amino acid difference with at least one of the
amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

and the third stretch of amino acid residues is chosen from the group consisting of;

g)  thc amino acid scquences of SEQ 1D NQ’s: 436-497;

h)  amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ 1D NO’s: 436-497;

i) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the
amino acid sequences ol SEQ ID NO’s: 436-497.

Preferably, in this specifc aspect, the first stretch of amino acid residues is chosen
from the group consisting of the amino acid sequences of SEQ ID NO’s: 188-249; the second
stretch of amino acid residues is chosen from the group consisting of the amino acid
sequences of SEQ ID NO’s: 312-373 and 758; and the third stretch of amino acid residues is
chosen from the group consisting of the amino acid sequences of SEQ ID NO’s: 436-497.

Again, prcferably, in such an amino acid scquence, the at Icast three stretches of
amino acid residues forms part of the antigen binding site for binding against RANK-L.

Preferred combinations of such stretches of amino acid sequences will become clear
from the further disclosure herein.

Preferably, in such amino acid sequences the CDR sequences have at least 70% amino
acid identity, preferably at least 80% amino acid identity, more preferably at least 90% amino

acid identity, such as 95% amino acid identity or more or even essentially 100% amino acid
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identity with the CDR scquencces of at lcast onc of the amino acid scquences of SEQ ID
NO’s: 560-621. This degree of amino acid identity can for example 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: 560-621, in which
the amino acid residues that form the framework regions are disregarded. Also, such amino
acid sequences of the invention can be as further described herein.

Also, such amino acid sequences are preferably such that they can specifically bind
(as defined herein) to RANK-L; and more in particular bind to RANK-L with an affinity
(suitably measurcd and/or expressed as a Kjy-value (actual or apparent), a K4-valuc (actual or
apparent}, a k,-rate and/or a k. g-rate, or alternatively as an 1Csq value, as further described
herein) that is as defined herein.

When the amino acid sequence of the invention essentially consists of 4 framework
regions (FR1 to FR4, respectively) and 3 complementarity determining regions (CDR1 to
CDR3, respectively), the amino acid sequence of the invention is preferably such that:

- CDR1 is chosen from the group consisting of:

a)  the amino acid sequences of SEQ ID NO’s: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

¢) 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: 188-249;

and/or

- CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

¢) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 312-373 and 758;

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: 312-373 and 758;

and/or

- CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497,

h)  amino acid sequences that have at least 80% amino acid identity with at least one of the

amino acid sequences of SEQ ID NO’s: 436-497;
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0 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: 436-497.

In particular, such an amino acid sequence of the invention may be such that CDR1 is
chosen from the group consisting of the amino acid sequences of SEQ ID NO’s: 188-249;
and/or CDR2 is chosen from the group consisting of the amino acid sequences of SEQ ID
NO’s: 312-373 and 758; and/or CDR3 is chosen from the group consisting of the amino acid
sequences of SEQ ID NO’s: 436-497.

In particular, when the amino acid sequence of the invention essentially consists of 4
framework regions (FR1 to FR4, respectively) and 3 complementarity determining regions
(CDRI1 to CDR3, respectively), the amino acid sequence of the invention is preferably such
that:

- CDRI1 is chosen from the group consisting of:

a)  the amino acid sequences of SEQ ID NO’s: 188-249;

b)  amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the
amino acid scquences of SEQ ID NO’s: 188-249;

and

- CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

e) amino acid sequences that have at least 80% amino acid identity with al least one of the
amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

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: 312-373 and 758;

and

- CDR3 is chosen from the group consisting of:

g)  thc amino acid scquences of SEQ 1D NO’s: 436-497;

h)  amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ 1D NO’s: 436-497;

1)  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: 436-497; or any suitable fragment of such an

amino acid sequence.
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In particular, such an amino acid sequence of the invention may be such that CDR1 is
chosen from the group consisting of the amino acid sequences of SEQ ID NO’s: 188-249;
and CDR2 is chosen from the group consisting of the amino acid sequences of SEQ ID NO’s:
312-373 and 758; and CDR3 is chosen from the group consisting of the amino acid sequences
of SEQ ID NO’s: 436-497.

Again, preferred combinations of CDR sequences will become clear from the further
description herein.

Also, such amino acid sequences are preferably such that they can specifically bind
(as delined herein) to RANK-L; and more in particular bind to RANK-L with an allinity
(suitably measured and/or expressed as a Kpy-value (actual or apparent), a K,-value (actual or
apparent), a keg-rale and/or a korr-rate, or alternatively as an [Cso value, as [urther described
herein) that is as defined herein.

In one preferred, but non-limiting aspect, the invention relates to an amino acid
sequence that essentially consists of 4 framework regions (FR1 to FR4, respectively) and 3
complementarity determining regions (CDR1 to CDR3, respectively), in which the CDR
sequences of said amino acid sequence have at least 70% amino acid identity, preferably at
lcast 80% amino acid identity, morc preferably at least 90% 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: 560-621. This degree
of amino acid identity can for example 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: 560-621, in which the amino acid residues that form
the framework regions are disregarded. Such amino acid sequences of the invention can be as
further described herein.

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, for cxample on the basis the standard handbooks and the further
disclosure and prior art mentioned herein.

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 V-
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sequence). In one particularly preferred aspect, the framework sequences are either
framework sequences that have been derived from a Vyyu-sequence (in which said framework
sequences may optionally have been partially or fully humanzed) or are conventional Vi
sequences that have been camelized (as defined herein).

The framework sequences are preferably such that the amino acid sequence of the
invention is a domain antibody (or an 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 amino acid sequence that is suitable for
use as a dAb); or is a Nanobody'™ (including but not limited to Vyy sequence). Again,
suitable framework sequences will be clear to the skilled person, for example on the basis the
standard handbooks and the (urther disclosure and prior art mentioned herein.

In particular, the framework sequences present in the amino acid sequences of the
invention may contain one or more of Hallmark residues (as defined herein), such that the
amino acid sequence of the invention is a Nanobody. Some preferred, but non-limiting
examples of (suitable combinations of) such framework sequences will become clear from
the further disclosure herein.

Again, as gencrally desceribed hercin for the amino acid scquences of the invention, it
is also 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/or linked via one or more framework sequences (for example, in the same order as these
CDR’s and framework sequences may occur in the [ull-sized immunoglobulin sequence [rom
which the fragment has been derived). Such fragments may also again be such that they
comprise or can form an immunoglobulin fold, or alternatively be such that they do not
comprise or cannot form an immunoglobulin fold.

In one specific 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
framcwork scquence (and in particular, part of the framcwork scquence(s) that, in the
immunoglobulin 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 disulphide 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
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cysteine residues may be synthetically added to or introduced into said framework regions).
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
capable of binding to serum proteins” of Ablynx N.V. (inventors: Revets, Hilde Adi
Pierrette; Kolkman, Joost Alexander; and Hoogenboom, Hendricus Renerus Jacobus
Mattheus) filed on December 5, 2006 (see also PCT/EP2007/063348).

In another aspect, the invention relates to a compound or construct, and in particular a
protein or polypeptide (also referred to herein as a “compound of the invention” or
“polypeptide of the invention”, respectively) that comprises or essentially consists of one or
more amino 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 to 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 it is present) and may or may not modify the properties of the amino acid
sequence of the invention,

For cxample, such further groups, residucs, moictics or binding units may be onc or
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
prelerably, said one or more other groups, residues, moieties or binding units are chosen [rom
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 Nanobodies.

Alternatively, such groups, residues, moieties or binding units may for example be
chemical groups, residues, moieties, which may or may not by themselves be biologically
and/or pharmacologically actlive. 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.

Also within the scopc of the present invention arc compounds or constructs, that

comprises or essentially consists of one or more derivatives as described herein, and
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optionally further comprises one or more other groups, residues, moieties 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.

In the compounds or constructs described above, the one or more amino acid
sequences of the invention and the one or more groups, residues, moicties 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 [usion (protein) or [usion (polypeptide).

The compounds or polypeptides of the invention can generally be prepared by a
method which comprises at least one step ol 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
rccovering the cxpressced polypeptide of the invention. Such methods can be performed in a
manner known per se, which will be clear to the skilled person, for example on the basis of
the methods and techniques further described herein.

The process of designing/selecting and/or preparing a compound or polypeptide of the
invention, slarting from an amino acid sequence ol the invention, is also referred to herein as
“formarting” 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 scquences form a further aspect of the invention.

In one specific aspect of the invention, a compound of the invention or a polypeptide
of the invention may have an increased half-life, compared to the corresponding amino acid
sequence of the invention. Some preferred, but non-limiting examples of such compounds
and polypeptides will become clear to the skilled person based on the further disclosure
herein, and for example comprise amino acid sequences or polypeptides of the invention that

have been chemically modified to increase the half-life thereof (for example, by means of
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pegylation); amino acid sequences 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 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 moicties or amino acid sequences will become clear to
the skilled person based on the further disclosure herein; and for example 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 (ragments thereol (such as (human) serum
albumin or suitable fragments thereof) or to one or more binding units that can bind to serum
proteins (such as, [or example, domain antibodies, amino acid sequences that are suitable (or
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 IgG, or transferrine; reference is
made to the further description and references mentioned herein); polypeptides in which an
amino acid scquence of the invention is linked to an Fe portion (such as a human Fc) or a
suitable part or fragment thereof; or polypeptides in which the one or more amino acid
sequences 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 the US provisional application ol
Ablynx N.V. entitled "Peptides capable of binding to serum proteins” of Ablynx N.V. filed
on December 5, 2006 (see also PCT/EP2007/063348).

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 times, such as at least
5 times, for example at least 10 times or more than 20 times, greater than the half-life of the
corrcsponding amino acid scquence of the invention per sc. For cxample, 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.

In a preferred, but non-limiting aspect of the invention, such compounds or

polypeptides of the invention have a serum half-life that is increased with more than 1 hours,
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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.

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 least 5 days (such as about 5 to 10 days), preferably at least 9 days (such as about 9
to 14 days), more prelerably 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 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).

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 invention” and
may for example be in the form of a genetic construct, as further described herein.

In another aspect, the invention relates to a host or host cell that expresses (or that
undcr suitable circumstances is capable of cxpressing) 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.

The invention (urther 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 thereof) 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 for example be a
pharmaceutical composition (as described herein), a veterinary composition or a product or
composition for diagnostic usc (as also described hercin). Some preferred but non-limiting
examples of such products or compositions will become clear from the further description
herein.

The invention also relates to the use of an amino acid sequence, Nanobody or
polypeptide of the invention, or of a composition comprising the same, in (methods or
compositions for) modulating RANK-L, either in vitro (e.g. in an in vitro or cellular assay) or

in vivo (e.g. in an a single cell or in a multicellular organism, and in particular in a mammal,
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and more in particular in a human being, such as in a human being that is at risk of or suffers
from a bone disease or disorder).

The invention also relates to methods for modulating RANK-L, 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 bone disease or disorder), which method comprises at least
the step of contacting RANK-L with at least one amino acid sequence, Nanobody or
polypeptide of the invention, or with a composition comprising the same, in a manner and in
an amount suitable to modulate RANK-L, with at least one amino acid sequence, Nanobody
or polypeptide of the invention.

The invention also relates to the use ol an one amino acid sequence, Nanobody or
polypeptide of the invention in the preparation of a composition (such as, without limitation,
a pharmaceutical composition or preparation as further described herein) for modulating
RANK-L, 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 bone disease or
disordcr).

In the context of the present invention, “modulating” or “to modulate” generally
means either reducing or inhibiting the activity of, or alternatively increasing the activity of,
RANK-L, as measured using a suitable in vitro, cellular or in vivo assay (such as those
mentioned herein). In particular, “modulating” or “1o modulate” may mean ¢ither reducing or
inhibiting the activity of, or alternatively increasing the activity of RANK-L, 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 least 25%, for example by at least 50%,
at least 60%, at least 70%, at least 80%, or 90% or more, compared to activity of RANK-L in
the same assay under the same conditions but without the presence of the amino acid
scquence, Nanobody or polypeptide of the invention.

As will be clear to the skilled person, “modulating” may also involve effecting a
change (which may either be an increase or a descrease) in affinity, avidity, specificity and/or
selectivity of RANK-L 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 RANK-L for one
or more conditions in the medium or surroundings in which RANK-L is present (such as pH,

ion strength, the presence of co-factors, etc.), compared to the same conditions but without
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the presence of the amino acid sequence, Nanobody or polypeptide 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 prior art
cited herein.

“Modulating” may also mean effecting a change (i.e. an activity as an agonist or as an
antagonist, respectively) with respect to one or more biological or physiological mechanisms,
effects, responses, functions, pathways or activities in which RANK-L (or in which its
substrate(s), ligand(s) or pathway(s) are involved, such as its signalling pathway or metabolic
pathway and their associated biological or physiological eflects) is involved. 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 prior art 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%, for example by at least 50%, at
least 60%, at least 70%, at least 80%, or 90% or more, compared to the biological or
physiological activity in thc same assay undcr the samc conditions but without the presence
of the amino acid sequence, Nanobody or polypeptide of the invention,

Modulating may for example involve reducing or inhibiting the binding of RANK-L
to one of its substrates or ligands and/or competing with a natural ligand, substrate for
binding to RANK-L. Modulating may also involve activating RANK-L or the mechanism or
pathway in which it is involved. Modulating may be reversible or irreversible, but for
pharmaceutical and pharmacological purposes will usually be in a reversible manner.

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 hercin.

Generally, these methods may comprise the steps of:

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

b)  screening said set, collection or library of amino acid sequences for amino acid
sequences that can bind to and/or have affinity for RANK-L;

and

c) isolating the amino acid sequence(s) that can bind to and/or have affinity for RANK-L.
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In such 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.

Also, in such a method, the set, collection or library of amino acid sequences may be a
sel, collection or library ol heavy chain variable domains (such as Vg domains or Vyy
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 ol 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.

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, for
example derived from a mammal that has been suitably immunized with RANK-L or with a
suitablc antigenic determinant basced thercon or derived thercfrom, 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).

In the above methods, the set, collection or library ol 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, for example 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).

In another aspcet, the mcthod for gencrating amino acid scquences 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 and/or have affinity for RANK-L;

and
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c) either (i) isolating said amino acid sequence; or (ii) isolating from said cell a nucleic
acid sequence that encodes said amino acid sequence, followed by expressing said
amino acid sequence.

For example, when the desired amino acid sequence is an immunoglobulin sequence,
the collection or sample of cells may for example 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 RANK-L 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 delerminant may be an extracellular part, region,
domain, loop or other extracellular epitope(s).

The above method may be performed in any suitable manner, as will be clear to the
skilled person. Reference is for example made to EP 0 542 810, WO 05/19824, WO
04/051268 and WO 04/106377. The screening of step b) is preferably performed using a flow
cytometry technique such as FACS. For this, reference is for example made to Lieby et al.,
Blood, Vol. 97, No. 12, 3820 (2001).

In another aspect, the method for generating an amino acid sequence directed against
RANK-L may comprisc at Icast the stcps 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 thal encode an amino acid sequence that can bind to and/or has allinity (or
RANK-L;

and

c) isolating said nucleic acid sequence, followed by expressing said amino acid sequence.
In such a method, the set, collection or library of nucleic acid sequences encoding

amino acid sequences may for example be a set, collection or library of nucleic acid

scquences cncoding a naive sct, collection or library of immunoglobulin scquenccs; a sct,
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, collection or library of immunoglobulin sequences that
have been subjected to affinity maturation.

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 Vg domains or
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Vrr domains) or of light chain variable domains. For example, the set, collection or library of

nucleic acid sequences may 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.

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 nucleic acid sequences, for example
derived from a mammal that has been suitably immunized with RANK-L or with a suitable
antigenic determinant based thereon or derived therefrom, such as an antigenic part,
fragment, region, domain, loop or other epitope thereol. In one particular aspect, said
antigenic determinant may be an extracellular part, region, domain, loop or other extracellular
epitope(s).

The set, collection or library of nucleic acid sequences may for example 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 nucleotide sequences may
encode a set, collection or library of Vun sequences.

In the above methods, the set, collection or library of nucleotide sequences may be
displaycd on a phage, phagemid, ribosome or suitablc micro-organism (such as ycast), 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, for example on the basis of the further
disclosure herein. Relerence is also made Lo the review by Hoogenboom in Nature
Biotechnology, 23, 9, 1105-1116 (2005).

In another aspect, the method for generating an amino acid sequence directed against
RANK-L 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 sct, collection or library of nuclcic acid scquences for nuclcic acid
sequences that encode an amino acid sequence that can bind to and/or has affinity for
RANK-L and that is cross-blocked or is cross blocking a Nanobody of the invention,
e.g. SEQ ID NO’s: 560-621, or a humanized Nanobody of the invention, e.g. SEQ ID
NO’s: 730-757 and 765, or a polypeptide or construct of the invention, e.g. SEQ ID
NO’s: 622-729, 759-762 and 766-789; and

¢) isolating said nucleic acid sequence, followed by expressing said amino acid sequence.
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The invention also relates to amino acid sequences that are obtained by the above
methods, or alternatively 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 immunoglobulin sequence; and of expressing or synthesizing said amino acid sequence
in a manner known per se, such as by expression in a suitable host cell or host organism or by
chemical synthesis.

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 Lo one or more other suitable amino acid sequences
(optionally 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 imvention 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 nucleotide 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.

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 for diseases and
disorders associated with RANK-L. Some prelerred but non-limiting applications and uses
will become clear from the further description herein.

The invention also relates to the amino acid sequences, compounds, constructs,
polypeptides, nucleic acids, host cells, products and compositions described herein for use in
therapy.

In particular, the invention also relates to the amino acid sequences, compounds,
constructs, polypeptides, nucleic acids, host cells, products and compositions described
herein for use in therapy of a disease or disorder that can be prevented or treated by
administering, to a subject in need thereof, of (a pharmaceutically effective amount of) an
amino acid sequence, compound, construct or polypeptide as described herein.

More in particular, 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 bone diseases and disorders.
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Other aspects, embodiments, advantages and applications of the invention will also
become clear from the further description herein, in which the invention will be described
and discussed in more detail with reference to the Nanobodies of the invention and
polypeptides of the invention comprising the same, which form some of the preferred aspects
of the invention.

As will become clear from the further description herein, Nanobodies 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
Nanobodies ol the invention. However, il 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 ol the invention.

Detailed desciption of the invention
In the present description, examples and claims:

a)  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 for example made to the
standard handbooks, such as Sambrook ct al, "Molccular 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 II”, John Wiley & Sons, New
York, N.Y., (1985); Old et al,, “Principles ol Gene Manipulation; An Introduction to
Genetic Engineering”, 2nd edition, 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;

b}  Unless indicated otherwisc, the term “immunoglobulin sequence” - whether used herein
to refer to a heavy chain antibody or to a conventional 4-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 Vur domains or Vu/VL domains, respectively). In
addition, the term “sequence” as used herein (for example in terms like

68 LTS
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sequence” or “protein sequence”), should generally be understood to include both the
relevant amino acid sequence as well as nucleic acid sequences or nucleotide sequences
encoding the same, unless the context requires a more limited interpretation;

Unless indicated otherwise, all methods, steps, techniques and manipulations that are
not specifically described in detail can be performed and have been performed in a
manner known per se, as will be clear to the skilled person. Reference is for example
again made to the standard handbooks and the general background art mentioned herein
and to the further references cited therein; as well as to for example the following
reviews Presta, Ady. Drug Deliv. Rev. 2006, 58 (5-6): 640-56; Levin and Weiss, Mol.
Biosyst. 2006, 2(1): 49-57; 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 Biol.,
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 immunoglobulins.

Amino acid residues will be indicated according to the standard three-letter or one-

letter amino acid code, as mentioned in Table A-2;
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Table A-2: one-letter and three-letter amino acid code

PCT/EP2008/056383

Nonpolar, Alanine Ala A
uncharged Valine Val \Y%
(at pH 6.0 - Leucine Leu L
7.0) Isolcucine Il I
Phenylalanine Phe F
Methioninc™ Met M
Tryptophan Trp W
Prolinc Pro P
Polar, Glycine(z) Gly G
uncharged Serine Ser S
(at pH 6.0-7.0) | Threonine Thr T
Cysteine Cys C
Asparagine Asn N
Glutamine Gln Q
Tyrosine Tyr Y
Polar, Lysine Lys K
charged Arginine Arg R
(at pH 6.0-7.0) | Histidine™ His H
Aspartate Asp D
Glutamate Glu E

Notes:

M Sometimes also considered to be a polar uncharged amino acid.

@ Sometimes also considered to be a nonpolar uncharged amino acid.

@ As will be clear to the skilled person, the fact that an amino acid residue is referred to in
this Table as being either charged or uncharged at pH 6.0 to 7.0 does not reflect in any
way on the charge said amino acid rcsiduc may have at a pH lower than 6.0 and/or at a
pH higher than 7.0; the amino acid residues mentioned in the Table can be either charged

and/or uncharged at such a higher or lower pH, as will be clear to the skilled person.

@

shifts in pH, but a His residu can generally be considered essentially uncharged at a pH of

about 6.5.

As is known in the art, the charge of a His residue is greatly dependant upon even small
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For the 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 by dividing [the number of nucleotides in the first
nucleotide sequence that are identical to the nucleotides at the corresponding positions
in the second nucleotide sequence] by [the total number of nucleotides in the first
nucleotide sequence] and multiplying by [/00%], in which each deletion, insertion,
substitution or addition of a nucleotide in the second nucleotide sequence - compared to
the first nucleotide sequence - is considered as a difference at a single nucleotide
(position).

Alternatively, the degree of sequence identity between two or more nucleotide
sequences may be calculated using a known computer algorithm [or sequence
alignment such as NCBI Blast v2.0, using standard settings.

Some other techniques, computer algorithms and settings for determining the degree of
sequence identity are for example described in WO 04/037999, EP 0 967 284, EP 1 085
089, WO 00/55318, WO 00/78972, WO 98/49185 and GB 2 357 768-A.

Usually, for the purpose of determining the percentage of “sequence identity” between
two nucleotide scquences in accordance with the calculation method outlined
hereinabove, the nucleotide sequence with the greatest number of nucleotides will be
taken as the “first” nucleotide sequence, and the other nucleotide sequence will be
taken as the “second” nucleotide sequence;

For the purposes of comparing two or more amino acid sequences, the percentage ol
“sequence identity” between a first amino acid sequence and a second amino acid
sequence (also referred to herein as “amino acid identity’) may be calculated by
dividing [the number of amino acid residues in the first amino acid sequence that are
identical to the amino acid residues at the corresponding positions in the second amino
acid sequence] by [the total number of amino acid residues in the first amino acid
sequence] and multiplying by [700%], in which cach dclction, inscrtion, substitution or
addition of an amino acid residue in the second amino acid sequence - compared to the
first amino acid sequence - is considered as a difference at a single amino acid residue
(position), i.e. as an “amino acid difference” as defined herein.

Alternatively, the degree of sequence identity between two amino acid sequences may

be calculated using a known computer algorithm, such as those mentioned above for
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determining the degree of sequence identity for nucleotide sequences, again using
standard settings.

Usually, for the purpose of determining the percentage of “sequence identity” between
two amino acid sequences in accordance with the calculation method outlined
hereinabove, the amino acid sequence with the greatest number of amino acid residues
will be taken as the “first” amino acid sequence, and the other amino acid sequence
will be taken as the “second” amino acid sequence.

Also, 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, which can generally be described as amino acid substitutions in
which an amino acid residue is replaced with another amino acid residue ol similar
chemical structure and which has little or essentially no influence on the function,
activity or other biological properties of the polypeptide. Such conservative amino acid
substitutions are well known in the art, for example from WO 04/037999, GB-A-3 357
768, WO 98/49185, WO 00/46383 and WO 01/09300; and (preferred) types and/or
combinations of such substitutions may be selected on the basis of the pertinent
tcachings from WO 04/037999 as well as WO 98/49185 and from the further references
cited therein.

Such conservative substitutions preferably are substitutions in which one amino acid
within the following groups (a) — (e} is substituted by another amino acid residue within
the same group: (a) small aliphatic, nonpolar or slightly polar residues: Ala, Ser, Thr,
Pro and Gly; (b) polar, negatively charged residues and their (uncharged) amides: Asp,
Asn, Glu and Gln; (c) polar, positively charged residues: His, Arg and Lys; (d) large
aliphatic, nonpolar residues: Met, Leu, Ile, Val and Cys; and (¢) aromatic residues: Phe,
Tyr and Trp.

Particularly preferred conservative substitutions are as follows: Ala into Gly or into
Scr; Arg into Lys; Asn into Gln or into His; Asp into Glu; Cys into Scr; Gln into Asn;
Glu into Asp; Gly into Ala or into Pro; His into Asn or into Gln; Ile into Leu or into
Val; Leu into Ile or into Val; Lys into Arg, into Gln or into Glu; Met into Leu, into Tyr
or into Ile; 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 Ile or into Leu.

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
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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. Nad. Acad Sci. USA 81: 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, all
incorporated herein in their entirety by reference. Information on the primary,
secondary and tertiary structure of Nanobodies is given in the description herein and in
the general background art cited above. Also, [or this purpose, the crystal structure ol a
Vyn domain from a llama is for example given by Desmyter et al., Nature Structural
Biology, Vol. 3, 9, 803 (1996); Spinelli et al., Natural Structural Biology (1996); 3,
752-757; and Decanniere et al., Structure, Vol. 7, 4, 361 (1999). Further information
about some of the amino acid residues that in conventional Vi domains form the Vi/Vp
interface and potential camelizing substitutions on these positions can be found in the
prior art cited above.
Amino acid sequences and nucleic acid sequences are said to be “exactly the same” if
they have 100% scquence identity (as defined herein) over their entire length;
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, lwo or more such amino acid dillerences;
When a nucleotide sequence or amino acid sequence is said to “comprise” another
nucleotide sequence or amino acid sequence, respectively, or to “essentially consist of”
another nucleotide sequence or amino acid sequence, this may mean that the latter
nucleotide sequence or amino acid sequence has been incorporated into the
firstmentioned nucleotide sequence or amino acid sequence, respectively, but more
usually this gencrally means that the firstmentioned nuclcotide scquence or amino acid
sequence comprises 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, irrespective of how the firstmentioned sequence has
actually been generated or obtained (which may for example be by any suitable method
described herein). By means of a non-limiting example, when a Nanobody of the

invention is said to comprise a CDR sequence, this may mean that said CDR sequence
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has been incorporated into the Nanobody of the invention, but more usually this
generally means that the Nanobody of the invention contains within its sequence a
stretch of amino acid residues with the same amino acid sequence as said CDR
sequence, irrespective of how said Nanobody of the invention has been generated or
obtained. It should also be noted that when the latter amino acid sequence has a specific
biological or structural function, it preferably has essentially the same, a similar or an
equivalent biological or structural function in the firstmentioned amino acid sequence
(in other words, the firstmentioned amino acid sequence is preferably such that the
latter sequence is capable ol performing essentially the same, a similar or an equivalent
biological or structural function). For example, when a Nanobody of the invention is
said to comprise a CDR sequence or [ramework sequence, respectively, the CDR
sequence and framework are preferably capable, in said Nanobody, of functioning as a
CDR sequence or framework sequence, respectively. Also, when a nucleotide sequence
is said to comprise another nucleotide sequence, the firstmentioned nucleotide sequence
is preferably such that, when it is expressed into an expression product (e.g. a
polypeptide), the amino acid sequence encoded by the latter nucleotide sequence forms
part of said cxpression product (in other words, that the latter nuclcotide scquence is in
the same reading frame as the firstmentioned, larger nucleotide sequence).
A nucleic acid sequence or amino acid sequence is considered to be “(in) essentially
isolated (form)” - for example, compared to its native biological source and/or the
reaction medium or cultivation medium from which it has been obtained - when it has
been separated from at least one other component with which it is usually associated in
said source or medium, such as another nucleic acid, another protein/polypeptide,
another biological component or macromolecule or at least one contaminant, impurity
or minor component. In particular, a nucleic acid sequence or amino acid sequence is
considered “essentially isolated” when it has been purified at least 2-fold, in particular
at lcast 10-fold, morc in particular at lcast 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 homogeneous, as determined using a suitable technique, such as a
suitable chromatographical technique, such as polyacrylamide-gel electrophoresis;
The term “domain” as used herein generally refers to a globular region of an amino acid
sequence (such as 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.
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Usually, such a domain will comprise peptide loops (for example 3 or 4 peptide loops)
stabilized, for example, as a sheet or by disulfide bonds. The term “binding domain”
refers to such a domain that is directed against an antigenic determinant (as defined
herein);
The term “antigenic determinant” refers to the epitope on the antigen recognized by the
antigen-binding molecule (such as a Nanobody or a polypeptide of the invention) and
more in particular by the antigen-binding site of said molecule. The terms “antigenic
determinant” and “epitope” may also be used interchangeably herein,
An amino acid sequence (such as a Nanobody, an antibody, a polypeptide ol the
invention, or generally an antigen binding protein or polypeptide or a fragment thereof)
that can (specilically) bind to, that has allinity (or and/or that has specilicity [or a
specific antigenic determinant, epitope, antigen or protein (or for at least one part,
fragment or epitope thercof) is said to be “agains?’ or “directed against” said antigenic
determinant, epitope, antigen or protein.
The term “specificity” refers to the number of different types of antigens or antigenic
determinants to which a particular antigen-binding molecule or antigen-binding protein
(such as a Nanobody or a polypeptide of the invention) molccule can bind. The
specificity of an antigen-binding protein can be determined based on affinity and/or
avidity. The 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
belween an antigenic determinant and an antigen-binding site on the antigen-binding
protein: the lesser the value of the Kp, 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 (for example on the basis of the further disclosure herein), affinity can be
determined in a manner known per se, depending on the specific antigen of interest.
Avidity is the mcasurc of the strength of binding between an antigen-binding molccule
(such as a Nanobody or polypeptide of the invention) and the pertinent antigen, Avidity
is related to both the affinity between an antigenic determinant and its antigen binding
site on the antigen-binding molecule and the number of pertinent binding sites present
on the antigen-binding molecule. Typically, antigen-binding proteins (such as the
amino acid sequences, Nanobodies and/or polypeptides of the invention) will bind to

their antigen with a dissociation constant (Kp) of 10° to 107 moles/liter or less, and
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preferably 107 to 107" moles/liter or less and more preferably 10® to 10™* moles/liter
(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). Any Ky,
value greater than 10* mol/liter (or any Ka value lower than 10* M'l) liters/mol is
generally considered to indicate non-specific binding. Preferably, a monovalent
immunoglobulin sequence of the invention will bind to the 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 binding of an antigen-binding protein to an
anligen or antigenic determinant can be determined in any suitable manner known per
se, including, for example, Scatchard analysis and/or competitive binding assays, such
as radioimmunoassays (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.
The dissociation constant may be the actual or apparent dissociation constant, as will be
clear to the skilled person. Methods for determining the dissociation constant will be
clear to the skilled person, and for example include the techniques mentioned herein. In
this respect, it will also be clear that it may not be possiblc to mcasure dissociation
constants of more then 10™ moles/liter or 10” moles/liter (e,g, of 10” moles/liter).
Optionally, as will also be clear to the skilled person, the (actual or apparent)
dissociation constant may be calculated on the basis of the (actual or apparent)
association constant (Ka), by means ol the relationship [Kp = 1/Ka].
The affinity denotes the strength or stability of a molecular interaction. The affinity is
commonly given as by the Kp, or dissociation constant, which has units of mol/liter (or
M). The affinity can also be expressed as an association constant, K, which equals
1/Kp and has units of (mol/liter)'1 (or M'l). In the present specification, the stability of
the interaction between two molecules (such as an amino acid sequence, Nanobody or
polypcptide of the invention and its intended target) will mainly be expressed in terms
of the Kp value of their interaction; it being clear to the skilled person that in view of
the relation K, =1/Kp, specifying the strength of molecular interaction by its K, value
can also be used to calculate the corresponding K, value. The Kp-value characterizes
the strength of a molecular interaction also in a thermodynamic sense as it is related to

the free energy (DG) of binding by the well known relation DG=RT.In(K},)
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(equivalently DG=-RT.In(K }), where R equals the gas constant, T equals the absolute
temperature and ln denotes the natural logarithm.
The Ky for biological interactions which are considered meaningful (e.g. specific) are
typically in the range of 10"M (0.1 nM) to 10°M (10000 nM). The stronger an
interaction is, the lower is its Kp.
The Kp can also be expressed as the ratio of the dissociation rate constant of a complex,
denoted as kg, to the rate of its association, denoted k, (so that Ky =k 'k, and K =
ken/kotr). The off-rate koer has units s (where s is the SI unit notation of second). The
on-rate ko, has units M™'s™". The on-rate may vary between 10* M's™ to about 10’ M™'s~
1. approaching the diffusion-limited association rate constant for bimolecular
interactions. The oll-rate is related to the hall-life ol a given molecular interaction by
the relation t;,=In(2)/k . The off-rate may vary between 107 s™ (near irreversible
complex with a t;, of multiple days) to 1 s™ (t;,=0.69 s).
The affinity of a molecular interaction between two molecules can be measured via
different techniques known per se, such as the well known surface plasmon resonance
(SPR) biosensor technique (see for example Ober ef ¢l., Intern. Immunology, 13, 1551-
1559, 2001) where one molecule is immobilized on the bioscnsor chip and the other
molecule is passed over the immobilized molecule under flow conditions yielding kon,
k.grmeasurements and hence K, (or K, ) values. This can for example be performed
using the well-known BIACORE instruments.
It will also be clear to the skilled person that the measured Kp may correspond o the
apparent Ky, if the measuring process somehow influences the intrinsic binding affinity
of the implied molecules for example by artefacts related to the coating on the
biosensor of one molecule. Also, an apparent Kp may be measured if one molecule
contains more than one recognition sites for the other molecule. In such situation the
measured affinity may be affected by the avidity of the interaction by the two
molcculcs.
Another approach that may be used to assess affinity is the 2-step ELISA (Enzyme-
Linked Immunosorbent Assay) procedure of Friguet et al. (J. Immunol. Methods, 77,
305-19, 1985). This method establishes a solution phase binding equilibrium
measurement and avoids possible artefacts relating to adsorption of one of the

molecules on a support such as plastic.
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However, the accurate measurement of Kp may be quite labor-intensive and as
consequence, often apparent Ky values are determined to assess the binding strength of
two molecules. It should be noted that as long all measurements are made in a
consistent way (e.g. keeping the assay conditions unchanged) apparent Kp
measurements can be used as an approximation of the true Kp and hence in the present
document Kp, and apparent Ky, should be treated with equal importance or relevance.
Finally, it should be noted that in many situations the experienced scientist may judge it
to be convenient to determine the binding affinity relative to some reference molecule.
For example, to assess the binding strength between molecules A and B, one may e.g.
use a reference molecule C that is known to bind to B and that is suitably labelled with
a {luorophore or chromophore group or other chemical moiety, such as biotin [or easy
detection in an ELISA or FACS (Fluorescent activated cell sorting) or other format (the
fluorophore for fluorescence detection, the chromophore for light absorption detection,
the biotin for streptavidin-mediated ELISA detection). Typically, the reference
molecule C is kept at a fixed concentration and the concentration of A is varied for a
given concentration or amount of B. As a result an IC5, value is obtained corresponding
to the concentration of A at which the signal mcasurcd for C in abscnce of A is halved.
Provided Kp ke, the Kp of the reference molecule, is known, as well as the total
concentration c..rof the reference molecule, the apparent Ky, for the interaction A-B can
be obtained from following formula: Ky =ICs0/(14¢ of Kp of). Note that if ¢of << Kp e,
Kp = ICso. Provided the measurement of the ICso is performed in a consistent way (e.g.
keeping crrfixed) for the binders that are compared, the strength or stability of a
molccular intcraction can be asscsscd by the ICso and this mcasurement is judged as
equivalent to Ky, or to apparent Ky throughout this text.
The half-life of an amino acid sequence, compound or polypeptide of the invention can
generally be defined as the time taken for the serum concentration of the amino acid
sequence, compound or polypeptide to be reduced by 50%, in vivo, for example due to
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, and may [or example generally involve the steps ol

suitably administering to a warm-blooded animal (i.e. to a human or to another suitable
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mammal, such as a mouse, rabbit, rat, pig, dog or a primate, for example monkeys from
the genus Macaca (such as, and in particular, cynomologus monkeys (Macaca
Jascicularis) and/or rhesus monkeys (Macaca mulatta)) and baboon (Papio ursinus)) a
suitable dose of the amino acid sequence, compound or polypeptide of the invention;
collecting blood samples or other samples from said animal; determining the level or
concentration of the amino acid sequence, compound or polypeptide of the invention in
said blood sample; and calculating, from (a plot of) the data thus obtained, the time
until the level or concentration of the amino acid sequence, compound or polypeptide
of the invention has been reduced by 50% compared to the initial level upon dosing.
Reference is for example made to the Experimental Part below, as well as to the
standard handbooks, such as Kenneth, A et al: Chemical Stability ol Pharmaceuticals:
A Handbook for Pharmacists and Peters et al, Pharmacokinete analysis: A Practical
Approach (1996). Reference is also made to "Pharmacokinetics", M Gibaldi & D
Perron, published by Marcel Dekker, 2nd Rev. edition (1982).
As will also be clear to the skilled person (see for example pages 6 and 7 of WO
04/003019 and in the further references cited therein), the half-life can be expressed
using paramcters such as the t1/2-alpha, t1/2-beta and the arca under the curve (AUC).
In the present specification, an “increase in half-ife” refers to an increase in any one of
these parameters, such as any two of these parameters, or essentially all three these
parameters. As used herein “increase in half-life” or “increased half-life” in particular
relers to an increase in the t1/2-beta, either with or without an increase in the 11/2-alpha
and/or the AUC or both.
In the context of the present invention, “modulating” or “to modulate” generally means
either reducing or inhibiting the activity 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) biological activity of, a
target or antigen, as measured using a suitable in vitro, cellular or in vivo 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%, for example by at least 50%, at least 60%, at
least 70%, at least 80%, or 90% or more, 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.
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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 a target or antigen for one or more of its ligands, binding partners,
partners for association into a homomultimeric 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, etc.), compared to the same conditions but without the presence
ol the 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,
depending on the target or antigen involved.
“Modulating” may also mean effecting a change (i.e. an activity 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 biological 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 signalling pathway or mctabolic pathway and their associated
biological or physiological effects) is involved. 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, depending on the target or antigen involved. 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%, for example by at least 50%, at least 60%, at least 70%, at
least 80%, or 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.
Modulating may for example also involve 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 for example also involve effecting

a change in respect of the folding or confirmation of the target or antigen, or in respect
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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 disassociate.
Modulating may for example also involve 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).
Modulating may be reversible or irreversible, but for pharmaceutical and
pharmacological purposes will usually be in a reversible manner.
In respect of a target or antigen, the term “interaction site” on the target or antigen
means a sile, epitope, anligenic 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 sile, a cleavage sile, a site [or allosteric interaction, a site
involved in multimerisation (such as homomerization or heterodimerization) of the
target or antigen; 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
residucs on the target or antigen to which an amino acid sequence or polypeptide of the
invention can bind such that the target or antigen (and/or any pathway, interaction,
signalling, biological mechanism or biological effect in which the target or antigen is
involved) is modulated (as defined herein).
An amino acid sequence or polypeptide is said lo be “specific for” a [irst 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 Kp value, K4 value, K- rate
and/or Kqp rate) that is at least 10 times, 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 to the second target or polypeptide. For
cxample, the first antigen may bind to the target or antigen with a K valuc that is at
least 10 times less, such as at least 100 times less, and preferably at least 1000 times
less, such as 10.000 times less or even less than that, than the Ky with which said amino
acid sequence or polypeptide binds to the second target or polypeptide. Preferably,
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 (as defined herein) said

first target or antigen, but not directed against said second target or antigen.
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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 agent of the invention is able to
interfere with the binding of another to RANK-L, and therefore whether it can be said
to cross-block according to the invention, can be determined using competition binding
assays, One particularly suitable quantitative cross-blocking assay uses a Biacore
machine which can measure the exient ol interactions using sur(ace plasmon resonance
technology. Another suitable quantitative cross-blocking assay uses an ELISA-based
approach to measure compelition between amino acid sequences or other binding
agents in terms of their binding to the target.
The following generally describes a suitable Biacore assay for determining whether an
amino acid sequence or other binding agent cross-blocks or is capable of cross-blocking
according to the invention. It will be appreciated that the assay can be used with any of
the amino acid sequence or other binding agents described herein. The Biacore machine
(for cxamplc the Biacorc 3000} is opcrated in linc with the manufacturcer's
recommendations. Thus in one cross-blocking assay, the target protein is coupled to a
CM3 Biacore chip using standard amine coupling chemistry to generate a surface that is
coated with the target. Typically 200- 800 resonance units of the target would be
coupled to the chip (an amount that gives easily measurable levels of binding but that is
readily saturable by the concentrations of test reagent being used). 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 total molecular weight of the
amino acid scquence divided by the number of target binding sitcs on that amino acid
sequence. The concentration of each amino 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 concentration 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



10

15

20

25

30

WO 2008/142164 PCT/EP2008/056383

70

solutions should be in the same buffer and at the same concentration as in the test mix.
The test mixture is passed over the target-coated Biacore 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
surlace and the amount of binding recorded. The maximum theoretical binding ol 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. I[ the actual recorded binding
of the mixture is less than this theoretical maximum then the two amino 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% (¢.g. 80% to 4%) of the maximum thcorctical
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. The Biacore assay described above is a primary assay
used to determine if amino acid sequences or other binding agents cross-block each
other according to the invention. On rare occasions particular amino acid sequences or
other binding agents may not bind to target coupled via amine chemistry to a CM5
Biacore 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, for cxample a N-terminal His-tagged version. 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
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target, 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 (¢.g. HA tag with anti-HA antibodies; FLAG tag
with anti-FLAG antibodies; biotin tag with streptavidin).

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. 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. 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
ol an ELISA plate. An excess amount of a second, polentially 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 amino acid sequence and to also remove the second, solution phase amino
acid scquence 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 (o
the number of target molecules that the coated amino acid sequence can bind in the
absence of the second, solution phase, amino acid sequence. 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 arc subscquently added. An cxcess amount of the sccond amino acid scquencec, i.c.
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 were
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 were 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
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measure the amount of target specifically bound by the coated anti-target amino acid
sequence (in this case Ab-X). 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.
without target added) 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. without
second solution phase amino acid sequence added), target and target detection reagents.
The ELISA assay may be run in such a manner so as o have the positive control signal
be at least 6 times the background signal. To avoid any artefacts (e.g. significantly
diflerent allinities between Ab-X and Ab-Y [or the 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 platec and Ab-X is the compctitor amino acid scquence 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 anti-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%, ol 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).

An amino acid sequence is said to be “cross-reactive” for two different antigens or
antigenic determinants if it is specific for (as defined herein) both these different
antigens or antigenic detcrminants.

By binding that is “essentially independent of the pIT’ is generally meant herein that the
association constant (K ) 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 90% or more (or even more
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than 100%, such as more than 110%, more¢ than 120% or ¢ven 130% or more, or even
more than 150%, or even more than 200%) of the association constant (K4 ) of the
amino 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 kot rate (measured by Biacore) 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 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 prelerably at least 50%, even more preflerably at least 60%, such as even
more preferably at least 70%, such as at least 80% or 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 kg 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 t0 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” 1s mcant the pH value(s) that may occur
inside a (sub)cellular 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,

As further described herein, the total number of amino acid residues in a Nanobody 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 described
herein) of a Nanobody are not particularly limited as to their length and/or size, as long
as such parts, fragments, analogs or derivatives meet the further requirements outlined
hercin and arc also preferably suitable for the purposcs described hercin;

The amino acid residues of a Nanobody are numbered according to the general
numbering for Vy domains given by Kabat et al. (“Sequence of proteins of
immunological interest”, US Public Health Services, NIH Bethesda, MD, Publication
No. 91), as applied to Vuu domains from Camelids in the article of Riechmann and
Muyldermans, J. Immunol. Methods 2000 Jun 23; 240 (1-2): 185-195 (see for example

Figure 2 of this publication); or referred to herein. According to this numbering, FR1
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of a Nanobody comprises the amino acid residues at positions 1-30, CDR1 of a
Nanobody comprises the amino acid residues at positions 31-35, FR2 of a Nanobody
comprises the amino acids at positions 36-49, CDR2 of a Nanobody comprises the
amino acid residues at positions 50-65, FR3 of a Nanobody comprises the amino acid
residues at positions 66-94, CDR3 of a Nanobody comprises the amino acid residues at
positions 95-102, and FR4 of a Nanobody comprises the amino acid residues at
positions 103-113, [In this respect, it should be noted that - as is well known in the art
for Vi domains and for Vun domains - the total number of amino acid residues in each
ol the CDR’s may vary and may not correspond to the total number of amino acid
residues indicated by the Kabat numbering (that is, one or more positions according to
the Kabat numbering may not be occupied in the actual sequence, or the actual
sequence may contain more amino acid residues than the number allowed for by the
Kabat numbering). This means that, generally, the numbering according to Kabat may
or may not correspond to the actual numbering of the amino acid residues in the actual
sequence. Generally, however, it can be said that, according to the numbering of Kabat
and irrespective of the number of amino acid residues in the CDR’s, position 1
according to the Kabat numbcring corrcsponds to the start of FR1 and vice versa,
position 36 according to the Kabat numbering corresponds to the start of FR2 and vice
versa, position 66 according to the Kabat numbering corresponds to the start of FR3
and vice versa, and position 103 according to the Kabat numbering corresponds to the
start of FR4 and vice versa. ].

Alternative methods for numbering the amino acid residues of Vi domains, which
methods can also be applied in an analogous manner to Vyy domains from Camelids
and to Nanobodies, are the method described by Chothia et al. (Nature 342, 877-883
(1989)), the so-called “AbM definition” and the so-called “contact definition”,
However, in the present description, claims and figures, the numbering according to
Kabat as applicd to Vg domains by Ricchmann and Muyldermans will be followed,
unless indicated otherwise; and

The Figures, Sequence Listing and the Experimental Part/Examples are only 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 claims in any way, unless explicitly

indicated otherwise herein.
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For a general description of heavy chain antibodies and the variable domains thereof,
reference is inter alia made to the prior art cited herein, to the review article by Muyldermans
in Reviews in Molecular Biotechnology 74(2001), 277-302; as well as to the following patent
applications, which are mentioned as general background art: WO 94/04678, WO 95/04079
and WO 96/34103 of the Vrije Universiteit Brussel; WO 94/25591, WO 99/37681, WO
00/40968, WO 00/43507, WO 00/65057, WO 01/40310, WO 01/44301, EP 1134231 and WO
02/48193 of Unilever; WO 97/49805, WO 01/21817, WO 03/035694, WO 03/054016 and
WO 03/055527 of the Vlaams Instituut voor Biotechnologie (VIB); WO 03/050531 of
Algonomics N.V. and Ablynx N.V.; WO 01/90190 by the National Research Council ol
Canada; WO 03/025020 (= EP 1 433 793) by the Institute of Antibodies; as well as WO
04/041867, WO 04/041862, WO 04/041865, WO 04/041863, WO 04/062551, WO
05/044858, WO 06/40153, WO 06/079372, WO 06/122786, WO 06/122787 and WO
06/122825, by Ablynx N.V. and the further published patent applications by Ablynx N.V.
Reference is also made to the further prior art mentioned in these applications, and in
particular to the list of references mentioned on pages 41-43 of the International application
WO 06/040153, which list and references are incorporated herein by reference.

In accordance with the terminology used in the art (scc the above references), 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 hereinbelow as “Vy
domains”) and [rom the light chain variable domains that are present in conventional 4-chain
antibodies (which will be referred to hereinbelow as “V; domains™).

As mentioned in the prior art referred to above, Vyy domains have a number of
unique structural characteristics and functional properties which make isolated Vi domains
(as well as Nanobodies based thercon, which share these structural characteristics and
functional properties with the naturally occurring Vyy domains) and proteins containing the
samc highly advantagcous for usc as functional antigen-binding domains or proteins. In
particular, and without being limited thereto, Vun domains (which 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) and Nanobodies can function as a single, relatively small,
functional antigen-binding structural unit, domain or protein. This distinguishes the Vun
domains from the Vy and V| domains of conventional 4-chain antibodies, which by

themselves are generally not suited for practical application as single antigen-binding
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proteins or domains, but need to be combined in some form or another to provide a functional

antigen-binding unit (as in for example conventional antibody fragments such as Fab

fragments; in ScFv’s fragments, which consist of a Vi domain covalently linked to a V¢

domain).

Because of these unique properties, the use of Vun domains and Nanobodies 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 Vy; and

V1. domains, scFv’s or conventional antibody fragments (such as Fab- or F(ab’):-fragments):

only a single domain is required to bind an antigen with high alfinity and with high
selectivity, so that there is no need to have two separate domains present, nor to assure
that these two domains are present in the right spacial conformation and conliguration
(i.e. through the use of especially designed linkers, as with scFv’s);

Vyuy domains and Nanobodies can be expressed from a single gene and require no post-
translational folding or modifications;

Vun domains and Nanobodies can easily be engineered into multivalent and
multispecific formats (as further discussed herein);

Vyn domains and Nanobodics arc highly soluble and do not have a tendency to
aggregate (as with the mouse-derived “dAb’s” described by Ward et al., Nature, Vol.
341, 1989, p. 544);

Vyun domains and Nanobodies are highly stable to heat, pH, proteases and other
denaturing agents or conditions (see [or example Ewert et al, supra);

Vun domains and Nanobodies are easy and relatively cheap to prepare, even on a scale
required for production. For example, Vyy domains, Nanobodies and
proteins/polypeptides containing the same can be produced using microbial
fermentation (e.g. as further described below) and do not require the use of mammalian
expression systems, as with for example conventional antibody fragments;

Vyn domains and Nanobodics arc relatively small (approximately 15 kDa, or 10 timcs
smaller than a conventional IgG) 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;

Vyuu domains and Nanobodies can show so-called cavity-binding properties (inter alia

due to their extended CDR3 loop, compared to conventional Vi domains) and can
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therefore also access targets and epitopes not accessable to conventional 4-chain
antibodies and antigen-binding fragments thereof. For example, it has been shown that
Vun domains and Nanobodies can inhibit enzymes (see for example WO 97/49805;
Transue et al., Proteins 1998 Sep 1; 32(4): 515-22; Lauwereys et al., EMBO J. 1998 Jul
1; 17(13): 3512-20).

In a specific and preferred aspect, the invention provides Nanobodies against RANK-
L, and in particular Nanobodies against RANK-I, from a warm-blooded animal, and more in
particular Nanobodies against RANK-L from a mammal, and especially Nanobodies against
human RANK-L; as well as proteins and/or polypeptides comprising at least one such
Nanobody.

In particular, the invention provides Nanobodies against RANK-L, and proteins
and/or polypeptides comprising the same, that have improved therapeutic and/or
pharmacological properties and/or other advantageous properties (such as, for example,
improved ease of preparation and/or reduced costs of goods), compared to conventional
antibodies against RANK-L or fragments thereof, compared to constructs that could be based
on such conventional antibodies or antibody fragments (such as Fab’ fragments, F(ab’),
fragments, ScFv constructs, “diabodics” and other multispecific constructs (sec for cxample
the review by Holliger and Hudson, Nat Biotechnol. 2005 Sep;23(9):1126-36)), and also
compared to the so-called “dAb’s” or similar (single) domain antibodies that may be derived
from variable domains of conventional antibodies. These improved and advantageous
properties will become clear (rom the [urther description herein, and [(or example include,
without limitation, one or more of:

- increased affinity and/or avidity for RANK-L, either in a monovalent format, in a
multivalent format (for example in a bivalent format) and/or in a multispecific format
(for example one of the multispecific formats described hereinbelow);

- better suitability for formatting in a multivalent format (for example in a bivalent
format);

- better suitability for formatting in a multispecific format (for example one of the
multispecific formats described hereinbelow);

- improved suitability or susceptibility for “humanizing” substitutions (as defined

herein);
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- less immunogenicity, either in a monovalent format, in a multivalent format (for
example in a bivalent format) and/or in a multispecific format (for example one of the
multispecific formats described hereinbelow);

- increased stability, either in a monovalent format, in a multivalent format (for example
in a bivalent format) and/or in a multispecific format (for example one of the
multispecific formats described hereinbelow);

- increased specificity towards RANK-L, either in a monovalent format, in a multivalent
format (for example in a bivalent format) and/or in a multispecific format (for example
one of the mullispecilic [ormats described hereinbelow);

- decreased or where desired increased cross-reactivity with RANK-L from different
species;

and/or

- one or more other improved properties desirable for pharmaceutical use (including
prophylactic use and/or therapeutic use) and/or for diagnostic use (including but not
limited to use for imaging purposes), either in a monovalent format, in a multivalent
format (for example in a bivalent format) and/or in a multispecific format (for example
onc of the multispecific formats described hercinbelow).

As generally described herein for the amino acid sequences of the invention, the
Nanobodies of the invention are preferably in essentially isolated form (as defined herein), or
form part of a protein or polypeptide of the invention (as defined herein), which may
comprise or essentially consist ol one or more Nanobodies ol the invention and which may
optionally further comprise one or more further amino acid sequences (all optionally linked
via one or more suitable linkers). For example, 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 RANK-L), so as to provide
a monovalent, multivalent or multispecific polypeptide of the invention, respectively, all as
described herein. In particular, such a protein or polypeptide may comprise or essentially
consist of one or more Nanobodies of the invention and optionally one or more (other)
Nanobodies (i.e. directed against other targets than RANK-L), all optionally linked via one or
more suitable linkers, so as to provide a monovalent, multivalent or multispecific Nanobody
construct, respectively, as further described herein. Such proteins or polypeptides may also be

in essentially isolated form (as defined herein).
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In a Nanobody of the invention, the binding site for binding against RANK-L is
preferably formed by the CDR sequences. Optionally, a Nanobody of the invention may also,
and in addition to the at least one binding site for binding against RANK-L, 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 for example made to
Keck and Huston, Biophysical Journal, 71, October 1996, 2002-2011; EP 0 640 130 and WO
06/07260.

As generally described herein for the amino acid sequences of the invention, when a
Nanobody of the invention (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), il is prelerably directed against human RANK-L; whereas [or
veterinary purposes, it is preferably directed against RANK-L from the species to be treated.
Also, as with the amino acid sequences of the invention, a Nanobody of the invention may or
may not be cross-reactive (i.e. directed against RANK-L from two or more species of
mammal, such as against human RANK-L and RANK-L from at least one of the species of
mammal mentioned herein).

Also, again as gencrally described hercin for the amino acid scquences of the
invention, the Nanobodies of the invention may generally be directed against any antigenic
determinant, epitope, part, domain, subunit or confirmation (where applicable) of RANK-L.
However, it is generally assumed and preferred that the Nanobodies of the invention (and
polypeptides comprising the same) are directed against the binding site [or RANK on RANK-
L or the binding site for OPG on RANK-L. In another aspect of the present invention, the
amino acid sequences and polypeptides of the invention are preferably directed against an
epitope on RANK-L that overlaps with the epitope of denosumab.

As already described herein, the amino acid sequence and structure of a Nanobody
can be considered - without however being limited thereto - to be comprised of four
framcwork regions or “FR’s” (or somctimes also referred to as “FW’s”), which are referred
to in the art and herein as “Framework region 1” 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 “CDR’s”, which are referred to in the art as “Complementarity Determining
Region 1”or “CDR1”; as “Complementarity Determining Region 2” or “CDR2”; and as

“Complementarity Determining Region 3” or “CDR3”, respectively. Some preferred
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framework sequences and CDR’s (and combinations thereof) that are present in the

Nanobodies of the invention are as described herein. Other suitable CDR sequences can be

obtained by the methods described herein.

According to a non-limiting but preferred aspect of the invention, (the CDR sequences
present in) the Nanobodies of the invention are such that:

- the Nanobodies can bind to RANK-L with a dissociation constant (Kp) of 107 to 10712
moleg/liter or less, and preferably 107 t0 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 to 10'? liter/moles or more and more preferably 10® to 10"
liter/moles);

and/or such that:

- the Nanobodies can bind to RANK-L with a k,,-rate of between 10> M~!s! to about 10’
Ms™!, preferably between 10° M's™ and 10’ M's™!, more preferably between 10* M''s”
Yand 10 M's?, such as between 10° M5 and 107 M s'l;

and/or such that they;

- the Nanobodies can bind to RANK-L with a k. rate between 1s™! (t12=0.69 s) and 10°
g7 (providing a ncar irrcversible complex with a ty, of multiple days), preferably
between 1072 s and 10°° s'l, more preferably between 102 s' and 10° s"l, such as
between 10 s and 107 s

Preferably, (the CDR sequences present in) the Nanobodies of the invention are such
that; a monovalent Nanobody ol the invention (or a polypeptide that contains only one
Nanobody of the invention) is preferably such that it will bind to RANK-L with an affinity
less than 500 nM, preferably less than 200 nM, more preferably less than 10 nM, such as less
than 500 pM.

The affinity of the Nanobody of the invention against RANK-L can be determined in
a manner known per se, for example using the general techniques for measuring Kp. Ka, K
or k., mentioned hercin, as well as some of the specific assays described herein.,

Some preferred 1C50 values for binding of the Nanobodies of the invention (and of
polypeptides comprising the same) to RANK-L will become clear from the further
description and examples herein.

In a preferred but non-limiting aspect, the invention relates to a Nanobody (as defined
hereiny against RANK-L, which consists of 4 framework regions (FR1 to FR4 respectively)
and 3 complementarity determining regions (CDR 1 to CDR3 respectively), in which:
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CDR1 is chosen from the group consisting of;

a) the amino acid sequences of SEQ ID NO’s: 188-249;

b)  amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ 1D NO’s: 188-249;

¢) 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: 188-249;

and/or

- CDR2 is chosen from the group consisting of:

d)  the amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

e) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences ol SEQ ID NO’s: 312-373 and 758;

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: 312-373 and 758;

and/or

- CDR3 is chosen from the group consisting of:

g)  the amino acid sequences of SEQ ID NO’s: 436-497;

h)  amino acid scquences that have at lcast 80% amino acid identity with at Icast onc of the
amino acid sequences of SEQ ID NO’s: 436-497;

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: 436-497;

or any suitable [ragment of such an amino acid sequence.

In particular, according to this preferred but non-limiting aspect, the invention relates

to a Nanobody (as defined herein) against RANK-L, which consists of 4 framework regions

(FR1 to FR4 respectively) and 3 complementarity determining regions (CDR1 to CDR3

respectively), in which:

a)
b)

c)

and

CDRI is chosen from the group consisting of:

the amino acid scquences of SEQ 1D NQ’s: 188-249;

amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the

amino acid sequences of SEQ 1D NO’s: 188-249;

CDR2 is chosen from the group consisting of:
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d) the amino acid sequences of SEQ ID NO’s; 312-373 and 758;

e) amino acid sequences that have at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 312-373 and 758;

) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of the
amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

and

- CDR3 is chosen from the group consisting of:

g)  the amino acid sequences of SEQ ID NO’s: 436-497;

h)  amino acid sequences that have at least 80% amino acid identity with al least one of the
amino acid sequences of SEQ ID NO’s: 436-497;

1) amino acid sequences that have 3, 2, or 1 amino acid dillerence with at least one ol the
amino acid sequences of SEQ TD NO’s: 436-497;

or any suitable fragment of such an amino acid sequences.
As generally mentioned herein for the amino acid sequences of the invention, when a
Nanobody of the invention contains one or more CDR1 sequences according to b) and/or ¢):
1)  any amino acid substitution in such a CDR according to b) and/or ¢) is preferably, and
comparcd to the corresponding CDR according to a), a conscrvative amino acid
substitution (as defined herein);

and/or

ii)  the CDR according to b) and/or ¢} preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the corresponding CDR
according to a);

and/or

iii) the CDR according to by and/or ¢} may be a CDR that is derived from a CDR according
to a) by means of affinity maturation using one or more techniques of affinity
maturation known per se.

Similarly, when a Nanobody of the invention contains onc or more CDR2 scquences
according to e¢) and/or f);

1)  any amino acid substitution in such a CDR according to e) and/or f) is preferably, and
compared to the corresponding CDR according to d), a conservative amino acid
substitution (as defined herein);

and/or
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i1)  the CDR according to ¢) and/or f) preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the corresponding CDR
according to d);

and/or

iii) the CDR according to ¢) and/or f) may be a CDR that is derived from a CDR according
to d) by means of affinity maturation using one or more techniques of affinity
maturation known per se.

Also, similarly, when a Nanobody of the invention contains one or more CDR3
sequences according to h) and/or 1):

i)  any amino acid substitution in such a CDR according to h) and/or i) is preferably, and
compared o the corresponding CDR according to g), a conservative amino acid
substitution (as defined herein);

and/or

ii)  the CDR according to h) and/or i) preferably only contains amino acid substitutions,
and no amino acid deletions or insertions, compared to the corresponding CDR
according to g);

and/or

iil) the CDR according to h) and/or i) may be a CDR that is derived from a CDR according
to g) by means of affinity maturation using one or more techniques of affinity
maturation known per se.

It should be understood that the last three paragraphs generally apply Lo any
Nanobody of the invention that comprises one or more CDR1 sequences, CDR2 sequences
and/or CDR3 sequences according to b), ¢), e), ), h) or i), respectively.

Of the Nanobodies of the invention, Nanobodies comprising one or more of the
CDR’s explicitly listed above are particularly preferred; Nanobodies comprising two or more
of the CDR’s explicitly listed above are more particularly preferred; and Nanobodies
comprising three of the CDR’s cxplicitly listed above arc most particularly preferred.

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 A-1 below, which lists the CDR sequences and framework sequences that are
present in a number of preferred (but non-limiting) Nanobodies of the invention. As will be
clear to the skilled person, a combination of CDR1, CDR2 and CDR3 sequences that occur in

the same clone (i.e. CDRI, CDR2 and CDR3 sequences that are mentioned on the same line
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in Table A-1) 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

mentioned in Table A-1). Also, a combination of CDR sequences and framework sequences
that occur in the same clone (i.e. CDR sequences and framework sequences that are
mentioned on the same line in Table A-1) 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 and framework sequences mentioned in Table A-1, as well as combinations

of such CDR sequences and other suitable framework sequences, ¢.g. as further described

herein).

Also, in the Nanobodies of the invention that comprise the combinations of CDR’s
mentioned in Table A-1, each CDR can be replaced by a CDR chosen (rom the group
consisting of amino acid sequences that have at least 80%, preferably at least 90%, more
preferably at least 95%, even more preferably at least 99% sequence identity (as defined
herein) with the mentioned CDR’s; in which:

i)  any amino acid substitution in such a CDR is preferably, and compared to the
corresponding CDR sequence mentioned in Table A-1, a conservative amino acid
substitution (as defincd herein);

and/or

ii})  any such CDR sequence preferably only contains amino acid substitutions, and no
amino acid deletions or insertions, compared to the corresponding CDR sequence
meniioned in Table A-1;

and/or

iii) any such CDR sequence is a CDR that is derived by means of a technique for affinity
maturation known per se, and in particular starting from the corresponding CDR
sequence mentioned in Table A-1,

However, as will be clear to the skilled person, the (combinations of) CDR sequences,
as well as (the combinations of) CDR scquences and framework scquences mentioned in

Table A-1 will generally be preferred.
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Thus, in the Nanobodies 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 A-1; 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” (as defined
herein) with at least one of the CDR1, CDR2 and CDR3 sequences, respectively, listed in
Table A-1; and/or from the group consisting of the CDR1, CDR2 and CDR3 sequences,
respectively, that have 3, 2 or only 1 “amino acid dillerence(s)” (as delined herein) with at
least one of the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table A-1.

In this contexi, by “suitably chosen” is meant that, as applicable, a CDR1 sequence is
chosen from suitable CDR1 sequences (i.e. as defined herein), a CDR2 sequence is chosen
from suitable CDR2 sequences (i.e. as defined herein), and a CDR3 sequence is chosen from
suitable CDR3 sequence (i.e. as defined herein), respectively. More in particular, the CDR
sequences are preferably chosen such that the Nanobodies of the invention bind to RANK-L
with an affinity (suitably measured and/or expressed as a Kp-value (actual or apparent), a K-
valuc (actual or apparent), a k,-ratc and/or a k g-ratc, or alternatively as an 1Csy valuc, as
further described herein) that is as defined herein.

In particular, in the Nanobodies of the invention, at least the CDR3 sequence present
is suitably chosen from the group consisting of the CDR3 sequences listed in Table A-1 or
from the group of CDR3 sequences that have at least 80%, preflerably at least 90%, more
preferably at least 95%, even more preferably at least 99% sequence identity with at least one
of the CDR3 sequences listed in Table A-1; and/or from the group consisting of the CDR3
sequences that have 3, 2 or only 1 amino acid difference(s) with at least one of the CDR3
sequences listed in Table A-1.

Preferably, in the Nanobodies of the invention, at least two of the CDR1, CDR2 and
CDR3 scquences present are suitably choscn from the group consisting of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table A-1 or from the group consisting 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 A-1;
and/or from the group consisting of the CDR1, CDR2 and CDR3 sequences, respectively,
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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 A-1.

In particular, in the Nanobodies of the invention, at least the CDR3 sequence present
is suitably chosen from the group consisting of the CDR3 sequences listed in Table A-1 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 99% sequence identity with at least one
of the CDR3 sequences listed in Table A-1, respectively; and at least one of the CDR1 and
CDR2 sequences present is suitably chosen from the group consisting of the CDR1 and
CDR2 sequences, respectively, listed in Table A-1 or from the group of CDR1 and CDR2
sequences, respectively, that have at least 80%, preferably at least 90%, more preferably at
least 95%, even more preflerably at least 99% sequence identity with at least one of the CDR1
and CDR2 sequences, respectively, listed in Table A-1; and/or from the group consisting of
the CDR1 and CDR2 sequences, respectively, that have 3, 2 or only 1| amino acid
difference(s) with at least one of the CDR1 and CDR2 sequences, respectively, listed in Table
A-1.

Most preferably, in the Nanobodies of the invention, all three CDR1, CDR2 and
CDR3 scquences present are suitably choscn from the group consisting of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table A-1 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
ol the CDR1, CDR2 and CDR3 sequences, respectively, listed in Table A-1; and/or [rom the
group consisting of the CDR 1, 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 A-1.

Even more preferably, in the Nanobodies of the invention, at least one of the CDRI,
CDR2 and CDR3 sequences present is suitably chosen from the group consisting of the
CDR1, CDR2 and CDR3 scquences, respectively, listed in Table A-1. Preferably, in this
aspect, at least one or preferably both of the other two CDR sequences present are suitably
chosen from CDR sequences 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
corresponding CDR sequences, respectively, listed in Table A-1; and/or from the group
consisting of the CDR sequences that have 3, 2 or only 1 amino acid difference(s) with at

least one of the corresponding sequences, respectively, listed in Table A-1,
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In particular, in the Nanobodies of the invention, at least the CDR3 sequence present
is suitably chosen from the group consisting of the CDR3 listed in Table A-1. Preferably, in
this aspect, at least one and preferably both of the CDR1 and CDR2 sequences present are
suitably chosen from the groups of CDR1 and CDR2 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 the CDR1 and CDR2 sequences, respectively, listed in
Table A-1; and/or from the group consisting of the CDR1 and CDR?2 sequences, respectively,
that have 3,2 or only 1 amino acid difference(s) with at least one of the CDR1 and CDR2
sequences, respeclively, listed in Table A-1.

Even more preferably, in the Nanobodies of the invention, at least two of the CDRI1,
CDR2 and CDR3 sequences present are suitably chosen [rom the group consisting ol the
CDR1, CDR2 and CDR3 sequences, respectively, listed in Table A-1. Preferably, in this
aspect, the remaining CDR sequence present is suitably chosen from the group of CDR
sequences 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 corresponding CDR
sequences listed in Table A-1; and/or from the group consisting of CDR sequences that have
3,2 oronly 1 amino acid diffcrence(s) with at Icast onc of the corresponding scquences listed
in Table A-1.

In particular, in the Nanobodies of the invention, at least the CDR3 sequence is
suitably chosen from the group consisting of the CDR3 sequences listed in Table A-1, and
either the CDR1 sequence or the CDR2 sequence is suitably chosen [rom the group
consisting of the CDR1 and CDR2 sequences, respectively, listed in Table A-1. Preferably, in
this aspect, the remaining CDR sequence present is suitably chosen from the group of CDR
sequences 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 corresponding CDR
sequences listed in Table A-1; and/or from the group consisting of CDR sequences that have
3,2 oronly 1 amino acid diffcrence(s) with the corresponding CDR scquences listed in Table
A-1.

Even more preferably, in the Nanobodies of the invention, all three CDR1, CDR2 and
CDR3 sequences present are suitably chosen from the group consisting of the CDR1, CDR2
and CDR3 sequences, respectively, listed in Table A-1.

Also, generally, the combinations of CDR’s listed in Table A-1 (i.e. those mentioned
on the same line in Table A-1) are preferred. Thus, it is generally preferred that, when a CDR
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in a Nanobody of the invention is a CDR sequence mentioned in Table A-1 or is suitably
chosen from the group of CDR sequences that have at least 80%, preferably at least 90%,
more preferably at least 95%, even more preferably at least 99% sequence identity with a
CDR sequence listed in Table A-1; 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 A-1, 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 A-1 (i.e. mentioned on the same line
in Table A-1) or are suitably chosen from the group of CDR sequences that have at least
80%, prelerably at least 90%, more preferably at least 95%, even more preferably at least
99% sequence identity with the CDR sequence(s) belonging to the same combination and/or
from the group consisting ol CDR sequences that have 3, 2 or only 1 amino acid dillerence(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 A-1.

Thus, by means of non-limiting examples, a Nanobody of the invention can for
example comprise a CDR1 sequence that has more than 80 % sequence identity with one of
the CDR1 sequences mentioned in Table A-1, a CDR2 sequence that has 3, 2 or 1 amino acid
difference with one of the CDR2 sequences mentioned in Table A-1 (but belonging to a
different combination), and a CDR3 sequence.

Some preferred Nanobodies of the invention may for example comprise: (1) a CDR1
sequence that has more than 80 % sequence identity with one of the CDR1 sequences
mentioned in Table A-1; a CDR2 sequence that has 3, 2 or 1 amino acid difference with one
of the CDR2 sequences mentioned in Table A-1 (but belonging to a different combination);
and a CDR3 sequence that has more than 80 % sequence identity with one of the CDR3
sequences mentioned in Table A-1 (but belonging to a different combination); or (2) a CDRI
sequence that has more than 80 % sequence identity with one of the CDR1 sequences
mentioncd in Table A-1; a CDR2 scequence, and one of the CDR3 scquenccs listed in Table
A-1; or (3) a CDRI sequence; a CDR2 sequence that has more than 80% sequence identity
with one of the CDR2 sequence listed in Table A-1; and a CDR3 sequence that has 3, 2 or 1
amino acid differences with the CDR3 sequence mentioned in Table A-1 that belongs to the
same combination as the CDR2 sequence.

Some particularly preferred Nanobodies of the invention may for example comprise:

(1) a CDRI sequence that has more than 80 % sequence identity with one of the CDR1
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sequences mentioned in Table A-1; a CDR2 sequence that has 3, 2 or 1 amino acid difference
with the CDR2 sequence mentioned in Table A-1 that belongs to the same combination; and
a CDR3 sequence that has more than 80 % sequence identity with the CDR3 sequence
mentioned in Table A-1 that belongs to the same combination; (2) a CDR1 sequence; a CDR
2 listed in Table A-1 and a CDR3 sequence listed in Table A-1 (in which the CDR2 sequence
and CDR3 sequence may belong to different combinations).

Some even more preferred Nanobodies of the invention may for example comprise:
(1) a CDR1 sequence that has more than 80 % sequence identity with one of the CDR1
sequences mentioned in Table A-1; the CDR2 sequence listed in Table A-1 that belongs lo
the same combination; and a CDR3 sequence mentioned in Table A-1 that belongs to a
dilferent combination; or (2) a CDR1 sequence mentioned in Table A-1; a CDR2 sequence
that has 3, 2 or | amino acid differences with the CDR2 sequence mentioned in Table A-1
that belongs to the same combination; and a CDR3 sequence that has more than 80%
sequence identity with the CDR3 sequence listed in Table A-1 that belongs to the same or a
different combination.

Particularly preferred Nanobodies of the invention may for example comprise a CDR1
scquence mentioned in Table A-1, a CDR2 scquence that has morc than 80 % scquence
identity with the CDR2 sequence mentioned in Table A-1 that belongs to the same
combination; and the CDR3 sequence mentioned in Table A-1 that belongs to the same
combination.

In the most prelerred Nanobodies ol 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 A-1.

According to another preferred, but non-limiting aspect of the invention (a) CDR1 has
a length of between | and 12 amino acid residues, and usually between 2 and 9 amino acid
residues, such as 5, 6 or 7 amino acid residues; and/or (b) CDR2 has a length of between 13
and 24 amino acid rcsiducs, and usually between 15 and 21 amino acid residucs, such as 16
and 17 amino acid residues; and/or (¢) 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 amino
acid residues.

In another preferred, but non-limiting aspect, the invention relates to a Nanobody in
which the CDR sequences (as defined herein) have more than 80%, preferably more than

90%, more preferably more than 95%, such as 99% or more sequence identity (as defined
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herein) with the CDR sequences of at least one of the amino acid sequences of SEQ ID NO’s;
560-621.

Generally, Nanobodies with the above CDR sequences may be as further described
herein, and preferably have framework sequences that are also as further described herein.
Thus, for example and as mentioned herein, such Nanobodies may be naturally occurring
Nanobodies (from any suitable species), naturally occurring Viy sequences (i.c. from a
suitable species of Camelid) or synthetic or semi-synthetic amino acid sequences or
Nanobodies, including but not limited to partially humanized Nanobodies or Vun sequences,
fully humanized Nanobodies or Vyy sequences, camelized heavy chain variable domain
sequences, as well as Nanobodies that have been obtained by the techniques mentioned
herein.

Thus, in one specific, but non-limiting aspect, the invention relates to a humanized
Nanobody, which consists of 4 framework regions (FR1 to FR4 respectively) and 3
complementarity determining regions (CDR1 to CDR3 respectively), in which CDRI1 to
CDR3 are as defined herein and in which said humanized Nanobody comprises at least one
humanizing substitution (as defined herein), and in particular at least one humanizing
substitution in at Icast onc of its framcwork scquencces (as defined herein).

In another preferred, but non-limiting aspect, the invention relates to a Nanobody in
which the CDR sequences have at least 70% amino acid identity, preferably at least 80%
amino acid identity, more preferably at least 90% 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 TD NO’s: 560-621. This degree of amino
acid identity can for example be determined by determining the degree of amino acid identity
(in a manner described herein) between said Nanobody and one or more of the sequences of
SEQ ID NO’s: 560-621, in which the amino acid residues that form the framework regions
are disregarded. Such Nanobodies can be as further described herein.

In another preferred, but non-limiting aspect, the invention relates to a Nanobody with
an amino acid sequence that is chosen from the group consisting of SEQ ID NO’s: 560-621
or from the group consisting of from amino acid sequences that have more than 80%,
preferably more than 90%, more preferably more than 95%, such as 99% or more sequence
identity (as defined herein) with at least one of the amino acid sequences of SEQ ID NO’s:
560-621.
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Another preferred, but non-limiting aspect of the invention relates to humanized
variants of the Nanobodies of SEQ ID NO’s: 560-621, that comprise, compared to the
corresponding native Vyy sequence, at least one humanizing substitution (as defined herein),
and in particular at least one humanizing substitution in at least one of its framework
sequences (as defined herein). Some preferred, but non-limiting examples of such humanized
variants are the humanized Nanobodies of SEQ ID NO’s: 730-757 and 765. Thus, the
invention also relates to a humanized Nanobody with an amino acid sequence that is chosen
from the group consisting of SEQ ID NO’s: 730-757 and 765 or from the group consisting of
from amino acid sequences that have more than 80%, prelerably more than 90%, more
preferably more than 95%, such as 99% or more sequence identity (as defined herein) with at
least one ol the amino acid sequences of SEQ ID NO’s: 730-757 and 765 (in which amino
acid sequences that are chosen from the latter group of amino acid sequences may contain a
greater number or a smaller number of humanizing substitutions compared to the
corresponding sequence of SEQ 1D NOs: 730-757 and 765, as long as they retain at least one
of the humanizing substitutions present in the corresponding sequence of SEQ ID NO’s: 730-
757 and 765).

The polypeptides of the invention comprisc or essentially consist of at lcast onc
Nanobody of the invention. Some preferred, but non-limiting examples of polypeptides of the
invention are given in SEQ ID NO’s: 622-729, 759-762 and 766-789.

It will be clear to the skilled person that the Nanobodies that are mentioned herein as
“preflerred” (or “more prelerred”, “even more prelerred”, elc.) are also prelerred (or more
preferred, or even more preferred, etc.) for use in the polypeptides described herein. Thus,
polypeptides that comprise or essentially consist of one or more “preferred” Nanobodies of
the invention will generally be preferred, and polypeptides that comprise or essentially
consist of one or more “more preferred” Nanobodies of the invention will generally be more
preferred, etc..

Generally, proteins or polypeptides that comprisc or cssentially consist of a single
Nanobody (such as a single Nanobody of the invention) 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 Nanobodics (such as at least
two Nanobodies of the invention or at least one Nanobody of the invention and at least one
other Nanobody) will be referred to herein as “multivalent” proteins or polypeptides or as

“multivalent constructs”, and these may provide certain advantages compared to the
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corresponding monovalent Nanobodies of the invention. Some non-limiting examples of such
multivalent constructs will become clear from the further description herein.

According to one specific, but non-limiting aspect, a polypeptide of the invention
comprises or essentially consists of at least two Nanobodies of the invention, such as two or
three Nanobodies of the invention. As further described herein, such multivalent constructs
can provide certain advantages compared to a protein or polypeptide comprising or
essentially consisting of a single Nanobody of the invention, such as a much improved
avidity for RANK-L. Such multivalent constructs will be clear to the skilled person based on
the disclosure herein; some prelerred, but non-limiting examples ol such multivalent
Nanobody constructs are the constructs of SEQ ID NO’s: 622-693, 761-762 and 766-773
(bivalent) and SEQ ID NO’s: 694-729 and 759-760 (trivalent).

According to another specific, but non-limiting aspect, a polypeptide of the invention
comprises or essentially consists of at least one Nanobody of the invention and at least one
other binding unit (i.e. directed against another epitope, antigen, target, protein or
polypeptide), which is preferably also a Nanobody. Such proteins or polypeptides are also
referred to herein as “multispecific” proteins or polypeptides or as ‘multispecific constructs”,
and these may providc certain advantages comparcd to the corresponding monovalent
Nanobodies of the invention (as will become clear from the further discussion herein of some
preferred, but-nonlimiting multispecific constructs). Such multispecific constructs will be
clear to the skilled person based on the disclosure herein; some preferred, but non-limiting
examples of such multispecilic Nanobody constructs are the constructs of SEQ ID NO’s:
694-729 and 759-790.

According to yet another specific, but non-limiting aspect, a polypeptide of the
invention comprises or essentially consists of at least one Nanobody of the invention,
optionally one or more further Nanobodies, and at least one other amino acid sequence (such
as a protein or polypeptide) that confers at least one desired property to the Nanobody of the
invention and/or to the resulting fusion protcin. Again, such fusion proteins may provide
certain advantages compared to the corresponding monovalent Nanobodies 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.

It is also possible to combine two or more of the above aspects, for example to
provide a trivalent bispecific construct comprising two Nanobodies of the invention and one

other Nanobody, and optionally one or more other amino acid sequences. Further non-
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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.

In the above constructs, the one or more Nanobodies and/or other amino acid
sequences may be directly 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.

In one specific aspect of the invention, a Nanobody of the invention or a compound,
construct or polypepltide of the invention comprising at least one Nanobody ol the invention
may have an increased half-life, compared to the corresponding amino acid sequence of the
invention, Some prelerred, bul non-limiting examples ol such Nanobodies, compounds and
polypeptides will become clear to the skilled person based on the further disclosure herein,
and for example comprise Nanobodies sequences or polypeptides of the 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 albumin); or polypeptides of the
invention that comprise at lcast onc Nanobody of the invention that is linked to at least onc
moiety (and in particular at least one amino acid sequence) that increases the half-life of the
Nanobody of the invention. Examples of polypeptides of the invention that comprise such
half-life extending moieties or amino acid sequences will become clear to the skilled person
based on the [urther disclosure herein; and [or example include, without limitation,
polypeptides in which the one or more Nanobodies of the invention are suitable linked to one
or more serum proteins or fragments thereof (such as serum albumin or suitable fragments
thereof) or to one or more binding units that can bind to serum proteins (such as, for example,
Nanobodies or (single) domain antibodies that can bind to serum proteins such as serum
albumin, serum immunoglobulins such as lgG, or transferrine); polypeptides in which a
Nanobody of the invention is linked to an Fc portion (such as a human Fc) or a suitable part
or fragment thereof (the invention, for examples envisages polypeptides in which the
Nanobodies are suitably linked to an Fc portion by linkers in different sizes to allow intra
and/or intermolecular binding of RANK-L); or polypeptides in which the one or more
Nanobodies 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 the US provisional application of
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Ablynx N.V. entitled "Peptides capable of binding to serum proteins” of Ablynx N.V, filed
on December 5, 2006 (see also PCT/EP2007/063348).

Again, as will be clear to the skilled person, such Nanobodies, compounds, constructs
or polypeptides may contain one or more additional groups, residues, moieties or binding
units, such as one or more further amino acid sequences and in particular one or more
additional Nanobodies (i.e. not directed against RANK-L), so as to provide a tri- of
multispecific Nanobody construct.

Gererally, the Nanobodies of the invention (or compounds, constructs or polypeptides
comprising the same) with increased hall-life preferably have a hall-life that is at least 1.5
times, preferably at least 2 times, such as at least 5 times, for example 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 Nanobodies, 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.

In a preferred, but non-limiting aspect of the invention, such Nanobodics, compound,
constructs 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 hall-lile ol at least 5 days (such as about 5 to 10 days), prelerably 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 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).

In another one aspect of the invention, a polypeptide of the invention comprises one
or more (such as two or preferably one) Nanobodies of the invention linked (optionally via
onc or morc suitable linker scquences) to onc or morc (such as two and preferably onc) amino
acid sequences that allow the resulting polypeptide of the invention to cross the blood brain
barrier. In particular, said one or more amino 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 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 preferred examples.
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In particular, polypeptides comprising one or more Nanobodies of the invention are
preferably such that they:

- bind to RANK-L with a dissociation constant (Kp) of 10° to 1072 moles/liter or less,
and preferably 107 to 10™ moles/liter or less and more preferably 10%t0 10
moles/liter (i.c. with an association constant (K4) 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 they;

- bind to RANK-L with a k,,-rate of between 10> M's™ to about 10" M's™, prelerably
between 10° M's™ and 10’ M's™!, more preferably between 10* M s and 107 M's 7,
such as between 10° M s and 10" M s'l;

and/or such that they:

- bind to RANK-L with a kg rate between 1s™ (t1,=0.69 s) and 106 ¢! (providing a near
irreversible complex with a ti» of multiple days), preferably between 10%s" and 10° ¢
!, more preferably between 10” 5" and 10 s™, such as between 10 s and 107° s,

Preferably, a polypeptide that contains only one amino acid sequence of the invention
is preferably such that it will bind to RANK-L with an affinity lcss than 500 nM, prcferably
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 Nanobodies
of the invention may bind to RANK-L with an increased avidity, compared to a polypeptide
that contains only one amino acid sequence ol the invention.

Some preferred 1Csq values for binding of the amino acid sequences or polypeptides
of the invention to RANK-L will become clear from the further description and examples
herein.

Other polypeptides according to this preferred aspect of the invention may for
example be chosen from the group consisting of amino acid sequences that have more than
80%, preferably morce than 90%, more preferably more than 95%, such as 99% or morc
“sequence identity” (as defined herein) with one or more of the amino acid sequences of SEQ
ID NO’s: 622-729, 759-762 and 766-773, in which the Nanobodies comprised within said
amino acid sequences are preferably as further defined herein.

Another aspect of this invention relates to a nucleic acid that encodes an amino acid

sequence of the invention (such as a Nanobody of the invention) or a polypeptide of the
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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 defined herein.

In another aspect, the invention relates to host or host cell that expresses or that is
capable of expressing an amino acid sequence (such as a Nanobody) of the invention and/or 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.

Another aspect of the invention relates to a product or composition containing or
comprising at least one amino acid sequence ol 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.¢. depending on the intended use ol the
composition. Such a product or composition may for example 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,

The invention further relates to methods for preparing or generating the amino acid
scquences, compounds, constructs, 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.

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 for diseases and
disorders associated with RANK-L. Some preferred but non-limiting applications and uses
will become clear from the further description herein.

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

Gencrally, it should be noted that the term Nanobody as used hercin 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 Nanobodies of the invention can
generally be obtained: (1) by isolating the Vi domain of a naturally occurring heavy chain
antibody; (2) by expression of a nucleotide sequence encoding a naturally occurring Vun
domain; (3) by “humanization” (as described herein) of a naturally occurring Vy,; domain or

by expression of a nucleic acid encoding a such humanized Vyy domain; (4) by
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“camelization” (as described herein) of a naturally occurring Vi domain from any animal
species, and in particular a from species of mammal, such as from a human being, or by
expression of a nucleic acid encoding such a camelized Vy domain; (5) by “camelisation” of
a “domain antibody” or “Dab” as described by Ward et al (supra), or by expression of a
nucleic acid encoding such a camelized Vi domain; (6) by using synthetic or semi-synthetic
techniques for preparing proteins, polypeptides or other amino acid sequences known per se;
(7) by preparing a nucleic acid encoding a Nanobody using techniques for nucleic acid
synthesis known per se, followed by expression of the nucleic acid thus obtained; and/or (8)
by any combination of one or more of the [oregoing. Suitable methods and techniques (or
performing the foregoing will be clear to the skilled person based on the disclosure herein
and [or example include the methods and techniques described in more detail herein.

One preferred class of Nanobodies corresponds to the Vi domains of naturally
occurring heavy chain antibodies directed against RANK-L. As further described herein, such
Vuu sequences can generally be generated or obtained by suitably immunizing a species of
Camelid with RANK-L (i.e. so as to raise an immune response and/or heavy chain antibodies
directed against RANK-L), by obtaining a suitable biological sample from said Camelid
(such as a blood sample, scrum samplc or samplc of B-cclls), and by gencrating Vyy
sequences directed against RANK-L, starting from said sample, using any suitable technique
known per se. Such techniques will be clear to the skilled person and/or are further described
herein.

Alternatively, such naturally occurring Vun domains against RANK-L, can be
obtained from naive libraries of Camelid Vg sequences, for example by screening such a
library using RANK-L, or at least one part, fragment, antigenic determinant or epitope
thereof using one or more screening techniques known per se. Such libraries and techniques
are for example described in WO 99/37681, WO 01/90190, WO 03/025020 and WO
03/035694. Alternatively, improved synthetic or semi-synthetic libraries derived from naive
Vyy librarics may be used, such as Vyy librarics obtained from naive Vyy librarics by
techniques such as random mutagenesis and/or CDR shuffling, as for example described in
WO 00/43507.

Thus, in another aspect, the invention relates to a method for generating Nanobodies,
that are directed against RANK-L. In one aspect, said method at least comprises the steps of:

a)  providing a set, collection or library of Nanobody sequences; and
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b)  screening said set, collection or library of Nanobody sequences for Nanobody
sequences that can bind to and/or have affinity for RANK-L;

and

c) isolating the amino acid sequence(s) that can bind to and/or have affinity for RANK-L.

In such a method, the set, collection or library of Nanobody sequences may be a naive
set, collection or library of Nanobody sequences; a synthetic or semi-synthetic set, collection
or library of Nanobody sequences; and/or a set, collection or library of Nanobody sequences
that have been subjected to affinity maturation.

In a prelerred aspect of this method, the set, collection or library of Nanobody
sequences may be an immune set, collection or library of Nanobody sequences, and in
particular an immune set, collection or library ol Vim sequences, that have been derived [rom
a species of Camelid that has been suitably immunized with RANK-L 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).

In the above methods, the sct, collection or library of Nanobody or Vyy scquences
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) Nanobody sequences will be clear to
the person skilled in the art, [or example on the basis of the [urther disclosure herein.
Reference is also made toWO 03/054016 and to the review by Hoogenboom in Nature
Biotechnology, 23, 9, 1105-1116 (2005).

In another aspect, the method for generating Nanobody sequences comprises at least
the steps of:

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

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 RANK-L; and (ii) cells that express
heavy chain antibodies, in which substeps (i) and (ii) 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 RANK-L;
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and

c) either (i) isolating from said cell the Vyy sequence present in said heavy chain
antibody; or (ii) isolating from said cell a nucleic acid sequence that encodes the Vi
sequence present in said heavy chain antibody, followed by expressing said Vur
domain.

In the method according to this aspect, the collection or sample of cells may for
example 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 RANK-L 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).

The above method may be performed in any suitable manner, as will be clear to the
skilled person. Reference is for example made to EP 0 542 810, WO 05/19824, WO
04/051268 and WO 04/106377. The screening of step b) is preferably performed using a flow
cytometry technique such as FACS. For this, reference is for example made to Lieby et al.,
Blood, Vol. 97, No. 12, 3820. Particular reference is made to the so-called “Nanoclone™
technique described in International application WO 06/079372 by Ablynx N.V.

In another aspect, the method for generating an amino acid sequence directed against
RANK-L may comprise at least the steps of:

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

b)  screening said set, collection or library of nucleic acid sequences for nucleic acid
sequences that encode a heavy chain antibody or a Nanobody sequence that can bind to
and/or has affinity for RANK-L;

and

¢) isolating said nuclcic acid scquence, followed by expressing the Vg sequence present
in said heavy chain antibody or by expressing said Nanobody sequence, respectively.

In such a method, the set, collection or library of nucleic acid sequences encoding
heavy chain antibodies or Nanobody sequences may for example be a set, collection or
library of nucleic acid sequences encoding a naive set, collection or library of heavy chain
antibodies or Vy sequences; a set, collection or library of nucleic acid sequences encoding a

synthetic or semi-synthetic set, collection or library of Nanobody sequences; and/or a set,
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collection or library of nucleic acid sequences encoding a set, collection or library of
Nanobody sequences that have been subjected to affinity maturation.

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 nucleic acid sequences encoding
heavy chain antibodies or Vi sequences derived from a Camelid that has been suitably
immunized with RANK-L or with a suitable antigenic determinant based thercon 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).

In the above methods, the set, collection or library of nucleotide sequences may be
displayed on a phage, phagemid, ribosome or suilable 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, for example on the basis of the further
disclosure herein. Reference is also made to WO 03/054016 and to the review by
Hoogenboom in Nature Biotechnology, 23, 9, 1105-1116 (2005).

As will be clear to the skilled person, 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 conlain any suilable number ol sequences, such as 1, 2, 3 or about 5, 10, 50, 100,
500, 1000, 5000, 10*, 10°, 10°, 107, 10% or more sequences.

Also, one or more or all of the sequences in the above set, collection or library of amino
acid sequences may be obtained or defined by rational, or semi-empirical approaches such as
computer modelling techniques or biostatics or datamining techniques.

Furthermore, such a set, collection or library can comprise one, two or more sequences
that arc variants from onc anothcr (c.g. with dcsigned point mutations or with randomized
positions), compromise multiple sequences derived from a diverse set of naturally diversified
sequences (e.g. an immune library)), or any other source of diverse sequences (as described
for example 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 nucleotide sequence encoding the amino acid sequence within these carriers.
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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 nucleotide 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.

Yet another technique for obtaining Vur sequences or Nanobody sequences directed
against RANK-L involves suitably immunizing a transgenic mammal that is capable ol
expressing heavy chain antibodies (i.c. so as to raise an immune response and/or heavy chain
antibodies directed against RANK-L), obtaining a suitable biological sample (rom said
transgenic mammal that contains (nucleic acid sequences encoding) said Vy sequences or
Nanobody sequences (such as a blood sample, serum sample or sample of B-cells), and then
generating Vun sequences directed against RANK-L, 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 Janssens et al., Proc. Natl. Acad. Sci .USA. 2006 Oct 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 for example synthetic or semi-synthetic (single)
variable domains.

The invention also relates to the Vun sequences or Nanobody sequences that are
obtained by the above methods, or alternatively 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 scquence of said Vyy scquence or Nanobody scquence; and of cxpressing or
synthesizing said Vun sequence or Nanobody sequence in a manner known per se, such as by
expression in a suitable host cell or host organism or by chemical synthesis.

As mentioned herein, a particularly preferred class of Nanobodies of the invention
comprises Nanobodies with an amino acid sequence that corresponds to the amino acid
sequence of a naturally occurring Vyy domain, but that has been “humanized”, i.e. by

replacing one or more amino acid residues in the amino acid sequence of said naturally
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occurring Vun sequence (and in particular in the framework sequences) by one or more of the
amino acid residues that occur at the corresponding position(s) in a Vg domain from a
conventional 4-chain antibody from a human being (e.g. indicated above). This can be
performed in a manner known per se, which will be clear to the skilled person, for example
on the basis of the further description herein and the prior art on humanization referred to
herein. Again, it should be noted that such humanized Nanobodies of the invention can be
obtained in any suitable manner known per se (i.e. as indicated under points (1) — (8) above)
and thus are not strictly limited to polypeptides that have been obtained using a polypeptide
that comprises a naturally occurring Vyy domain as a starting material.

Another particularly preferred class of Nanobodies of the invention comprises
Nanobodies with an amino acid sequence that corresponds to the amino acid sequence ol 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 occurring Vg domain from a
conventional 4-chain antibody by one or more of the amino acid residues that occur at the
corresponding position(s) in a Vi domain of a heavy chain antibody. This can be performed
in a manner known per se, which will be clear to the skilled person, for example on the basis
of the further description herein. Such “camclizing” substitutions arc prcferably inscrted at
amino acid positions that form and/or are present at the Vi-Vr interface, and/or at the so-
called Camelidae hallmark residues, as defined herein (see for example WO 94/04678 and
Davies and Riechmann (1994 and 1996), supra). Preferably, the Vi sequence that is used as a
starting material or slarting point (or generating or designing the camelized Nanobody is
preferably a Vg sequence from a mammal, more preferably the Vi sequence of a human
being, such as a Vi3 sequence. However, it should be noted that such camelized Nanobodies
of the invention can be obtained in any suitable manner known per se (i.e. as indicated under
points (1) — (8) above) and thus are not strictly limited to polypeptides that have been
obtained using a polypeptide that comprises a naturally occurring Vg domain as a starting
matcrial.

For example, again as further described herein, both “humanization” and
“camelization” can be performed by providing a nucleotide sequence that encodes a naturally
occurring Vg domain or Vi domain, respectively, and then changing, in a manner known
per se, one or more codons in said nucleotide sequence in such a way that the new nucleotide
sequence encodes a “humanized” or “camelized” Nanobody of the invention, respectively.

This nucleic acid can then be expressed in a manner known per se, so as to provide the
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desired Nanobody of the invention. Alternatively, based on the amino acid sequence of a
naturally occurring Vyy domain or Vi domain, respectively, the amino acid sequence of the
desired humanized or camelized Nanobody of the invention, respectively, can be designed
and then synthesized de novo using techniques for peptide synthesis known per se. Also,
based on the amino acid sequence or nucleotide sequence of a naturally occurring Vun
domain or Vg domain, respectively, a nucleotide sequence encoding the desired humanized
or camelized Nanobody of the invention, respectively, can be designed and then synthesized
de novo using techniques for nucleic acid synthesis known per se, after which the nucleic acid
thus obtained can be expressed in a manner known per se, so as Lo provide the desired
Nanobody of the invention,

Other suitable methods and techniques [or obtaining the Nanobodies ol the invention
and/or nucleic acids encoding the same, starting from naturally occurring Vy sequences or
preferably Vyy sequences, will be clear from the skilled person, and may for example
comprise combining one or more parts of one or more naturally occurring Vu sequences
(such as one or more FR sequences and/or CDR sequences), one or more parts of one or more
naturally occurring Vyy sequences (such as one or more FR sequences or CDR sequences),
and/or onc or morc synthctic or semi-synthctic scquences, in a suitable manner, so as to
provide a Nanobody of the invention or a nucleotide sequence or nucleic acid encoding the
same (which may then be suitably expressed). Nucleotide sequences encoding framework
sequences of Vyy sequences or Nanobodies will be clear to the skilled person based on the
disclosure herein and/or the [urther prior art cited herein (and/or may alternatively be
obtained by PCR starting from the nucleotide sequences obtained using the methods
described herein) and may be suitably combined with nucleotide sequences that encode the
desired CDR’s (for example, by PCR assembly using overlapping primers), so as to provide a
nucleic acid encoding a Nanobody of the invention.

As mentioned herein, Nanobodies may in particular be characterized by the presence
of onc or morc “Hallmark residues” (as described hercin) in onc or more of the framcework
sequences.

Thus, according to one preferred, but non-limiting aspect of the invention, a
Nanobody in its broadest sense can be generally defined as a polypeptide comprising:

a)  an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the

amino acid residue at position 108 according to the Kabat numbering is Q;
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and/or:

b) an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the
amino acid residue at position 45 according to the Kabat numbering is a charged amino
acid (as defined herein) or a cysteine residue, and position 44 is preferably an E;

and/or:

¢) an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the
amino acid residue at position 103 according to the Kabat numbering is chosen [rom
the group consisting of P, R and S, and is in particular chosen from the group consisting
ofR and S.

Thus, in a first preferred, but non-limiting aspect, a Nanobody of the invention may

have the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which

a) the amino acid residue at position 108 according to the Kabat numbering is Q;

and/or in which:

b}  the amino acid residue at position 45 according to the Kabal numbering is a charged
amino acid or a cysteine and the amino acid residue at position 44 according to the
Kabat numbering is preferably E;

and/or in which:

¢) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

In particular, a Nanobody in its broadest sense can be generally defined as a

polypeptide comprising:



10

15

20

25

30

WO 2008/142164 PCT/EP2008/056383
110

a)  an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the
amino acid residue at position 108 according to the Kabat numbering is Q;

and/or:

b} an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the
amino acid residue at position 44 according to the Kabat numbering is E and in which
the amino acid residue at position 45 according to the Kabat numbering is an R;

and/or:

¢) an amino acid sequence that is comprised of four framework regions/sequences
interrupted by three complementarity determining regions/sequences, in which the
amino acid residue at position 103 according to the Kabat numbering is chosen from
the group consisting of P, R and S, and is in particular chosen from the group consisting
of R and S.

Thus, according to a preferred, but non-limiting aspect, a Nanobody of the invention

may have the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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 (o 3, respectively, and in which

a)  the amino acid residue at position 108 according to the Kabat numbering is Q;

and/or in which:

b)  the amino acid residue at position 44 according to the Kabat numbering is E and in
which the amino acid residue at position 45 according to the Kabat numbering is an R;

and/or in which:

¢) thc amino acid residuc at position 103 according to the Kabat numbering is choscn
from the group consisting of P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to

one of the more preferred aspects herein.
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In particular, a Nanobody against RANK-L according to the invention may have the

structure:

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which

a)  the amino acid residue at position 108 according to the Kabat numbering is Q;

and/or in which:

b)  the amino acid residue at position 44 according to the Kabat numbering is E and in
which the amino acid residue at position 45 according to the Kabat numbering is an R;

and/or in which:

¢) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of P, R and S, and is in particular chosen from the group
consisting of R and S;

and in which:

d) CDRI, CDR2 and CDR3 arc as dcfined hercin, and arc preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

In particular, according to one preferred, but non-limiting aspect of the invention, a
Nanobody can generally be delined as a polypeptide comprising an amino acid sequence that
is comprised of four framework regions/sequences interrupted by three complementarity
determining regions/sequences, in which;

a-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting of A, G, E, D, G, Q, R, S, L; and is preferably chosen from the
group consisting of G, E or Q; and

a-2) thec amino acid rcsiduc at position 45 according to the Kabat numbcring is chosen from
the group consisting of L, R or C; and is preferably chosen from the group consisting of
L or R; and

a-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of W, R or S; and is preferably W or R, and is most
preferably W;

a-4) the amino acid residue at position 108 according to the Kabat numbering is Q;
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or in which:

b-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting of E and Q; and

b-2) the amino acid residue at position 45 according to the Kabat numbering is R; and

b-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of W, R and S; and is preferably W;

b-4) the amino acid residue at position 108 according to the Kabat numbering is chosen
from the group consisting of Q and L; and is preferably Q;

or in which:

c-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting ol A, G, E, D, Q, R, S and L; and is prelerably chosen [rom the
group consisting of G, E and Q; and

c-2) the amino acid residue at position 45 according to the Kabat numbering is chosen from
the group consisting of L, R and C; and is preferably chosen from the group consisting
of L and R; and

c-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of P, R and S; and is in particular chosen from the group
consisting of R and S; and

c-4) the amino acid residue at position 108 according to the Kabat numbering is chosen
from the group consisting of Q and L; is preferably Q;

and in which

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

Thus, in another preferred, but non-limiting aspect, a Nanobody of the invention may

have the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which:
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a-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting of A, G, E, D, G, Q, R, S, L; and is preferably chosen from the
group consisting of G, E or Q;

and in which:

a-2) the amino acid residue at position 45 according to the Kabat numbering is chosen from
the group consisting of L, R or C; and is preferably chosen from the group consisting of
LorR;

and in which:

a-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of W, R or S; and is preferably W or R, and is most
prelerably W;

and in which

a-4) the amino acid residue at position 108 according to the Kabat numbering is Q;

and in which:

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
onc of the more preferred aspects hercin.

In another preferred, but non-limiting aspect, a Nanobody of the invention may have

the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which CDRI to

CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in which:

b-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting of E and Q;

and in which:

b-2) the amino acid residue at position 45 according to the Kabat numbering is R;

and in which:

b-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of W, R and S; and is preferably W;

and in which:
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b-4) the amino acid residue at position 108 according to the Kabat numbering is chosen
from the group consisting of Q and L; and is preferably Q;

and in which:

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

In another preferred, but non-limiting aspect, a Nanobody of the invention may have

the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which:

c-1) the amino acid residue at position 44 according to the Kabat numbering is chosen from
the group consisting of A, G, E, D, Q, R, S and L; and is preferably chosen from the
group consisting of G, E and Q;

and in which:

c-2) the amino acid residue at position 45 according to the Kabat numbering is chosen from
the group consisting of L, R and C; and is preferably chosen from the group consisting
of Land R;

and in which:

c-3) the amino acid residue at position 103 according to the Kabat numbering is chosen
from the group consisting of P, R and S; and is in particular chosen from the group
consisting of R and S;

and in which:

c-4) the amino acid residue at position 108 according to the Kabat numbering is chosen
from the group consisting of Q and L; is prefcrably Q;

and in which:

d) CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

Two particularly preferred, but non-limiting groups of the Nanobodies of the

invention are those according to a) above; according to (a-1) to (a-4) above; according to b)
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above; according to (b-1) to (b-4) above; according to (¢) above; and/or according to (¢-1) to

(c-4) above, in which either:

1)  the amino acid residues at positions 44-47 according to the Kabat numbering form the
sequence GLEW (or a GLEW-like sequence as described herein) and the amino acid
residue at position 108 is Q;

or in which:

ii)  the amino acid residues at positions 43-46 according to the Kabat numbering form the
sequence KERE or KQRE (or a KERE-like sequence as described) and the amino acid
residue at position 108 is Q or L, and is prelerably Q.

Thus, in another preferred, but non-limiting aspect, a Nanobody of the invention may

have the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which:

1}  thcamino acid rcsiducs at positions 44-47 according to the Kabat numbcering form the
sequence GLEW (or a GLEW-like sequence as defined herein) and the amino acid
residue at position 108 is Q;

and in which:

11) CDRI, CDR2 and CDR3 are as delined herein, and are prelerably as delined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

In another preferred, but non-limiting aspect, a Nanobody of the invention may have

the structure

FR1-CDRI - FR2 - CDR2 - FR3 - CDR3 - FR4

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, and in which:

1)  the amino acid residues at positions 43-46 according to the Kabat numbering form the
sequence KERE or KQRE (or a KERE-like sequence) and the amino acid residue at
position 108 is Q or L, and is preferably Q;
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and in which:

ii)  CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

In the Nanobodies of the invention in which the amino acid residues at positions 43-
46 according to the Kabat numbering form the sequence KERE or KQRE, the amino acid
residue at position 37 is most preferably F. In the Nanobodies of the invention in which the
amino acid residues at positions 44-47 according to the Kabat numbering form the sequence
GLEW, the amino acid residue at position 37 is chosen [rom the group consisting o[ Y, H, 1,
L, Vor F, and is most preferably V.

Thus, without being limited hereto in any way, on the basis ol the amino acid residues
present on the positions mentioned above, the Nanobodies of the invention can generally be
classified on the basis of the following three groups:

i)  The “GLEW-group”: Nanobodies with the amino acid sequence GLEW at positions 44-
47 according to the Kabat numbering and Q at position 108 according to the Kabat
numbering. As further described herein, Nanobodies within this group usually have a V
at position 37, and can have a W, P, R or S at position 103, and prcferably have a W at
position 103. The GLEW group also comprises some GLEW-like sequences such as
those mentioned in Table A-3 below. More generally, and without limitation,
Nanobodies belonging to the GLEW -group can be defined as Nanobodies with a G at
position 44 and/or with a W al position 47, in which position 46 is usually E and in
which preferably position 45 is not a charged amino acid residue and not cysteine;

il)  The “KERE-group”: Nanobodies with the amino acid sequence KERE or KQRE (or
another KERE-like sequence) at positions 43-46 according to the Kabat numbering and
Q or L at position 108 according to the Kabat numbering. As further described herein,
Nanobodies within this group usually have a F at position 37, an L or F at position 47;
and can havea W, P, R or S at position 103, and prcfcrably have a W at position 103.
More generally, and without limitation, Nanobodies belonging to the KERE-group can
be defined as Nanobodies with a K, Q or R at position 44 (usually K} in which position
45 is a charged amino acid residue or cysteine, and position 47 is as further defined
herein;

iii) The “103 P, R, S-group”: Nanobodies with a P, R or S at position 103. These

Nanobodies can have either the amino acid sequence GLEW at positions 44-47
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according to the Kabat numbering or the amino acid sequence KERE or KQRE at
positions 43-46 according to the Kabat numbering, the latter most preferably in
combination with an F at position 37 and an L or an F at position 47 (as defined for the
KERE-group); and can have Q or L at position 108 according to the Kabat numbering,
and preferably have Q.

Also, where appropriate, Nanobodies may belong to (i.e. have characteristics of) two
or more of these classes. For example, one specifically preferred group of Nanobodies has
GLEW or a GLEW-like sequence at positions 44-47; P,R or S (and in particular R) at
position 103; and Q at position 108 (which may be humanized to L).

More generally, it should be noted that the definitions referred to above describe and
apply to Nanobodies in the [orm ol a native (i.e. non-humanized) Vi sequence, and that
humanized variants of these Nanobodies may contain other amino acid residues than those
indicated above (i.e. one or more humanizing substitutions as defined herein). For example,
and without limitation, in some humanized Nanobodies of the GLEW-group or the 103 P, R,
S-group, Q at position 108 may be humanized to 108L. As already mentioned herein, other
humanizing substitutions (and suitable combinations thereof) will become clear to the skilled
person bascd on the disclosurc herein. In addition, or alternatively, other potentially uscful
humanizing substitutions can be ascertained by comparing the sequence of the framework
regions of a naturally occurring Vyy sequence with the corresponding framework sequence of
one or more closely related human Vy sequences, after which one or more of the potentially
uselul humanizing substitutions (or combinations thereol) thus determined can be introduced
into said Vg sequence (in any manner known per se, as further described herein) and the
resulting humanized Vg sequences can be 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 skilled person based on the disclosure herein.
Also, bascd on the forcgoing, (the framcwork rcgions of) a Nanobody may be partially
humanized or fully humanized.

Thus, in another preferred, but non-limiting aspect, a Nanobody of the invention may
be a Nanobody belonging to the GLEW-group (as defined herein), and in which CDR1,
CDR2 and CDR3 are as defined herein, and are preferably as defined according to one of the
preferred aspects herein, and are more preferably as defined according to one of the more

preferred aspects herein.
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In another preferred, but non-limiting aspect, a Nanobody of the invention may be a
Nanobody belonging to the KERE-group (as defined herein), and CDR1, CDR2 and CDR3
are as defined herein, and are preferably as defined according to one of the preferred aspects
herein, and are more preferably as defined according to one of the more preferred aspects
herein.

Thus, in another preferred, but non-limiting aspect, a Nanobody of the invention may
be a Nanobody belonging to the 103 P, R, S-group (as defined herein), and in which CDR1,
CDR2 and CDR3 are as defined herein, and are preferably as defined according to one of the
prelerred aspects herein, and are more prelerably as delined according to one of the more
preferred aspects herein.

Also, more generally and in addition to the 108Q, 43E/44R and 103 P,R,S residues
mentioned above, the Nanobodies of the invention can contain, at one or more positions that
in a conventional Vy domain would form (part of) the Vy/V1 interface, one or more amino
acid residues that are more highly charged than the amino acid residues that naturally occur at
the same position(s) in the corresponding naturally occurring Vi sequence, and in particular
one or more charged amino acid residues (as mentioned in Table A-2). Such substitutions
include, but arc not limited to, the GLEW-like sequences mentioned in Table A-3 below; as
well as the substitutions that are described in the International Application WO 00/29004 for
so-called “microbodies”, e.g. so as to obtain a Nanobody with Q at position 108 in
combination with KLEW at positions 44-47. Other possible substitutions at these positions
will be clear to the skilled person based upon the disclosure herein.

In one aspect of the Nanobodies of the invention, the amino acid residue at position 83
is chosen from the group consisting of L, M, S, V and W; and is preferably L.

Also, in one aspect of the Nanobodies of the invention, the amino acid residue at
position 83 is chosen from the group consisting of R, K, N, E, G, I, T and Q; and is most
preferably either K or E (for Nanobodies corresponding to naturally occurring Vyy domains)
or R (for “humanizcd” Nanobodics, as dcscribed herein). The amino acid residuc at position
84 is chosen from the group consisting of P, A, R, S, D T, and V in one aspect, and is most
preferably P (for Nanobodies corresponding to naturally occurring Vyy domains) or R (for
“humanized” Nanobodies, as described herein).

Furthermore, in one aspect of the Nanobodies of the invention, the amino acid residue

at position 104 is chosen from the group consisting of G and D; and is most preferably G.
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Collectively, the amino acid residues at positions 11, 37, 44, 45, 47, 83, 84, 103, 104
and 108, which in the Nanobodies are as mentioned above, will also be referred to herein as
the “Hallmark Residues”. The Hallmark Residues and the amino acid residues at the
corresponding positions of the most closely related human Vi domain, Vi3, are summarized
in Table A-3.

Some especially preferred but non-limiting combinations of these Hallmark Residues
as occur in naturally occurring Vi domains are mentioned in Table A-4. For comparison, the
corresponding amino acid residues of the human Vr3 called DP-47 have been indicated in

1talics.
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Table A-3: Hallmark Residues in Nanobodies

Position | Human Vu3 Hallmark Residues

11 L, V; predominantly L L, M, S, V,W; preferably L

37 V, L, F; usually V FU, Y,H,ILLorV, preferably Fory

44® G G¥,E® A,D,Q,R, S, L;
preferably G*,E¥ or Q;
most preferably G® or E®

45® L LY, RY,C,1,L, P, Q, V; preferably L™
or R¥

47% W, Y w2, L or FY A, G, M, R, S, Voor
Y; preferably W® , LD, FO or R

83 R or K; usually R R, K”,N,E”, G,LM, QorT;
preferably K or R; most preferably K

84 A, T, D; predominantly A P(S), A, L, R, S, T, D, V; preferably P

103 W W4), p® , R(6), S; preferably W

104 G G or D; preferably G

108 L, M or T; predominantly L | Q, L' or R; preferably Q or L'

Notes:

(D
@
3

@
&)
©®
Q)

®

In particular, but not exclusively, in combination with KERE or KQRE at positions 43-46.
Usually as GLEW at positions 44-47.

Usually as KERE or KQRE at positions 43-46, e.g. as KEREL, KEREF, KQREL, KQREF or
KEREG at positions 43-47. Alternatively, also sequences such as TERE (for example
TEREL), KECE (for example KECEL or KECER), RERE (for example REREG), QERE (for
example QEREG), KGRE (for example KGREG), KDRE (for example KDREV) are possible.
Some other possible, but less preferred sequences include for example DECKL and NVCEL.
With both GLEW at positions 44-47 and KERE or KQRE at positions 43-46.

Often as KP or EP at positions 83-84 of naturally occurring Vi domains.

In particular, but not exclusively, in combination with GLEW at positions 44-47.

With the proviso that when positions 44-47 are GLEW, position 108 is always Q in (non-
humanized) V. sequences that also contain a W at 103.

The GLEW group also containg GLEW-like sequences at positions 44-47, such as for example
GVEW, EPEW, GLER, DQEW, DLEW, GIEW, ELEW, GPEW, EWLP, GPER, GLER and
ELEW.
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In the Nanobodies, each amino acid residue at any other position than the Hallmark
Residues can be any amino acid residue that naturally occurs at the corresponding position
(according to the Kabat numbering) of a naturally occurring Viu domain.

Such amino acid residues will be clear to the skilled person. Tables A-5 to A-8
mention sonie non-limiting residues that can be present at each position (according to the
Kabat numbering) of the FR1, FR2, FR3 and FR4 of naturally occurring Var domains. For
each position, the amino acid residue that most frequently occurs at each position of a
naturally occurring Vyy domain (and which is the most preferred amino acid residue for said
position in a Nanobody) is indicated in bold; and other preferred amino acid residues for each
position have been underlined (note: the number of amino acid residues that are found at
positions 26-30 of naturally occurring Vyy domains supports the hypothesis underlying the
numbering by Chothia (supra) that the residues at these positions already form part of CDR1).

In Tables A-5 — A-8, some of the non-limiting residues that can be present at each
position of a human V g3 domain have also been mentioned. Again, for cach position, the
amino acid residuc that most frequently occurs at cach position of a naturally occurring
human V3 domain is indicated in bold; and other preferred amino acid residues have been
underlined.

For reference only, Tables A-5-A-8 also contain data on the V gy entropy (Vg £Ent.”)
and Vi variability (“Vir Var.”) at each amino acid position for a representative sample of
1118 Vur sequences (data kindly provided by David Lutje Hulsing and Prof. Theo Verrips of
Utrecht University). The values for the Vyy entropy and the Vyy variability provide a
measure for the variability and degree of conservation of amino acid residues between the
1118 Vim sequences analyzed: low values (i.e. <1, such as < 0.5} indicate that an amino acid
residue is highly conserved between the Vy sequences (i.e. little variability). For example,
the G at position 8 and the G at position 9 have values for the Vg entropy of 0.1 and 0
respectively, indicating that these residues are highly conserved and have little variability
(and in case of position 9 is G in all 1118 sequences analysed), whereas for residues that form
part of thc CDR’s gencrally valucs of 1.5 or morc arc found (data not shown). Notc that (1)
the amino acid residues listed in the second column of Tables A-5-A-8 are based on a bigger
sample than the 1118 Vun sequences that were analysed for determining the Vi entropy and
Vyun variability referred to in the last iwo columns; and (2) the data represented below
support the hypothesis that the amino acid residues at positions 27-30 and maybe even also at
positions 93 and 94 already form part of the CDR’s (although the invention is not limited to

any specific hypothesis or explanation, and as mentioned above, herein the numbering
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variability and the methodology for determining the same, see Oliveira et al., PROTEINS:
Structure, Function and Genetics, 52: 544-552 (2003).

Table A-5: Non-limiting examples of amino acid residues in FR1 (for the footnotes, see

the footnotes to Table A-3)

Pos. | Amino acid residue(s): Vur | Vim
Human Vi3 Camelid Vir's Ent. Var.
1 E,Q Q. AE - -
2 \% \% 0.2 1
3 Q Q. K 0.3 2
4 L L 0.1 1
5 V.L QELYV 0.8 3
6 E E,D,Q, A 0.8 4
7 S, T S, F 0.3 2
8 G,R G 0.1 1
9 G G 0 1
10 G,V G,D,R 0.3 2
11 Hallmark residue: [, M, S, V,W; preferably L 0.8 2
12 V,1 V. A 0.2 2
13 Q,K,R Q,E,K,P,R 0.4 4
14 P AQ A GP STV 1 5
15 G G 0 1
16 G,R G, AED 0.4 3
17 S S, E 0.5 2
18 L L,V 0.1 1
19 R, K RKLNST 0.6 4
20 L L ELV 0.5 4
21 S S,AF, T 0.2 3
22 C C 0 1
23 AT A,D,E,P,S, T,V 1.3 5
24 A ALLSTV 1 6
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Table A-5: Non-limiting examples of amino acid residues in FR1 (continued)

Pos. | Amino acid residue(s): Vi | Vun
Human V3 Camelid Vyy's Ent. | Var.
25 S SSAFEPT 0.5 5
26 G G, A D,E R, ST,V 0.7 7
27 F S,F,R,L,P,G, N, 2.3 13
2% [T N.T.ED,S.LRAGRFEY |17 |11
29 |FV FL.D.S,LG V.A 19 |11
30 S,.D,G N,S,E,G,A,D,M, T 1.8 11

Table A-6: Non-limiting examples of amino acid residues in FR2 (for the footnotes, see

the footnotes to Table A-3)

Pos. | Amino acid residue(s): Vun | Vi
Human Vg3 Camelid Vir's Ent. | Var.
36 w w 0.1 1
37 Hallmark residue: FV, H, I, L, YorV, preferably FOory 1.1 6
38 R R 02 1
39 Q Q,H,P,R 03 2
40 A AF,GLP T,V 0.9 7
41 P,S, T P,A LS 04 3
42 G G.E 02 2
43 K K,D,E,N,Q,R, T,V 0.7 6
44 Hallmark residue: G™, E¥, A, D, Q, R, S, L; preferably G, E¥ or [ 1.3 |5
Q; most preferably G or E©*)
45 Hallmark residue: L(Z), R(3), C, L L,P,Q,V, preferably L% or RY 0.6 4
46 E,V E,D,K,Q,V 0.4 2
47 Hallmark residue; W R IWorF 1), AGILMR S VorY; 19 9
preferably w LW FYorR
48 v V,I.L 0.4 3
49 S.A, G A S5, GT,V 0.8 3
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Table A-7: Non-limiting examples of amino acid residues in FR3 (for the footnotes, see

the footnotes to Table A-3)

Pos. | Amino acid residue(s): Vur | VmH
Human Vi3 Camelid Vig's Ent. Var.
66 R R 0.1 1
67 F F, L,V 0.1 1
68 T T,A,N,S 0.5 4
69 I LL,MV 0.4 4
70 S S,AE, T 0.3 4
71 R R,GH LK QST W 1.2 8
72 D, E D,E,G,N, V 0.5 4
73 N,D,G N,ADF LK, LRST VY |12 9
74 A,S A,D,G,N,P,8, T,V 1 7
75 K K. AE,K, LN, Q,R 0.9 6
76 N, S N,D,K,R, S, T,Y 0.9 6
77 S, T, 1 T,AELMPS 0.8 5
78 L, A V,LAF,G, I,M 12 5
79 Y,.H Y,A,D,F,H,N,S, T 1 7
80 L L,F,V 0.1 1
&1 Q QELLRT 0.6 5
82 M MILLV 02 2
82a N,G N,D,G,H, S, T 0.8 4
82b S SSN,D,G,R, T 1 6
82c L L,P,V 0.1 2
83 Hallmark residue: R, K® N, E‘S), G, LM, Qor T; preferably Kor |09 7
R; most preferably K
84 Hallmark residue: P, A, D, L, R, S. T, V; preferably P 0.7 6
85 E,G E,D,G,Q 0.5 3
86 D D 0 1
87 T,M T,A,S 0.2 3
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Table A-7: Non-limiting examples of amino acid residues in FR3 (continued)

Pos. | Amino acid residue(s): Vuu | Vau
Human Vg3 Camelid Vyy's Ent. Var.

88 A A G, S 03 2

89 |V,L V,A,D,LL, M,N,R, T 14 |6

90 Y Y,F 0 1

91 Y, H Y,D,F,H,L,S,T,V 06 |4

92 C C 0 1

93 AKT ANGHKNRST,V,Y |14 10

94 K R, T AVCFEGLKLRSoT 1.6 9

Table A-8: Non-limiting examples of amino acid residues in FR4 (for the footnotes, see

the footnotes to Table A-3)

Pos. | Amino acid residue(s): Vun | Vmn
Human V3 Camelid Viyr's Ent. Var.
103 Hallmark residue: W(4), p® , R«", S; preferably W 04 2
104 Hallmark residue: G or D; preferably G 0.1 1
105 Q.R Q. EK, PR 0.6 4
106 G G 0.1 1
107 T T, Al 0.3 2
108 Hallmark residue: Q, L7 or R; preferably Q or L7 04 3
109 v A% 0.1 1
110 T T, A 0.2 1
111 v V, A1 03 2
112 S S, F 03 1
113 S SSALPT 0.4 3
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Thus, in another preferred, but not limiting aspect, a Nanobody of the invention can be

defined as an amino acid sequence with the (general) structure

FR1-CDRI1 - FR2 - CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to framework regions 1 to 4, respectively, and in which
CDRI1 to CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in
which:

i) 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 Hallmark residues
mentioned in Table A-3;

and in which:

i1)  CDRI, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

The above Nanobodies may for example be Vun sequences or may be humanized
Nanobodies. When the above Nanobody sequences are Vyy sequences, they may be suitably
humanized, as further described herein. When the Nanobodies are partially humanized
Nanobodies, they may optionally be further suitably humanized, again as described herein.

In particular, a Nanobody of the invention can be an amino acid sequence with the

(general) structure

FR1-CDRI1 - FR2 - CDR2 - FR3 - CDR3 - FR4

in which FR1 to FR4 refer to framework regions | to 4, respectively, and in which

CDRI1 to CDR3 refer to the complementarity determining regions 1 to 3, respectively, and in

which:

1) (preferably) onc or more of the amino acid residucs at positions 11, 37, 44, 45, 47, 83,
84, 103, 104 and 108 according to the Kabat numbering are chosen from the Hallmark
residues mentioned in Table A-3 (it being understood that Vi sequences will contain
one or more Hallmark residues; and that partially humanized Nanobodies will usually,
and preferably, [still] contain one or more Hallmark residues [although it is also within

the scope of the invention to provide - where suitable in accordance with the invention -
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partially humanized Nanobodies in which all Hallmark residues, but not one or more of
the other amino acid residues, have been humanized]; and that in fully humanized
Nanobodies, where suitable in accordance with the invention, all amino acid residues at
the positions of the Hallmark residues will be amino acid residues that occur in a human
Vi3 sequence. As will be clear to the skilled person based on the disclosure herein that
such Vug sequences, such partially humanized Nanobodies with at least one Hallmark
residue, such partially humanized Nanobodies without Hallmark residues and such fully

humanized Nanobodies all form aspects of this invention);

and in which:

ii)

said amino acid sequence has at least 80% amino acid identity with at least one of the
amino acid sequences of SEQ ID NO’s: 1 to 22, in which for the purposes of
determining the degree of amino acid identity, the amino acid residues that form the
CDR sequences (indicated with X in the sequences of SEQ ID NO’s: 1 to 22) are

disregarded;

and in which:

iii)

CDRI1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

The above Nanobodies may for example be Vi sequences or may be humanized

Nanobodies. When the above Nanobody sequences are Vun sequences, they may be suitably

humanized, as further described herein. When the Nanobodies are partially humanized

Nanobodies, they may optionally be further suitably humanized, again as described herein.
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FR1-CDRI1 -FR2 - CDR2 - FR3 - CDR3 - FR4

in which:

1)  the amino acid residue at position 45 according to the Kabat numbering is a charged

amino acid (as delined herein) or a cysteine residue, and position 44 is prelerably an E;

and in which:

i) FRI1 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-10: Representative FW1 sequences for Nanobodies of the KERE-group.

KERE FW1 sequence no. 1

SEQID NO:23

QVQRVESGGGLVQAGGSLRLSCAASGRTSS

KERE FW1 sequence no. 2

SEQ ID NO:24

QVQLVESGGGLVQTGDSLSLSCSASGRTFS

KERE FW1 sequence no. 3

SEQ ID NO:25

QVKLEESGGGLVQAGDSLRLSCAATGRAFG

KERE FW1 sequence no. 4

SEQ ID NQO:26

AVQLVESGGGLVQPGESLGLSCVASGRDFV

KERE FW1 sequence no. 5

SEQ ID NQO:27

EVQLVESGGGLVQAGGSLRLSCEVLGRTAG

KERE FW1 sequence no. 6

SEQ ID NO:28

QVQLVESGGGWVQPGGSLRLSCAASETILS

KERE FW1 sequence no. 7

SEQ ID NO:29

QVQLVESGGGTVQPGGSLNLSCVASGNTFN

KERE FW1 sequence no. 8

SEQ ID NO:30

EVQLVESGGGLAQPGGSLQLSCSAPGFTLD

KERE FW1 sequence no. 9

SEQID NO:31

AQELEESGGGLVQAGGSLRLSCAASGRTFN

and in which:

i1}  FR2 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-11: Representative FW2 sequences for Nanobodies of the KERE-group.

KERE FW2 sequence no. 1 SEQ ID NO:41 | WFRQAPGKEREFVA
KERE FW2 sequence no. 2 SEQID NO:42 |WFRQTPGREREFVA
KERE FW2 sequence no. 3 SEQ ID NO:43 |WYRQAPGKQREMVA
KERE FW2 sequence no. 4 SEQID NO:44 {WYRQGPGKQRELVA
KERE FW2 sequence no. 5 SEQ ID NO:45 | WIRQAPGKEREGVS

KERE FW2 sequence no. 6 SEQID NO:46 | WFREAPGKEREGIS

KERE FW2 sequence no. 7 SEQ ID NO:47 | WYRQAPGKERDLVA




WO 2008/142164 PCT/EP2008/056383

132
KERE FW2 sequence no. 8 SEQ ID NO:48 |WFRQAPGKQREEVS
KERE FW2 sequence no. 9 SEQ ID NO:49 |WFRQPPGKVREFVG

and in which:
iv)  FR3 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-12: Representative FW3 sequences for Nanobodies of the KERE-group.

KERE FW3 sequence no. 1 SEQ ID NO:50 |RFTISRDNAKNTVYLQMNSLKPEDTAVYRCYF
KERE FW3 sequence no. 2 SEQ ID NO:51 | RFAISRDNNKNTGYLQMNSLEPEDTAVYYCAA
KERE FW3 sequence no. 3 SEQ ID NO:52 |RFTVARNNAKNTVNLEMNSLKPEDTAVYYCAA
KERE FW3 sequence no. 4 SEQ ID NO:53 | RFTISRDIAKNTVDLLMNNLEPEDTAVYYCAA
KERE FW3 sequence no. 5 SEQ ID NO:54 |RLTISRDNAVDTMYLQMNSLKPEDTAVYYCAA
KERE FW3 sequence no. 6 SEQ ID NO:55 | RFTISRDNAKNTVYLQMDNVKPEDTAIYYCAA
KERE FW3 sequence no. 7 SEQ ID NO:56 |RFTISKDSGKNTVYLQMTSLKPEDTAVYYCAT
KERE FW3 sequence no. 8 SEQ ID NO:57 | RFTISRDSAKNMMYLQMNNLKPQDTAVYYCAA
KERE FW3 sequence no. 9 SEQID NO:58 |RFTISRENDKSTVYLQLNSLKPEDTAVYYCAA
KERE FW3 sequence no. 10 SEQID NO:59 |RFTISRDYAGNTAYLQMNSLKPEDTGVYYCAT

and in which:
v)  FR4is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-13: Representative FW4 sequences for Nanobodies of the KERE-group.

KERE FW4 sequence no. 1 SEQID NO:60 [WGQGTQVTVSS
KERE FW4 sequence no. 2 SEQID NO:81 |WGKGTLVTVSS
KERE FW4 sequence no. 3 SEQID NO:62 |RGQGTRVTVSS
KERE FW4 sequence no. 4 SEQID NO:63 |WGLGTQVTISS

and in which:
vi) CDRI1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more prelerably as defined according to

one of the more preferred aspects herein.
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In the above Nanobodies, one or more of the further Hallmark residues are preferably
as described herein (for example, when they are Vg sequences or partially humanized
Nanobodies).

Also, the above Nanobodies may for example be Vg sequences or may be humanized
Nanobodies. When the above Nanobody sequences are Vun sequences, they may be suitably
humanized, as [urther described herein. When the Nanobodies are partially humanized
Nanobodies, they may optionally be further suitably humanized, again as described herein.

With regard to framework 1, it will be clear to the skilled person that, when an amino
acid sequence as outlined above is generated by expression of a nucleotide sequence, the first
four amino acid sequences (i.e. amino acid residues 1-4 according to the Kabat numbering)
may often be determined by the primer(s) that have been used to generate said nucleic acid.
Thus, for determining the degree of amino acid identity, the first four amino acid residues are
preferably disregarded.

Also, with regard to framework 1, and although amino acid positions 27 to 30 are
according to the Kabat numbering considered to be part of the framework regions (and not the
CDR’s), it has been found by analysis of a database of more than 1000 Vi sequences that the
positions 27 to 30 have a variability (expressed in terms of Vg entropy and Vi variability —
see Tables A-5 to A-8) that is much grealer than the variability on positions 1 to 26. Because
of this, for determining the degree of amino acid identity, the amino acid residues at positions
27 to 30 are preferably also disregarded.

In view of this, a Nanobody of the KERE class may be an amino acid sequence that is
comprised of four framework regions/sequences interrupted by three complementarity
determining regions/sequences, in which:

1)  the amino acid residue at position 45 according to the Kabat numbering is a charged
amino acid (as defined herein) or a cysteine residue, and position 44 is preferably an E;

and in which:

i) FRI1 is an amino acid sequence that, on positions 5 to 26 of the Kabat numbering, has at

least 80% amino acid identity with at least one of the following amino acid sequences:

Table A-14: Representative FW1 sequences (amino acid residues S to 26) for Nanobodies
of the KERE-group.

KERE FW1 sequence no. 10 SEQID NO:32 |VESGGGLYQPGGSLRLSCAASG

KERE FW1 sequence no. 11 SEQID NO:33 | VDSGGGLYQAGDSLKLSCALTG
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KERE FW1 sequence no. 12 SEQ ID NO:34 |VDSGGGLYQAGDSLRLSCAASG
KERE FW1 sequence no. 13 SEQID NO:35 |VDSGGGLYEAGGSLRLSCQVSE
KERE FW1 sequence no. 14 SEQID NO:36 |QDSGGGSVQAGGSLKLSCAASG
KERE FW1 sequence no. 15 SEQ ID NO:37 | VQSGGRLVQAGDSLRLSCAASE
KERE FW1 sequence no. 16 SEQ ID NO:38 |VESGGTLVQSGDSLKLSCASST

KERE FW1 sequence no. 17 SEQ ID NO:39 |MESGGDSVQSGGSLTLSCVASG
KERE FW1 sequence no. 18 SEQID NO:40 | QASGGGLVQAGGSLRLSCSASY

and in which:

iiiy FR2, FR3 and FR4 are as mentioned herein for FR2, FR3 and FR4 of Nanobodies of the
KERE-class;

and in which:

iv) CDR1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

The above Nanobodies may for example be Vi sequences or may be humanized
Nanobodies. When the above Nanobody sequences are Vyy sequences, they may be suitably
humanized, as further described herein. When the Nanobodies are partially humanized
Nanobodies, they may optionally be further suitably humanized, again as described herein.

A Nanobody of the GLEW class may be an amino acid sequence that is comprised of
[our framework regions/sequences interrupted by three complementarity determining
regions/sequences, in which
1) preferably, when the Nanobody of the GLEW-class is a non-humanized Nanobody, the

amino acid residue in position 108 is Q;
i)  FRI is an amino acid scquence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-15: Representative FW1 sequences for Nanobodies of the GLEW-group.

GLEW FW1 sequence no. 1 SEQ ID NO:64 |[QVQLVESGGGLVQPGGSLRLSCAASGFTFS
GLEW FW1 sequence no. 2 SEQID NO:65 |EVHLVESGGGLVRPGGSLRLSCAAFGFIFK
GLEW FW1 sequence no. 3 SEQID NO:66 | QVKLEESGGGLAQPGGSLRLSCVASGFTFS
GLEW FW1 sequence no. 4 SEQID NO:67 | EVQLVESGGGLVQPGGSLRLSCVCVSSGCT
GLEW FW1 sequence no. 5 SEQID NO:68 | EVQLVESGGGLALPGGSLTLSCVFSGSTFS

and in which:
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iii)  FR2 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-16: Representative FW2 sequences for Nanobodies of the GLEW-group.

GLEW FW2 sequence no. 1 SEQID NO:72 | WVRQAPGKVLEWVS

GLEW FW?2 sequence no SEQID NO:73 | WVRRPPGKGLEWVS

GLEW FW2 sequence no SEQID NO:74 | WVRQAPGMGLEWYVS

GLEW FW2 sequence no SEQ ID NO:75 | WVRQAPGKEPEWYVS

GLEW FW2 sequence no SEQ ID NO:77 | WVRQAPGKAEEWVS

GLEW FW2 sequence no SEQID NO:78 | WVRQAPGKGLEWVA

.2
.3
.4
GLEW FW2 sequence no. 5 SEQ ID NO:76 |WVRQAPGKDQEWYVS
.6
.7
.8

GLEW FW2 sequence no SEQ ID NO:79 | WVRQAPGRATEWYVS

and in which:
iv) FR3 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-17: Representative FW3 sequences for Nanobodies of the GLEW-group.

GLEW FW3 sequence no. 1 SEQ ID NO:80 | RFTISRDNAKNTLYLQMNSLKPEDTAVYYCVK
GLEW FW3 sequence no. 2 SEQID NO:81 | RFTISRDNARNTLYLQMDSLIPEDTALYYCAR
GLEW FW3 sequence no. 3 SEQ ID NO:82 |RFTSSRDNAKSTLYLQMNDLKPEDTALYYCAR
GLEW FW3 sequence no. 4 SEQ ID NO:83 |RFIISRDNAKNTLYLQMNSLGPEDTAMYYCQR
GLEW FW3 sequence no. 5 SEQ ID NO:84 | RFTASRDNAKNTLYLQMNSLKSEDTARYYCAR
GLEW FW3 sequence no. 6 SEQ ID NO:85 |RFTISRDNAKNTLYLQMDDLQSEDTAMYYCGR

and in which:
v)  FR4is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-18: Representative FW4 sequences for Nanobodies of the GLEW-group.

GLEW FW4 sequence no. 1 SEQ ID NO:86 |GSQGTQVTVSS

GLEW FW4 sequence no. SEQ ID NO:87 [LRGGTQVTVSS

GLEW FW¢4 sequence no. SEQ ID NO:88 |RGQGTLVTVSS

GLEW FW4 sequence no. SEQ ID NO:89 |RSRGIQVTVSS

GLEW FW4 sequence no. SEQID NO:90 |WGKGTQVTVYSS

| o M N

GLEW FW4 sequence no. SEQID NO:91 |WGQGTQVTVSS
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and in which:

vi) CDR1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
o one of the prelerred aspects herein, and are more preferably as delined according to
one of the more preferred aspects herein.

In the above Nanobodies, one or more of the further Hallmark residues are preferably
as described herein (for example, when they are Van sequences or partially humanized
Nanobodies).

With regard to framework 1, it will again 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.

In view of this, a Nanobody of the GLEW class may be an amino acid sequence that is
comprised of four framework regions/sequences interrupted by three complementarity
determining regions/sequences, in which:

1)  preferably, when the Nanobody of the GLEW-class is a non-humanized Nanobody, the
amino acid residuc in position 108 1s Q;

and in which:

i)  FRI is an amino acid sequence that, on positions 5 to 26 of the Kabat numbering, has at

least 80% amino acid identity with at least one ol the [ollowing amino acid sequences:;

Table A-19: Representative FW1 sequences (amino acid residues 5 to 26) for Nanobodies
of the KERE-group.

GLEW FW1 sequence no. 6 SEQID NO:69 | VESGGGLVQPGGSLRLSCAASG
GLEW FW1 sequence no. 7 SEQID NO:70 | EESGGGLAQPGGSLRLSCVASG
GLEW FW1 sequence no. 8 SEQID NO:71 | VESGGGLALPGGSLTLSCVFSG

and in which:

11) FR2, FR3 and FR4 are as mentioned herein for FR2, FR3 and FR4 of Nanobodies of the
GLEW-class;

and in which:

iv) CDR1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to

one of the more preferred aspects herein.
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The above Nanobodies may for example be Vyy sequences or may be humanized
Nanobodies. When the above Nanobody sequences are Vg sequences, they may be suitably
humanized, as further described herein. When the Nancbodies are partially humanized
Nanobodies, they may optionally be further suitably humanized, again as described herein. In
the above Nanobodies, one or more of the further Hallmark residues are preferably as
described herein (for example, when they are Vyy sequences or partially humanized
Nanobodies).
A Nanobody of the P, R, S 103 class may be an amino acid sequence that is comprised
of four framework regions/sequences interrupted by three complementarity determining
regions/sequences, in which
1)  the amino acid residue at position 103 according to the Kabat numbering is different
from W;

and in which:

i1}  preferably the amino acid residue at position 103 according to the Kabat numbering is
P, R or S, and more preferably R;

and in which:

iii)  FRI1 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-20: Representative FW1 sequences for Nanobodies of the P,R,S 103-group.

P,R,S 103 FW1 sequence no. 1 SEQID NO:92 | AVQLVESGGGLVQAGGSLRLSCAASGRTFS

P.R,S 103 FW1 sequence no. 2 SEQ ID NO:93 |QVQLQESGGGMVQPGGSLRLSCAASGFDFG

P,R,S 103 FW1 sequence no. 3 SEQID NO:94 |EVHLVESGGGLVRPGGSLRLSCAAFGFIFK

P.R,S 103 FW1 sequence no. 4 SEQID NO:95 | QVQLAESGGGLVQPGGSLKLSCAASRTIVS

P,R,S 103 FW1 sequence no. 5 SEQID NO:96 | QEHLVESGGGLVDIGGSLRLSCAASERIFS

P,R,S 103 FW1 sequence no. 6 SEQID NO:97 | QVKLEESGGGLAQPGGSLRLSCVASGFTFS

P,R,S 103 FW1 sequence no. 7 SEQID NO:98 | EVQLVESGGGLVQPGGSLRLSCVCVSSGCT

P,R,S 103 FW1 sequence no. 8 SEQID NO:99 |EVQLVESGGGLALPGGSLTLSCVFSGSTFS

and in which
1v)  FR2 is an amino acid sequence that has at least 80% amino acid identity with at least

one of the [ollowing amino acid sequences:
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Table A-21: Representative FW2 sequences for Nanobodies of the P,R,S 103-group.

P.,R,S 103 FW2 sequence no. 1 SEQ ID NO:102 | WFRQAPGKEREFVA
P,R,S 103 FW2 sequence no. 2 SEQID NO:103 | WVRQAPGKVLEWVS
P,R,S 103 FW2 sequence no. 3 SEQ ID NO:104 | WWRRPPGKGLEWVS
P,R,S 103 FW2 sequence no. 4 SEQ ID NO:105 | WIRQAPGKEREGVYS

P,R,S 103 FW2 sequence no. 5 SEQ ID NO:106 | WVRQYPGKEPEWYVS
P,R,S 103 FW2 sequence no. 6 SEQ ID NO:107 | WFRQPPGKEHEFVA
P,R,S 103 FW2 sequence no. 7 SEQ ID NO:108 | WYRQAPGKRTELVA

P,R,S 103 FW2 sequence no. 8 SEQ ID NO:109 | WLRQAPGQGLEWVS
P,R,S 103 FW2 sequence no. 9 SEQ ID NO:110 | WLRQTPGKGLEWVG
P.R.S 103 FW2 sequence no. 10 [SEQ ID NO:111 | WWRQAPGKAEEFVS

and in which:

v} FR3is an amino acid sequence that has at least 80% amino acid identity with at least

one of the following amino acid sequences:

Table A-22: Representative FW3 sequences for Nanobodies of the P,R,S 103-group.

P,R,S 103 FW3 sequence no. 1

SEQ ID NO:112

RFTISRDNAKNTVYLQMNSLKPEDTAVYYCAA

P,R,S 103 FW3 sequence no. 2

SEQ ID NO:113

RFTISRDNARNTLYLQMDSLIPEDTALYYCAR

P,R,S 103 FW3 sequence no. 3

SEQ ID NO:114

RFTISRDNAKNEMYLQMNNLKTEDTGVYYWCGA

P.R,S 103 FW3 sequence no. 4

SEQ ID NO:115

RFTISSDSNRNMIYLQMNNLKPEDTAVYYCAA

P,R,S 103 FW3 sequence no. 5

SEQ ID NO:116

RFTISRDNAKNMLYLHLNNLKSEDTAVYYCRR

P.R,S 103 FW3 sequence no. 6

SEQ ID NO:117

RFTISRDNAKKTVYLRLNSLNPEDTAVYSCNL

P,R,S 103 FW3 sequence no. 7

SEQ ID NO:118

RFKISRDNAKKTLYLQMNSLGPEDTAMYYCQR

P,R,S 103 FW3 sequence no. 8

SEQ ID NO:119

RFTVSRDNGKNTAYLRMNSLKPEDTADYYCAV

and 1n which:

vi) FR4 is an amino acid sequence that has at least 80% amino acid identity with at least

onc of the following amino acid sequences:
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P.,R,S 103 FW4 sequence no. 1 SEQ ID NO:120 | RGQGTQVTVSS
P,R,S 103 FW4 sequence no. 2 SEQ ID NO:121 |LRGGTQVTVSS
P,R,S 103 FW4 sequence no. 3 SEQ ID NO:122 | GNKGTLVTVSS
P,R.S 103 FW4 sequence no. 4 SEQ ID NO:123 | SSPGTQVTVSS
P,R,S 103 FW4 sequence no. 5 SEQ ID NO:124 | SSQGTLVTVSS
P,R,S 103 FW4 sequence no. 6 SEQ ID NO:125 | RSRGIQVTVSS

and in which:

vil)) CDR1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one ol the prelerred aspects herein, and are more preferably as delined according to
one of the more preferred aspects herein,

In the above Nanobodies, one or more of the further Hallmark residues are preferably
as described herein (for example, when they are Vyy sequences or partially humanized
Nanobodies).

With regard to framework 1, it will again 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 1o 30 are preferably disregarded.

In view of this, a Nanobody of the P,R,S 103 class may be an amino acid sequence
that is comprised of four framework regions/sequences interrupted by three complementarity
determining regions/sequences, in which:

1) thc amino acid residuc at position 103 according to the Kabat numbering is diffcrent
from W;

and in which:

i1)  preferably the amino acid residue at position 103 according to the Kabat numbering is
P,R or S, and more preferably R;

and in which:

ui)  FRI is an amino acid sequence that, on positions 5 to 26 of the Kabat numbering, has at

least 80% amino acid identity with at least one of the following amino acid sequences:

Table A-24: Representative FW1 sequences (amino acid residues 5 to 26) for Nanobodies

of the P,R,S 103-group.
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P,R.S 103 FW1 sequence no. 9 SEQ ID NO:100 | VESGGGLYQAGGSLRLSCAASG

P,R,S 103 FW1 sequence no. 10 |SEQ ID NO:101 | AESGGGLYQPGGSLKLSCAASR

and in which:

iv) FR2, FR3 and FR4 arc as mentioned herein for FR2, FR3 and FR4 of Nanobodics of the
P.R.S 103 class;

and in which:

v)  CDRI1, CDR2 and CDR3 are as defined herein, and are preferably as defined according
to one of the preferred aspects herein, and are more preferably as defined according to
one of the more preferred aspects herein.

The above Nanobodies may for example be Vun sequences or may be humanized
Nanobodies. When the above Nanobody sequences are Vin sequences, they may be suitably
humanized, as further described herein. When the Nanobodies are partially humanized
Nanobodies, they may optionally be further suitably humanized, again as described herein.

In the above Nanobodies, one or more of the further Hallmark residues are preferably
as described herein (for example, when they are Vyy sequences or partially humanized
Nanobodies).

In another preferred, but non-limiting aspect, the invention relates to a Nanobody as
described above, in which the CDR sequences have at least 70% amino acid identity,
preferably at least 80% amino acid identity, more preferably at least 90% 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: 560-621.
This degree of amino acid identity can for example be determined by determining the degree
of amino acid identity (in a manner described herein) between said Nanobody and one or
more of the sequences of SEQ ID NO’s: 560-621, in which the amino acid residues that form
the framework regions are disregarded. Such Nanobodies can be as further described herein.

As already mentioned herein, another preferred but non-limiting aspect of the
invention relates to a Nanobody with an amino acid sequence that is chosen from the group
consisting of SEQ ID NO’s: 560-621 or from the group consisting of from amino acid
sequences that have more than 80%, preferably more than 90%, more preferably more than
95%, such as 99% or more sequence identity (as defined herein) with at least one of the amino
acid sequences of SEQ ID NO’s: 560-621.

Also, in the above Nanobodies:
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1)  any amino acid substitution (when it is not a humanizing substitution as defined herein)
is preferably, and compared to the corresponding amino acid sequence of SEQ ID
NO’s; 560-621, a conservative amino acid substitution, (as defined herein);

and/or:

i) its amino acid sequence preferably contains either only amino acid substitutions, or
otherwise preferably no more than 5, preferably no more than 3, and more preferably
only 1 or 2 amino acid deletions or insertions, compared Lo the corresponding amino
acid sequence of SEQ ID NO’s: 560-621;

and/or

ii1)  the CDR’s may be CDR’s that are derived by means of affinity maturation, for example
starting from the CDR’s of to the corresponding amino acid sequence of SEQ ID NO’s:
560-621.

Preferably, the CDR sequences and FR sequences in the Nanobodies of the invention
arc such that the Nanobodies of the invention (and polypeptides of the invention comprising
the samc):

- bind to RANK-L with a dissociation constant (Kp) of 10” to 10""* moles/liter or less,
and preferably 107 to 10" moles/liter or less and more preferably 10%t0 10™
moles/liter (i.e. with an association constant (K, ) of 10° to 10'? liter/ moles or more, and
prelerably 10" to 10" Iiter/moles or more and more preferably 10* 10 10" liter/moles);

and/or such that they:

- bind to RANK-1 with a k,,rate of between 10> M's™ to about 10" M™'s!, preferably
between 10° M's™ and 10’ M™s”, more preferably between 10'M™'s" and 10" M's™,
such as between 10° M''s™ and 10’ M™s™;

and/or such that they:

- bind to RANK-L with a k. rate between 1s’ (t;»=0.69 s) and 10° ™ (providing a near
irreversible complex with a t;, of multiple days), preferably between 107s" and 107 s
!, more preferably between 10~ s™ and 10 s, such as between 10* s' and 10 5™,

Preferably, CDR sequences and FR sequences present in the Nanobodies of the
invention are such that the Nanobodies of the invention will bind to RANK-L with an affinity
less than 500 nM, preferably less than 200 nM, more preferably less than 10 nM, such as less
than 500 pM.

According to one non-limiting aspect of the invention, a Nanobody may be as defined
herein, but with the proviso that it has at least “one amino acid difference” (as defined herein)

in at least one of the framework regions compared to the corresponding framework region of
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a naturally occurring human Vi 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 Nanobody may be as defined herein, but with the proviso that it has at least “one
amino acid difference” (as deflined herein) 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 Vi domain, and in particular compared to the corresponding
framework region of DP-47. Usually, a Nanobody 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 Hallmark residues in FR2 and/or FR4 (again, including those
at positions 108, 103 and/or 45).

Also, a humanized Nanobody of the invention may be as defined herein, but with the
proviso that it has at Ieast “one amino acid difference” (as defined herein) in at least one of
the framework regions compared to the corresponding framework region of a naturally
occurring Vyyy domain. More specifically, according to one non-limiting aspect of the
invention, a humanized Nanobody may be as defined hercin, but with the proviso that it has at
least “onc amino acid diftcrence” (as defincd herein) at at least one of the Hallmark residucs
(including those at positions 108, 103 and/or 45) compared to the corresponding framework
region of a naturally occurring V yy domain. Usually, a humanized Nanobody will have at
least one such amino acid dilference with a naturally occurring Vyn domain in at least one of
FR2 and/or FR4, and in particular at at Icast onc of the Hallmark residues in FR2 and/or FR4
(again, including those at positions 108, 103 and/or 45).

As will be clear from the disclosure herein, it is also 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 Nanobodies of the invention as defined herein,
and in particular analogs of the Nanobodies of SEQ ID NO’s: 560-621. Thus, according to
one aspect of the invention, the term “Nanobody of the invention™ in its broadest sense also
covers such analogs.

Generally, in such analogs, one or more amino acid residues may have been replaced,
deleted and/or added, compared to the Nanobodies of the invention as defined 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 CDR’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
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substitutions, insertions or deletions at the Hallmark residues are generally less preferred
(unless these are suitable humanizing substitutions as described herein).

By means of non-limiting examples, a substitution may for example 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
Tables A-5 to A-8 for some non-limiting examples of such substitutions), although the
invention is generally not limited thereto. Thus, any one or more subslitutions, deletions or
insertions, or any combination thereof, that either improve the properties of the Nanobody 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 Nanobody of the invention (i.e. to the
extent that the Nanobody 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
disclosure herein and optionally after a limited degree of routine experimentation, which may
for example involve introducing a limited number of possible substitutions and determining
their influence on the properties of the Nanobodies thus obtained.

For example, and depending on the host organism used to express the Nanobody or
polypeptide of the invention, such deletions and/or substitutions may be designed in such a
way that one or more sites [or post-translational modification (such as one or more
glycosylation sites) are removed, as will be within the ability ot the person skilled in the art,
Alternatively, substitutions or insertions may be designed so as to introduce one or more sites
for attachment of functional groups (as described herein), for example to allow site-specific
pegylation (again as described herein).

As can be seen from the data on the Vg entropy and Vyy variability given in Tables
A-5to A-8 above, some amino acid residues in the framework regions are more conserved
than others. Generally, 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.
Also, generally, amino acid substitutions are preferred over amino acid deletions or insertions.

The analogs are preferably such that they can bind to RANK-L 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 kygerate, or alternatively as an IC5g value, as [urther described
herein) that is as deflined herein for the Nanobodies of the invention,

The analogs are preferably also such that they retain the favourable properties the

Nanobodies, as described herein.
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Also, according to one preferred aspect, the analogs have a degree of sequence identity
of at least 70%, preferably at least 80%, more preferably at least 90%, such as at least 95% or
99% or more; and/or preferably have at most 20, preferably at most 10, even more preferably
at most 5, such as 4, 3, 2 or only 1 amino acid difference (as defined herein), with one of the
Nanobodies of SEQ ID NOs: 560-621.

Also, the framework sequences and CDR’s of the analogs are preferably such that they
are in accordance with the preferred aspects defined herein. More generally, as described
herein, 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.

One preferred class of analogs of the Nanobodies of the invention comprise
Nanobodies that have been humanized (i.e. compared to the sequence of a naturally occurring
Nanobody 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 Vyg with the amino acid residues that occur at the same position in a
human Vy domain, such as a human Vu3 domain, Examples of possible humanizing
substitutions or combinations of humanizing substitutions will be clear to the skilled person,
for example from the Tables herein, from the possible humanizing substitutions mentioned in
the background art cited herein, and/or [rom a comparision between the sequence of a
Nanobody and the sequence of a naturally occurring human Vg domain,

The humanizing substitutions should be chosen such that the resulting humanized
Nanobodies still retain the favourable properties of Nanobodies as defined herein, and more
preferably such that they are as described for analogs 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 for example involve
introducing a limited number of possible humanizing substitutions and determining their
influence on the properties of the Nanobodies thus obtained.

Generally, as a result of humanization, the Nanobodies of the invention may become
more “human-like”, while still retaining the favorable properties of the Nanobodies of the
invention as described herein. As a result, such humanized Nanobodies may have several
advantages, such as a reduced immunogenicity, compared to the corresponding naturally
occurring Vun 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
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substitutions or suitable combinations of humanizing substitutions which optimize or achieve
a desired or suitable balance between the favourable properties provided by the humanizing
substitutions on the one hand and the favourable properties of naturally occurring Vim
domains on the other hand.

The Nanobodies of the invention may be suitably humanized at any framework
residue(s), such as at one or more Hallmark residues (as defined herein) or at one or more
other (ramework residues (i.e. non-Hallmark residues) or any suitable combination thereof.
One preferred humanizing substitution for Nanobodies of the “P,R,S-103 group” or the
“KERE group” is Q108 into [.108. Nanobodies of the “GILEW class” may also be humanized
by a Q108 into L108 substitution, provided at least one of the other Hallmark residues
contains a camelid {(camelizing) substitution (as defined herein). For example, as mentioned
above, one particularly preferred class of humanized Nanobodies 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,

The humanized and other analogs, and nucleic acid scquences encoding the same, can
be provided in any manner known per sc. For example, the analogs can be obtained by
providing a nucleic acid that encodes a naturally occurring Vanr domain, changing the codons
for the one or more amino acid residues that are to be substituted into the codons for the
corresponding desired amino acid residues (€.g. 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 optionally isolating and/or purifying the analog thus
obtained to provide said analog in essentially isolated form (e.g. as further described herein).
This can generally be performed using methods and techniques known per se, which will be
clear to the skilled person, for example from the handbooks and references cited herein, the
background art cited herein and/or from the further description herein. 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 sequence using techniques for peptide synthesis known

per se, such as those mentioned herein.
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In this respect, it will be also be clear to the skilled person that the Nanobodies 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 for
example from human Vg3 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 (o provide the sequence of a Nanobody of the
invention and/or so as to confer the favourable properties of a Nanobody to the sequence thus
obtained. Again, this can generally be performed using the various methods and techniques
referred to in the previous paragraph, using an amino acid sequence and/or nucleotide
sequence for a human Vy domain as a starting point.

Some preferred, but non-limiting camelizing substitutions can be derived from Tables
A-5 — A-8. It will also be clear that camelizing substitutions at one or more of the Hallmark
residues will generally have a greater influence on the desired propertics than substitutions at
onc or more of the other amino acid positions, although both and any suitable combination
thereof arc included within the scope of the invention. For example, it is possible to introduce
one or more camelizing substitutions that already confer at least some the desired properties,
and then to introduce further camelizing substitutions that either further improve said
properties and/or confer additional [avourable 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 for example involve introducing a
limited number of possible camelizing substitutions and determining whether the favourable
properties of Nanobodies are obtained or improved (i.e. compared to the original Vi domain).
Generally, however, such camelizing substitutions are preferably such that the resulting 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, R or S at position 103; and
optionally one or more further camelizing substitutions. More preferably, the camelizing
substitutions are such that they result in a Nanobody of the invention and/or in an analog
thereof (as defined herein), such as in a humanized analog and/or preferably in an analog that

is as defined in the preceding paragraphs.
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Other analogs and nucleic acid sequences encoding the same, can be provided, for
example to improve stability of the Nanobody. During storage, Nanobodies and other types of
immunoglobulins may generate certain variants as a result of:

i) oxidation event(s), occurring in typically only the “accessible” methionines wherein
oxidation increases during storage in parallel with incubation temperature and time;
i1)  cyclization of the first glutamic acid residue, if present, resulting in formation of
pyroglutamate, and
iii)  isomerization of only the “accessible” aspartic acids or asparagines in a DG, DS, NG or
NS motif wherein isomerization increases during storage in parallel with incubation
temperature and time.
Analoges of variants of the Nanobodies of the invention may be generated that have improved
stability profile. This can be done, for example, but without being limiting, by avoiding
isomerization of Asp (D) and Asn (N), e.g. by replacing the Asp-Gly (DG), Asp-Ser (DS),
Asn-Gly (NG) and Asn-Ser (NS) in the CDRs with another amino acid such as e.g. Glu (E) or
Gln (Q); by avoiding oxidation of Met c.g. by replacing Met which are susceptible to forced
oxidation with another amino acid such as ¢.g. an Ala or Thr, and/or by replacing N-terminal
Glu by an alternative N-terminus, ¢.g. Asp. Again, the skilled person will generally be able to
determine and select suitable stabilizing substitutions or suitable combinations of stabilizing
subslitutions, based on the disclosure herein and optionally afier a limited degree ol routine
experimentation, which may for example involve introducing a limited number of possible
stabilizing substitutions and determining whether the Nanobodies still bind RANK-L. and
whether the favourable propertics of Nanobodies are obtained or improved (i.e. compared to
the original Vu or Vuu domain). A preferred stabilized Nanobody is depicted in SEQ ID NO:;
756) wherein the DS motif in CDR2 is replaced with ES resulting in the following CDR2:
SITGSGGSTYYAESVKG (SEQ ID NO: 758).

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
Nanobodies of the invention as defined herein, and in particular parts or fragments of the
Nanobodies of SEQ ID NO’s: 560-621. Thus, according to one aspect of the invention, the
term “Nanobody of the invention” in its broadest sense also covers such parts or fragments.

Generally, such parts or [ragments of the Nanobodies ol the invention (including
analogs thereof) have amino acid sequences in which, compared to the amino acid sequence
of the corresponding full length Nanobody 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-
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terminal end, one or more contiguous internal amino acid residues, or any combination
thereof, have been deleted and/or removed.

The parts or fragments are preferably such that they can bind to RANK-L with an
aflinity (suitably measured and/or expressed as a Kp-value (actual or apparent}, a K,-value
(actual or apparent), a k,-rate and/or a k g-rate, or alternatively as an 1Cs, value, as further
described herein) that is as defined herein for the Nanobodies of the invention.

Any parl or [ragment is prelerably such that it comprises at least 10 conliguous 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 amino acid residues, of the
amino acid sequence of the corresponding full length Nanobody of the invention.

Also, any part or fragment is such preferably that it comprises at least one of CDR1,
CDR2 and/or CDR3 or at Icast part thereot (and in particular at least CDR3 or at least part
thereot). 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 thercof) and at least one other CDR (i.e. CDR1
or CDR2) or at lcast part thereof, preferably connected by suitable framework sequence(s) or
at lcast part thercot. More preferably, any part or fragment is such that it compriscs at lcast
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 least
part thereol.

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 Nanobody of the invention, i.¢. as for example described in the International
application WO 03/050531 (Lasters et al.).

As already mentioned above, it is also possible to combine two or more of such parts
or fragments (i.e. from the same or different Nanobodies of the invention), i.e. to provide an
analog (as defined herein) and/or to provide further parts or fragments (as defined herein) of a
Nanobody of the invention. It is for example also possible to combine one or more parts or
fragments of a Nanobody of the invention with one or more parts or fragments of a human Vy
domain.

According to one preferred aspect, the parts or fragments have a degree of sequence
identity of at least 50%, preflerably at least 60%, more preferably at least 70%, even more
preferably at least 80%, such as at least 90%, 95% or 99% or more with one of the

Nanobodies of SEQ ID NOs: 560-621,
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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
Nanobody ol 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
Nanobody of the invention or by synthesizing such a nucleic acid in 4 manner known per se.
Parts or fragments may also be provided using techniques for peptide synthesis known per se.

The invention in its broadest sense also comprises derivatives of the Nanobodies of the
invention. Such derivatives can generally be obtained by modification, and in particular by
chemical and/or biological (e.g enzymatical) modification, of the Nanobodies of the invention
and/or of one or more of the amino acid residues that form the Nanobodies of the invention.

Examples of such modifications, as well as examples of amino acid residues within the
Nanobody sequence that can be modified in such a manner (i.e. either on the protein
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.

For example, such a modification may involve the introduction (e.g. by covalent
linking or in an other suitable manner) of one or more (unctional groups, residues or moieties
into or onto the Nanobody 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 Nanobody of the invention. Example of such functional groups will be clear to the skilled
person.

For example, such modification may 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 Nanobody of the invention, that reduce the
immunogenicity and/or the toxicity of the Nanobody of the invention, that eliminate or
attenuate any undesirable side effects of the Nanobody of the invention, and/or that confer
other advantageous properties to and/or reduce the undesired properties of the Nanobodies
and/or polypeptides of the invention; or any combination of two or more of the foregoing.
Examples of such [unctional groups and of techniques (or introducing them will be clear o
the skilled person, and can generally comprise all [unctional 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
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the modification of antibodies or antibody fragments (including ScFv’s and single domain
antibodies), for which reference is for example made to Remington's Pharmaceutical
Sciences, 16th ed., Mack Publishing Co., Easton, PA (1980). Such functional groups may for
example be linked directly (for example covalently) to a Nanobody of the invention, or
optionally via a suitable linker or spacer, as will again be clear to the skilled person.

One of the most widely used techniques for increasing the half-life and/or reducing the
immunogenicily of pharmaceutical proteins comprises attachment of a suitable
pharmacologically acceptable polymer, such as poly(ethyleneglycol) (PEG) or derivatives
thereof (such as methoxypoly(ethyleneglycol) 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 ScI'v’s); reference is
made to for example Chapman, Nat. Biotechnol., 54, 531-545 (2002); by Veronese and
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, for example from Nektar Therapeutics, USA.

Preterably, site-dirccted pegylation is used, in particular via a cysteine-residue (sce for
example Yang et al., Protein Engineering, 16, 10, 761-770 (2003). For example, for this
purpose, PEG may be attached to a cysteine residue that naturally occurs in a Nanobody of
the invention, a Nanobody ol the invention may be modilied so as to suitably introduce one or
more cystetne residues for attachment of PEG, or an amino acid sequence comprising one or
more cysteine residues for attachment of PEG may be fused to the N- and/or C-terminus of a
Nanobody of the invention, all using techniques of protein engineering known per se to the
skilled person.

Preferably, for the Nanobodies and proteins of the invention, a PEG is used with a
molecular weight of more than 5000, such as more than 10,000 and Iess than 200,000, such as
less than 100,000; for example in the range of 20,000-80,000.

Another, usually less preferred modification comprises N-linked or O-linked
glycosylation, usually as part of co-translational and/or post-translational modification,
depending on the host cell used for expressing the Nanobody or polypeptide of the invention.

Yet another modification may comprise the introduction of one or more detectable
labels or other signal-generaling groups or moieties, depending on the intended use of the
labelled Nanobody. Suitable labels and techniques for attaching, using and detecting them
will be clear to the skilled person, and for example include, but are not limited to, fluorescent

labels (such as fluorescein, isothiocyanate, rhodamine, phycoerythrin, phycocyanin,
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allophycocyanin, o-phthaldehyde, and fluorescamine and fluorescent metals such as '**Eu or
others metals from the lanthanide series), phosphorescent labels, chemiluminescent labels or
bioluminescent labels (such as luminal, isoluminol, theromatic acridinium ester, imidazole,
acridinium salts, oxalate ester, dioxetane or GFP and its analogs), radio-isotopes (such as *H,
1251 32p_ 338, 14C, 3'Cr, *Cl, *'Co, *Co, ¥Fe, and "’ Se), metals, metal chelates or metallic
cations (for example metallic cations such as Pompe B Ul By 97py 7Cu, Ga, and ®Ga
or other metals or metallic cations that are particularly suited (or use in in vivo, in vitro or in
situ diagnosis and imaging, such as (**’Gd, >*>Mn, %Dy, 32Cr, and *°Fe), as well as
chromophores and enzymes (such as malate dehydrogenase, staphylococcal nuclease, delta-V-
steroid isomerase, yeast alcohol dehydrogenase, alpha-glycerophosphate dehydrogenase,
triose phosphate isomerase, biotinavidin peroxidase, horseradish peroxidase, alkaline
phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, urcase, catalase,
glucose-VI-phosphate dehydrogenase, glucoamylase and acetylcholine esterase). Other
suitable labels will be clear to the skilled person, and for example include moicties that can be
detected using NMR or ESR spectroscopy.

Such labelled Nanobodies and polypeptides of the invention may for example 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 ol the specilic label.

As will be clear to the skilled person, another modification may involve the
introduction of a chelating group, for example to chelate one of the metals or metallic cations
referred to above. Suitable chelating groups for example include, without limitation, diethyl-
enetriaminepentaacetic acid (DTPA) or ethylenediaminetetraacetic acid (EDTA).

Yet another modification may comprise the introduction 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 to link the Nanobody of the invention to another 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 Nanobody 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 Nanobody may be used
as a reporler, for example in a diagnostic system where a delectable signal-producing agent is
conjugated to avidin or streptavidin. Such binding pairs may for example also be used to bind
the Nanobody of the invention to a carrier, including carriers suitable for pharmaceutical

purposes. One non-limiting example are the liposomal formulations described by Cao and
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Suresh, Journal of Drug Targetting, 8, 4, 257 (2000). Such binding pairs may also be used to
link a therapeutically active agent to the Nanobody of the invention.

For some applications, in particular for those applications in which it is intended to kill
a cell that expresses the target against which the Nanobodies of the invention are directed (e.g.
in the treatment of cancer), or to reduce or slow the growth and/or proliferation such a cell,
the Nanobodies of the invention may also be linked to a toxin or to a toxic residue or moiety.
Examples of toxic moieties, compounds or residues which can be linked (o a Nanobody of the
invention to provide — for example — a cytotoxic compound will be clear to the skilled person
and can for example be found in the prior art cited above and/or in the further description
herein. One example is the so-called ADEPT™ technology described in WO 03/055527.

Other potential chemical and enzymatical modifications will be clear to the skilled
person. Such modifications may also be introduced for research purposes (¢.g. to study
function-activity relationships). Reference is for example made to Lundblad and Bradshaw,
Biotechnol. Appl. Biochem., 26, 143-151 (1997).

Preferably, the derivatives arc such that they bind to RANK-L with an affinity
(suitably measured and/or expressed as a Kp-valuc (actual or apparent), a Ka-value (actual or
apparent), a kop-rate and/or a kogerate, or alternatively as an ICso value, as further described
herein) that is as defined herein for the Nanobodies of the invention,

As mentioned above, the invention also relales to proteins or polypeptides that
essentially consist of or comprise at least one Nanobody 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 Nanobody of the invention or corresponds to
the amino acid sequence of a Nanobody of the invention which has a limited number of amino
acid residues, such as 1-20 amino acid residues, for example 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 amino terminal end and the
carboxy terminal end of the amino acid sequence of the Nanobody.

Said amino acid residues may or may not change, alter or otherwise influence the
(biological) properties of the Nanobody and may or may not add further functionality to the
Nanobody. For example, such amino acid residues:

- can comprise an N-terminal Met residue, [or example as resull of expression in a
heterologous host cell or host organism.
- may form a signal sequence or leader sequence that directs secretion of the Nanobody

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

may form a sequence or signal that allows the Nanobody (o be directed towards and/or
to penetrate or enter into specific organs, tissues, cells, or parts or compartments of
cells, and/or that allows the Nanobody 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 amino acid sequences will be clear
to the skilled person. Some non-limiting examples are the small peptide vectors (“Pep-
trans vectors”) described in WO 03/026700 and in Temsamani et al., Expert Opin. Biol.
Ther., 1, 773 (2001); Temsamani and Vidal, Drug Discov. Today, 9, 1012 (004) and
Rousselle, J. Pharmacol. Exp. Ther., 296, 124-131 (2001), and the membrane
translocator sequence described by Zhao et al., Apoptosis, 8, 631-637 (2003). C-
terminal and N-terminal amino acid sequences for intracellular targeting of antibody
fragments arc for example described by Cardinale et al., Methods, 34, 171 (2004). Other
suitable techniques tor mtracellular targeting involve the ¢cxpression and/or us¢ of so-
called “intrabodies” comprising a Nanobody of the invention, as mentioned below;
may form a “tag”, for example an amino acid sequence or residue that allows or
[acililates the purification of the Nanobody, (or example using allinity techniques
directed against said sequence or residuc. Thereatter, said sequence or residue may be
removed (e.g. by chemical or enzymatical cleavage) to provide the Nanobody sequence
(for this purpose, the tag may optionally be linked to the Nanobody sequence via a
cleavable linker sequence or contain a cleavable motif). Some preferred, but non-
limiting examples of such residues are multiple histiding residues, glutatione residues
and a myc-tag (see for example SEQ ID NO:31 of WO 06/12282).

may be one or more amino acid residues that have been functionalized and/or that can
serve as a site for attachment of functional groups. Suitable amino acid residues and
functional groups will be clear to the skilled person and include, but are not limited to,
the amino acid residues and functional groups mentioned herein for the derivatives of
the Nanobodies of the invention.

According (o another aspect, a polypeptide of the invenlion comprises a Nanobody of

the invention, which 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

sequence, 1.e. so as to provide a fusion protein comprising said Nanobody of the invention and
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the one or more further amino acid sequences. Such a fusion will also be referred to herein as
a “Nanobody fusion™.

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 Nanobody, and may or may not add
further functionality 1o the Nanobody or the polypeptide of the invention. Preferably, the
[urther amino acid sequence is such that it corfers one or more desired properties or
functionalities to the Nanobody or the polypeptide of the invention.

For example, 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 Nanobody of the invention is
directed, or a different protein, polypeptide, antigen, antigenic determinant or epitope).

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 thercof (including but not limited to ScFv’s and single
domain antibodies). Reference is for example made to the review by Holliger and Hudson,
Nature Biotechnology, 23, 9, 1126-1136 (2005).

For example, such an amino acid sequence may be an amino acid sequence that
increases the halt-life, the solubility, or the absorption, reduces the immunogenicity or 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 Nanobody of the invention per se. Some non-limiting examples of such
amino acid sequences are serum proteins, such as human serum albumin (see for example
WO 00/27435) or haptenic molecules (for example haptens that are recognized by circulating
antibodies, see for example WO 98/22141).

In particular, it has been described in the art that linking fragments of
immunoglobulins (such as Vg domains) to serum albumin or to fragments thercof can be used
to increase the half-life. Reference is for made to WO 00/27435 and WO 01/077137).
According to the invention, the Nanobody of the invention is preferably either directly linked
Lo serum albumin (or (o a suitable fragment thereol) or via a suilable 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 Nanobody of the invention may
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be linked to a fragment of serum albumin that at least comprises the domain IiI of serum
albumin or part thereof. Reference is for example made to WO 07/112940 of Ablynx N.V..

Alternatively, the further amino acid sequence may provide a second binding site or
binding unit that is directed against a serum proiein (such as, for example, human serum
albumin or another serum protein such as IgG), so as to provide increased half-life in serum.
Such amino acid sequences for example include the Nanobodies described below, as well as
the small peplides and binding proteins described in WO 91/01743, WO 01/45746 and WO
02/076489 and the dAb’s described in WO 03/002609 and WO 04/003019. Reference is also
made to Harmsen et al., Vaccine, 23 (41); 4926-42, 2005, as well as to EP 0 368 684, as well
as to the following the US provisional applications 60/843,349 (see also
PCT/EP2007/059475), 60/850,774 (see also PCT/EP2007/060849), 60/850,775 (see also
PCT/EP2007/060850) by Ablynx N.V. mentioned herein and US provisional application of
Ablynx N.V. entitled "Peptides capable of binding to serum proteins” filed on December 5,
2006 (see also PCT/EP2007/063348).

Such amino acid sequences may in particular be directed against serum albumin (and
more in particular human serum albumin) and/or against IgG (and more in particular 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 (o
FcRn (see for example WO 06/0122787) and/or amino acid sequences that are capable of
binding to amino acid residues on serum albumin that do not form part of domain IIT of serum
albumin (see again for example WO 06/0122787); amino acid sequences that have or can
provide an increased half-life (see for example WO 08/028977 by Ablynx N.V.); amino 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 (Macaca fascicularis)y and/or thesus monkeys (Macaca mulatiay) and baboon (Papio
ursinus), reference is again made to the US provisional application 60/843,349 and
PCT/EP2007/059475); amino acid sequences that can bind to serum albumin in a pH
independent manner (sec for example the US provisional application 60/850,774 by Ablynx
N.V. entitled “Amino acid sequences that bind 1o serum proteins in a manner that is
essentially independent of the pH, compounds comprising the same, and uses thereof”, filed
on October 11, 2006; see also and PCT/EP2007/059475) and/or amino acid sequences that are
conditional binders (see for example the US provisional application 60/850,775 by Ablynx
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N.V. entitled “Amino acid sequences that bind to a desired molecule in a conditional
manner”, filed on October 11, 2006; see also PCT/EP2007/060850).

According to another aspect, the one or more further amino acid sequences may
comprise one or more parts, fragments or domains of conventional 4-chain antibodies (and in
particular human antibodies) and/or of heavy chain antibodies. For example, although usually
less preferred, a Nanobody of the invention may be linked to a conventional (preferably
human) Vg or Vi domain or (o 4 natural or synthetic analog of a Vy or VL 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.).

The at least one Nanobody may also be linked to one or more (preferably human) Cul,
Cy2 and/or Cy3 domains, optionally via a linker sequence. For instance, a Nanobody linked to
a suitable C;1 domain could for example be used - together with suitable 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 Nanobody of the invention. Also, two
Nanobodies could be linked to a Cu3 domain (optionally via a linkcr) to provide a construct
with increased half-life in vivo.

According to one specific aspect of a polypeptide of the invention, one or more
Nanobodies of the invention may be linked (optionally via a suitable linker or hinge region) to
ong or more constant domains (for example, 2 or 3 constant domains that can be used as part
of/to form an Fc portion), to an Fc portion and/or 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 Cy2 and/or Cx3 domains of an antibody, such as from a heavy chain antibody (as
described herein) and more preferably from a conventional human 4-chain antibody; and/or
may form (part of) and Fc region, for example from IgG (e.g. from IgGl, IgG2, 1gG3 or
1gG4), from IgE or from another human Ig such as IgA, IgD or [gM. For example, WO
94/04678 describes heavy chain antibodies comprising a Camelid Vi domain or a humanized
derivative thereof (i.e. a Nanobody), in which the Camelidae Cy2 and/or Cy3 domain have
been replaced by human Cy2 and Cp3 domains, so as (o provide an immunoglobulin that
consists of 2 heavy chains each comprising a Nanobody and human Cy2 and Cy3 domains
(but no Cul domain), which immunoglobulin has the effector function provided by the Cu2

and Cy3 domains and which immunoglobulin can function without the presence of any light
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chains. Other amino acid sequences that can be suitably linked to the Nanobodies 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 for example made to WO
04/058820, WO 99/42077, WO 02/056910 and WO 05/017148, as well as the review by
Holliger and Hudson, supra and to the non-prepublished US provisional application by
Ablynx N.V. entitled “Constructs comprising single variable domains and an Fc portion
derived from IgE” which has a (iling dale of December 4, 2007. Coupling of a Nanobody of
the invention to an Fc portion may also lead to an increased half-life, compared to the
corresponding Nanobody of the invention. For some applications, the use of an Fc portion
and/or of constant domains (i.e. Cg2 and/or Cx3 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 Nanobodies and one or more constant
domains with increased half-life in vivo will be clear to the skilled person, and may for
example comprise two Nanobodies linked to a Cy3 domain, 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-oft value for renal absorption.

In another one specific, but non-limiting, aspect, in order to form a polypeptide of the
invention, one or more amino acid sequences of the invention may be linked (optionally via a
suitable linker or hinge region) to naturally occurring, synthetic or semisynthetic constant
domains (or analogs, variants, mutants, parts or fragments thercot) that have a reduced (or
essentially no) tendency to self-associate into dimers (i.e. compared to constant domains that
naturally occur in conventional 4-chain antibodies). Such monomeric (i.e. not self-
associating) Fc chain variants, or fragments thereof, will be clear to the skilled person. For
example, Helm et al., J Biol Chem 1996 271 7494, describe monomeric Fce chain variants
that can be used in the polypeptide chains of the invention.

Also, such monomeric Fc chain variants are preferably such that they are still capable
of binding to the complement or the relevant Fc receptor(s) (depending on the Fe portion from
which they are derived), and/or such that they still have some or all of the effector functions
of the F¢ portion from which they are derived (or at a reduced level still suitable for the
intended use). Alternatively, in such a polypeptide chain of the invention, the monomeric Fc
chain may be used to confer increased half-life upon the polypeptide chain, in which case the
monomeric Fc chain may also have no or essentially no effector functions.

Bivalent/multivalent, bispecific/multispecific or biparatopic/multiparatopic

polypeptides of the invention may also be linked to Fc portions, in order to provide
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polypeptide constructs of the type that is described in the non-prepublished US provisional
application US 61/005,331 entitled “immunoglobulin constructs” filed on December 4, 2007.

The further amino acid sequences may also form a signal sequence or leader sequence
that directs secretion of the Nanobody or the polypeplide of the invention [rom 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).

The further amino acid sequence may also form a sequence or signal that allows the
Nanobody or polypeptide of the invention to be directed towards and/or to penetrate or enter
into specific organs, tissues, cells, or parts or compartments of cells, and/or that allows the
Nanobody 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 tumors,
or the blood-brain-barrier. Suitable examples of such amino acid sequences will be clear to
the skilled person, and for example include, but are not limited to, the “Peptrans” vectors
mentioned above, the sequences described by Cardinale ¢t al. and the amino acid sequences
and antibody fragments known per se that can be used to express or produce the Nanobodies
and polypeptides of the invention as so-called “intrabodics”, for example as described in WO
94/02610, WO 95/22618, US-A-7004940, WO 03/014960, WO 99/07414; WO 05/01690; EP
1 512 696; and in Cattanco, A. & Biocca, S. (1997) Intracellular Antibodies: Development
and Applications. Landes and Springer-Verlag; and in Kontermann, Methods 34, (2004), 163-
170, and the further references described therein.

For some applications, in particular for those applications in which it is intended to kill
a cell that expresses the target against which the Nanobodies 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 Nanobodies 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 Nanobody of the
invention to provide — for example — a cytotoxic polypeptide of the invention will be clear to
the skilled person and can for example be found in the prior art cited above and/or in the
further description herein. One example is the so-called ADEPT™ technology described in
WO 03/055527.

According to one preferred, but non-limiting aspect, said one or more further amino
acid sequences comprise al least one [urther Nanobody, so as (o provide a polypeptide of the
invention that comprises at least two, such as three, four, five or more Nanobodies, in which
said Nanobodies may optionally be linked via one or more linker sequences (as defined

herein). Polypeptides of the invention that comprise two or more Nanobodies, of which at
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least one is a Nanobody of the invention, will also be referred to herein as “multivalent”
polypeptides of the invention, and the Nanobodies present in such polypeptides will also be
referred to herein as being in a “multivalent format”, For example a “bivalent” polypeptide of
the invention comprises two Nanobodies, optionally linked via a linker sequence, whereas a
“Urivalent” polypeptide of the invention comprises three Nanobodies, optionally linked via
two linker sequences; etc.; in which at least one of the Nanobodies present in the polypeptide,
and up Lo all of the Nanobodies present in the polypeplide, is/are a Nanobody of the invention.

In a multivalent polypeptide of the invention, the two or more Nanobodies may be the
same or different, and may be directed against the same antigen or antigenic determinant (for
example against the same part(s) or epitope(s) or against different parts or epitopes) or may
alternatively be directed against different antigens or antigenic determinants; or any suitable
combination thereof. For example, a bivalent polypeptide of the invention may comprise (a)
two identical Nanobodies; (b) a first Nanobody directed against a first antigenic determinant
of a protein or antigen and a second Nanobody directed against the same antigenic
determinant of said protein or antigen which is different from the first Nanobody; (c) a first
Nanobody directed against a first antigenic determinant of a protein or antigen and a second
Nanobody directed against another antigenic determinant of said protein or antigen; or (d) a
first Nanobody directed against a first protein or antigen and a second Nanobody directed
against a second protein or antigen (i.e. dilferent (rom said [irst antigen). Similarly, a trivalent
polypeptide ot the invention may, for example and without being limited thercto. comprise (a)
three identical Nanobodies; (b) two identical Nanobody against a first antigenic determinant
of an antigen and a third Nanobody directed against a different antigenic determinant of the
same antigen; (c) two identical Nanobody against a first antigenic determinant of an antigen
and a third Nanobody directed against a second antigen different from said first antigen; (d) a
first Nanobody directed against a first antigenic determinant of a first antigen, a second
Nanobody directed against a second antigenic determinant of said first antigen and a third
Nanobody directed against a second antigen different from said first antigen; or (e) a first
Nanobody directed against a first antigen, a second Nanobody directed against a second
antigen different from said first antigen, and a third Nanobody directed against a third antigen
different from said first and second antigen.

Polypeptides of the invention that contain at least two Nanobodies, in which at least
one Nanobody is directed against a first antigen (i.e. against RANK-L) and at least one
Nanobody is directed against a second antigen (i.e. different from RANK-L), will also be

referred to as “multispecific” polypeptides of the invention, and the Nanobodies present in
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such polypeptides will also be referred to herein as being in a “multispecific format”. Thus,
for example, a “bispecific” polypeptide of the invention is a polypeptide that comprises at
least one Nanobody directed against a first antigen (i.e. RANK-L) and at least one further
Nanobody directed against a second antigen (i.c. different from RANK-L), whereas a
“trispecific” polypeptide of the invention is a polypeptide that comprises at least one
Nanobody directed against a first antigen (i.e. RANK-L), at least one further Nanobody
directed against a second antigen (i.¢. different [fom RANK-L) and at least one (urther
Nanobody directed against a third antigen (i.e. different from both RANK-L, and the second
antigen); etc.

Accordingly, in its simplest forn, a bispecific polypeptide of the invention is a
bivalent polypeptide of the invention (as defined herein), comprising a first Nanobody
directed against RANK-L, and a second Nanobody directed against a second antigen, in
which said first and second Nanobody may optionally be linked via a linker sequence (as
defined herein); whereas a trispecific polypeptide of the invention in its simplest form is a
trivalent polypeptide of the invention (as defined herein), comprising a first Nanobody
dirccted against RANK-L, a seccond Nanobody directed against a second antigen and a third
Nanobody directed against a third antigen, in which said first, second and third Nanobody
may optionally be linked via one or more, and in particular one and more, in particular two,
linker sequences.

However, as will be clear from the description heremabove, the invention is not
limited thereto, in the sense that a multispecific polypeptide of the invention may comprise at
least one Nanobody against RANK-L, and any number of Nanobodies directed against one or
more antigens different from RANK-L.

Furthermore, although it is encompassed within the scope of the invention that the
specific order or arrangement of the various Nanobodies in the polypeptides of the invention
may have some influence on the properties of the final polypeptide of the invention (including
but not limited to the affinity, specificity or avidity for RANK-L, or against the one or more
other antigens). said order or arrangement is usually not critical and may be suitably chosen
by the skilled person, optionally after some limited routine experiments based on the
disclosure herein. Thus, 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 Nanobodies, unless explicitly indicated otherwise,
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Finally, it is also within the scope of the invention that the polypeptides of the
invention contain two or more Nanobodies and one or more further amino acid sequences (as
mentioned herein).

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 (o for example WO 96/34103 and WO 99/23221. Some other examples ol some
specific multispecific and/or multivalent polypeptide of the invention can be found in the
applications by Ablynx N.V. referred to herein.

One preferred, but non-limiting example of a multispecific polypeptide of the
invention comprises at least one Nanobody of the invention and at least one Nanobody that
provides for an increased half-life. Such Nanobodies may for example be Nanobodics that are
directed against a serum protein, and in particular a human serum protein, such as human
serum albumin, thyroxine-binding protein, (human) transferrin, fibrinogen, an
immunoglobulin such as 1gG, IgE or IgM, or against one of the serum proteins listed in WO
04/003019. Of these, Nanobodies that can bind to serum albumin (and in particular human
serum albumin) or to IgG (and in particular human IgG, see for example Nanobody VH-1
described in the review by Muyldermans, supra) are particularly preferred (although for
example, for experiments in mice or primates, Nanobodies against or cross-reactive with
mouse scrum albumin (MSA) or serum albumin from said primate, respectively, can be used.
However, for pharmaceutical use, Nanobodies against human serum albumin or human IgG
will usually be preferred). Nanobodies that provide for increased half-life and that can be used
in the polypeptides of the invention include the Nanobodies 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 above.

For example, the some preferred Nanobodies 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 for
example WO 06/0122787); Nanobodies that are capable of binding to amino acid residues on
serum albumin that do not form part of domain III of serum albumin (see for example WO
06/0122787); Nanobodies that have or can provide an increased hal(-life (see for example the
US provisional application 60/843,349 by Ablynx N.V mentioned herein; see also
PCT/EP2007/059475); 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
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species of primate (such as, without limitation, monkeys from the genus Macaca (such as, and
in particular, cynomologus monkeys (Macaca fascicularis) and/or rhesus monkeys (Macaca
mulatta)) and baboon (Papio ursinus)) (see for example the US provisional application
60/843,349 by Ablynx N.V; see also PCT/EP2007/059475); Nanobodies that can bind to
serum albumin in a pH independent manner (see for example the US provisional application
60/850,774 by Ablynx N.V.; see also PCT/EP2007/060849) and/or Nanobodies that are
conditional binders (see (or example the US provisional application 60/850,775 by Ablynx
N.V.; see also PCT/EP2007/060850).

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 III) of which ALB-8 (SEQ ID NO: 62 in WO
06/122787) 1s particularly preferred.

Some preferred, but non-limiting examples of polypeptides of the invention that
comprise at least one Nanobody of the invention and at least one Nanobody that provides for
increased half-life are given in SEQ 1D NO’s 694-729 and 759-760.

According to a specific, but non-limiting aspect of the invention, the polypeptides of
the invention contain, besides the one or more Nanobodies of the invention, at least one
Nanobody against human serum albumin,

Generally, any polypeptides ol the invention with increased hal(-life that contain one
or more Nanobodics of the invention, and any derivatives of Nanobodies of the invention or
of such polypeptides that have an increased half-life, preferably have a half-life that is at least
1.5 times, preferably at least 2 times, such as at least 5 times, for example at least 10 times or
more than 20 times, greater than the half-life of the corresponding Nanobody 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, 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 Nanobody of the invention per se.

In a preferred, but non-limiting aspect of the invention, such derivatives or
polypeptides may 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, such derivatives or polypeplides may have a hal(-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
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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).

According to one aspect of the invention the polypeptides are capable of binding to
one or more molecules which can increase the half-life of the polypeptide in vivo.

The polypeptides of the invention are stabilised in vivo and their half-life increased by
binding to molecules which resist degradation and/or clearance or sequestration. Typically,
such molecules are naturally occurring proteins which themselves have a long half-life in
vivo.

Another preferred, but non-limiting example of a multispecific polypeptide of the
invention comprises at least one Nanobody of the invention and at least one Nanobody 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 Nanobody 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 Nanobodies include Nanobodies that are directed
towards specific cell-surtace 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
preterred examples.

In the polypeptides of the invention, the one or more Nanobodies and the one or more
polypeptides may be directly linked to each other (as for example described in WO 99/23221)
and/or may be linked to each other via one or more suitable spacers or linkers, or any
combination thereof.

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.

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 for example 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 Vi domains to come
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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
Nanobody by itself forms a complete antigen-binding site).

For example, a linker may be a suitable amino acid sequence, and in particular amino
acid sequences of between 1 and 50, preferably between 1 and 30, such as between 1 and 10
amino acid residues. Some preferred examples of such amino acid sequences include gly-ser
linkers, for example of the Lype (glyxsery)z, such as (for example (glysser)s or (glyssera)s, as
described in WO 99/42077 and the GS30, GS15, GS9 and GS7 linkers described in the
applications by Ablynx mentioned herein (see for example WO 06/040153 and WO
06/122825), as well as hinge-like regions, such as the hinge regions of naturally occurring
heavy chain antibodies or similar sequences (such as described in WO 94/04678 ).

Some other particularly preferred linkers are poly-alanine (such as AAA), as well as
the linkers GS30 (SEQ 1D NO: 85 in WO 06/122825) and GS9 (SEQ ID NO: 84 in WO
06/122825).

Other suitable linkers generally comprise organic compounds or polymers, in
particular those suitable for use in proteins for pharmaceutical use. For instance,
poly(ethyleneglycol) moieties have been used to link antibody domains, see for example WO
04/081026.

It is encompassed within the scope of the invention that the length, the degree ol
tlexibility 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 final
polypeptide of the invention, including but not limited to the affinity, specificity or avidity for
RANK-L, 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.

For example, in multivalent polypeptides of the invention that comprise Nanobodies
directed against a multimeric antigen (such as a multimeric receptor or other protein), the
length and flexibility of the linker are preferably such that it allows each Nanobody of the
invention present in the polypeptide to bind to the antigenic determinant on each of the
subunits of the multimer. Similarly, in a multispecific polypeptide of the invention that
comprises Nanobodies directed against two or more different antigenic delerminants on the
same antigen (for example against different epitopes of an antigen and/or against di{ferent
subunits of a multimeric receptor, channel or protein), the length and flexibility of the linker

are preferably such that it allows each Nanobody to bind to its intended antigenic determinant.
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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.

It is also within the scope of the invention that the linker(s) used confer one or more
other favourable properties or functionality to the polypeptides of the invention, and/or
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 Nanobodies of the
invention). For example, linkers containing one or more charged amino acid residues (see
Table A-2 above) can provide improved hydrophilic properties, whereas linkers that form or
contain small epitopes or tags can be used for the purposes of detection, identification and/or
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.

Finally, when two or more linkers are used in the polypeptides of the invention, these
linkers may be 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.

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 thererto. For
example, when a polypeptide of the invention comprises three of more Nanobodies, it 1s
possible to link them by use of a linker with three or more “arms”, which each “arm” being
linked to a Nanobody, so as to provide a “star-shaped” construct. It is also possible, although
usually less preferred, to use circular constructs,

The invention also comprises derivatives of the polypeptides of the invention, which
may be essentially analogous to the derivatives of the Nanobodies of the invention, i.e. as
described herein.

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).

According to one aspect of the invention, the polypeptide of the invention is in
essentially isolated from, as defined herein.

The amino acid sequences, Nanobodies, polypeptides and nucleic acids of the
invention can be prepared in a manner known per se, as will be clear to the skilled person

from the further description herein. For example, the Nanobodies and polypetides of the
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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 fragments). Some preferred, but non-limiting methods for
preparing the amino acid sequences, Nanobodies, polypeptides and nucleic acids include the
methods and techniques described herein.

As will be clear to the skilled person, one particularly useful method for preparing an
amino acid sequence, Nanobody and/or a polypeplide of the invention generally comprises
the steps of:

1) the expression, in a suitable host cell or host organism (also referred to herein as a “host
of the invention”) or in another suitable expression system of a nucleic acid that
encodes said amino acid sequence, Nanobody or polypeptide of the invention (also
referred to herein as a “nucleic acid of the invention’), optionally followed by:

i1)  isolating and/or purifying the amino acid sequence, Nanobody or polypeptide of the
invention thus obtained.

In particular, such a method may comprise the steps of:

1) 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 sequence,
Nanobody and/or polypeptide of the invention; optionally followed by:

i1)  isolating and/or purifying the amino acid sequence, Nanobody or polypeptide ol the
invention thus obtained.

A nucleic acid of the invention can be in the form of single or double stranded DNA or
RNA, and is preferably in the form of double stranded DNA. For example, the nucleotide
sequences of the invention may be 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).

According to one aspect of the invention, the nucleic acid of the invention is in
essentially isolated from, as defined herein.

The nucleic acid of the invention may also be in the form of, be present in and/or be
part of a vector, such as for example a plasmid, cosmid or YAC, which again may be in
essentially isolated form.

The nucleic acids of the invention can be prepared or oblained in a manner known per
se, based on the information on the amino acid sequences for the polypeptides of the
invention given herein, and/or can be isolated from a suitable natural source. To provide

analogs, nucleotide sequences encoding naturally occurring Vyy domains can for example be
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subjected to site-directed mutagenesis, so at to provide a nucleic acid of the invention
encoding said analog. Also, as will be clear to the skilled person, to prepare a nucleic acid of
the invention, also several nucleotide sequences, such as at least one nucleotide sequence
encoding a Nanobody and for example nucleic acids encoding one or more linkers can be
linked together in a suitable manner.

Techniques for generating the nucleic acids of the invention will be clear to the skilled
person and may (or instance include, bul are not limited (o, 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. These and other techniques will be clear to the skilled person, and
reference 1s again made to the standard handbooks, such as Sambrook ot al. and Ausubel et
al., mentioned above, as well as the Examples below.,

The nucleic acid of the invention may also be in the form of, bc present in and/or be
part of a genetic construct, as will be clear to the person skilled in the art. Such genetic
constructs generally comprise at least one nucleic acid of the invention that is optionally
linked to one or more ¢lements ol genetic constructs known per se, such as for example one or
more suitable regulatory clements (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”.

The genetic constructs of the invention may be DNA or RNA, and are preferably
double-stranded DNA. The genetic constructs of the invention may also be in a form suitable
for transformation of the intended host 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 for example a
plasmid, cosmid, YAC, a viral vector or transposon. In particular, the vector may be an
expression veclor, 1.e. a vectlor that can provide [or expression in vilro and/or in vivo (e.g. in a
suitable host cell, host organism and/or expression system).

In a preferred but non-limiting aspect, a genetic construct of the invention comprises

1) atleast one nucleic acid of the invention; operably connected to
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il)  one or more regulatory elements, such as a promoter and optionally a suitable
terminator;

and optionally also

iii)  one or more further elements of genetic constructs known per se;

AN 1Y b 14

in which the terms “regulatory element”, “promoter”, “terminator” and “operably connected”
have their usual meaning in the art (as further described herein); and in which said “further
clements” present in the genetic constructs may (or example be 3°- or 5°-UTR sequences,
leader sequences, selection 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); and/or the transformation technique to be
used. For example, regulatory requences, 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.

Preferably, 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 [urther elements,
are “operably linked” to each other, by which 1s 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” said 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 also be essentially contiguous, although this may
also not be required.

Preferably, the regulatory and further elements of the genetic constructs of the
invention are such that they are capable of providing their intended biological function in the
intended host cell or host organism.

For instance, a promolter, 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 transcription and/or the expression
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of a nucleotide sequence - e.g. a coding sequence - 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, such as those mentioned herein and/or
those used in the Examples.

A selection marker should be such that it allows - i.e. under appropriate selection
conditions - host cells and/or host organisms that have been (successfully) transformed with
the nucleotide sequence of the invention to be distinguished from host cells/organisms that
have not been (successfully) transformed. Some preferred, but non-limiting examples of such
markers are genes that provide resistance against antibiotics (such as kanamycin or
ampicillin), genes that provide for temperature resistance, or genes that allow the host cell or
host organism to be maintained in the absence of certain factors, compounds and/or (food)
components in the medium that are essential for survival of the non-transformed cells or
organisms.

A leader sequence should be such that - in the intended host cell or host organism - it
allows for the desired post-translational modifications and/or such that it directs the
transcribed mRNA to a desired part or organelle of a cell. A leader sequence may also allow
[or secretion of the expression product from said cell. As such, the leader sequence may be
any pro-, pre-, or prepro-sequence operable in the host cell or host organism. Leader
sequences may not be required for expression in a bacterial cell. For example, leader
sequences 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.

An expression marker or reporter gene should be such that - in the host cell or host
organism - it allows for detection of the expression of (a gene or nucleotide sequence present
on) the genetic construct. An expression marker may optionally also allow for the localisation
of the expressed product, ¢.g. in a specific part or organelle of a cell and/or in (a) specific
cell(s), tissue(s), organ(s) or part(s) of a multicellular organism. Such reporter genes may also
be expressed as a protein fusion with the amino acid sequence of the invention, Some
preferred, but non-limiting examples include [luorescent proteins such as GFP.

Some preferred, but non-limiting examples of suitable promoters, terminator and
further elements include those that can be used for the expression in the host cells mentioned

herein; and in particular those that are suitable for expression in bacterial cells, such as those
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mentioned herein and/or those used in the Examples below. For some (further) non-limiting

examples of the promoters, selection markers, leader sequences, expression markers and

further elements that may be present/used in the genetic constructs of the invention - such as
terminators, transcriptional and/or translational enhancers and/or integration factors -
reference is made to the general handbooks such as Sambrook et al. and Ausubel et al.

mentioned above, as well as to the examples that are given in WO 95/07463, WO 96/23810,

WO 95/07463, WO 95/21191, WO 97/11094, WO 97/42320, WO 98/06737, WO 98/21355,

US-A-7,207,410, US-A- 5,693,492 and EP 1 085 089. Other examples will be clear to the

skilled person. Reference is also made to the general background art cited above and the

further references cited herein.

The genetic constructs of the invention may generally be provided by suitably linking
the nucleotide sequence(s) of the invention to the one or more further elements described
above, for example using the techniques described in the general handbooks such as
Sambrook et al. and Ausubel ct al., mentioned above.

Often, the genctic constructs of the invention will be obtained by inserting a nucleotide
scquence of the invention in a suitable (expression) vector known per sc. Some preferred, but
non-limiting examples of suitable expression vectors are those used in the Examples below, as
well as those mentioned herein.

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.¢. for expression and/or production of the
amino acid sequence, Nanobody or polypeptide of the invention. Suitable hosts or host cells
will be clear to the skilled person, and may for example be any suitable fungal, prokaryotic or
cukaryotic cell or cell line or any suitable fungal, prokaryotic or eukaryotic organism, for
example;

- a bacterial strain, including but not limited to gram-negative strains such as strains of
Escherichia coli;, of Proteus, for example of Proteus mirabilis; of Pseudomonas, for
example of Pseudomonas fluorescens; and gram-positive strains such as strains of
Bacillus, for example of Bacillus subtilis or of Bacillus brevis; of Streptomyces, for
example of Streptomyces lividans; of Staphylococcus, for example of Staphylococcus
carnosus, and of Lactococcus, for example of Lactococcus lactis;

- a [ungal cell, including but not limited to cells from species of Trichoderma, [or
example from Trichoderma reesei; of Neurospora, for example from Neurospora

crassa; of Sordaria, for example from Sordaria macrospora; of Aspergillus, for
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example from Aspergillus niger or from Aspergillus sojae; or from other filamentous
fungi;

- a yeast cell, including but not limited to cells from species of Saccharomyces, for
example of Saccharomyces cerevisiae; ol Schizosaccharomyces, for example of
Schizosaccharomyces pombe; of Pichia, for example of Pichia pastoris or of Pichia
methanolica; of Hansenula, for example of Hansenula polymorpha; of Kluyveromyces,
for example of Kluyveromyces lactis; ol Arxula, [or example o[ Arxula adeninivorans;
of Yarrowia, for example of Yarrowia lipolvtica;

- an amphibian cell or cell line, such as Xenopus oocytes;

- an insect-derived cell or cell line, such as cells/cell lines derived from lepidoptera,
including but not limited to Spodoptera SI'9 and Sf21 cells or cells/cell lines derived
from Drosophila, such as Schneider and Kc cells;

- a plant or plant cell, for example in tobacco plants; and/or

- a mammalian cell or cell line, for example a cell or cell line derived from a human, a
cell or a cell line from mammals including but not limited to CHO-cells, BHK -cells (for
cxample BHK-21 cclls) and human cells or ccll lines such as HelLa, COS (for cxamplc
COS-7) and PER.C6 cells;

as well as all other hosts or host cells known per se for the expression and production of

antibodies and antibody {ragments (including but not limited to (single) domain antibodies

and ScFv fragments), which will be clear to the skilled person. Reference is also made to the
general background art cited hereinabove, as well as to for example 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.

The amino acid sequences, Nanobodies and polypeptides of the invention can also be
introduced and expressed in one or more cells, tissues or organs of a multicellular organism,
for example for prophylactic and/or therapeutic purposes (e.g. as a gene therapy). For this
purpose, the nucleotide sequences of the invention may be introduced into the cells or tissues
in any suitable way, for example as such (e.g. using liposomes) or after they have been
inserted into a suitable gene therapy vector (for example derived from retroviruses such as
adenovirus, or parvoviruses such as adeno-associated virus). As will also be clear Lo the
skilled person, such gene therapy may be performed in vivo and/or in situ in the body of a
patient by administering a nucleic acid of the invention or a suitable gene therapy vector

encoding the same to the patient or to specific cells or a specific tissue or organ of the patient;
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or suitable cells (often taken from the body of the patient to be treated, such as explanted
lymphocytes, bone marrow aspirates or tissue biopsies) may be treated in vitro with a
nucleotide sequence of the invention and then be suitably (re-)introduced into the body of the
patient. All this can be performed using gene therapy vectors, techniques and delivery
systems which are well known to the skilled person, and for example described in Culver, K.
W., "Gene Therapy", 1994, p. xii, Mary Ann Liebert, Inc., Publishers, New York, N.Y);
Giordano, Nature F Medicine 2 (1996), 534-539; Schaper, Circ. Res. 79 (1996), 911-919;
Anderson, Science 256 (1992),808-813; Verma, Nature 389 (1994),239; Isner, Lancet 348
(1996),370-374; Muhlhauser, Circ. Res. 77 (1995),1077-1086; Onodera, Blood 91; (1998),30-
36; Verma, Gene Ther. 5 (1998),692-699; Nabel, Ann. N.Y. Acad. Sci. : 811 (1997), 289-292;
Verzeletti, Hum, Gene Ther, 9 (1998), 2243-51; Wang, Nature Medicine 2 (1996),714-716;
WO 94/29469; WO 97/00957, US 5,580,859; US 5,5895466; or Schaper, Current Opinion in
Biotechnology 7 (1996), 635-640. For example, in situ expression of ScFv fragments
(Afanasicva ct al., Gene Ther., 10, 1850-1859 (2003)) and of diabodies (Blanco ct al., J.
Immunol, 171, 1070-1077 (2003)) has been described in the art.

For expression of the Nanobodics in a ccll, they may also be expressed as so-called
“intrabodies”, as for example described in WO 94/02610, WO 95/22618 and US-A-7004940;
WO 03/014960; in Cattanco, A. & Biocca, S. (1997) Intracellular Antibodies: Development
and Applications. Landes and Springer-Verlag; and in Kontermann, Methods 34, (2004), 163-
170.

The amino acid sequences, Nanobodies and polypeptides of the invention can for
example also be produced in the milk of transgenic mammals, for example in the milk of
rabbits, cows, goats or sheep (see for example US-A-6,741,957, US-A-6,304,489 and US-A-
6,849,992 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 turbers (for
example in tobacco, maize, soybean or alfalfa) or in for example pupae of the silkworm
Bombix mori.

Furthermore, the amino acid sequences, Nanobodies and polypeptides of the invention
can also be expressed and/or produced in cell-free expression systems, and suitable examples
of such systems will be clear to the skilled person. Some preferred, but non-limiting examples
include expression in the wheal germ system; in rabbil reticulocyte lysates; or in the E. coli
Zubay system.

As mentioned above, one of the advantages of the use of Nanobodies is that the

polypeptides based thereon can be prepared through expression in a suitable bacterial system,



10

20

30

WO 2008/142164 PCT/EP2008/056383
173

and suitable bacterial expression systems, vectors, host cells, regulatory elements, etc., will be
clear to the skilled person, for example from the references cited above. It should however be
noted that the invention in its broadest sense is not limited to expression in bacterial systems,

Preferably, in the invention, an (in vivo or in vitro) expression system, 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 Lo the skilled person, polypeptides of the invention
suitable for pharmaceutical use can be prepared using techniques for peptide synthesis.

For production on industrial scale, preferred heterologous hosts for the (industrial)
production of Nanobodies or Nanobody-containing protein therapeutics include strains of E.
coli, Pichia pastoris, S. cerevisiae that are suitable for large scale
expression/production/fermentation, and in particular for large scale pharmaceutical (i.c.
GMP grade) expression/production/fermentation. Suitable examples of such strains will be
clear to the skilled person. Such strains and production/expression systems are also made
available by companies such as Biovitrum (Uppsala, Sweden).

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 also made available by some ol the companies mentioned above.

The choice of the specitic expression system would depend 1n part on the requirement
for certain post-translational modifications, more specifically glycosylation. The production
of a Nanobody-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 cell line that is used for the expression. Preferably, either a human cell
or cell line is used (i.e. leading to 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 (o a
glycosylation pattern that differs [rom human glycosylation. Nevertheless, it should be

understood that all the foregoing host cells and expression systems can be used in the
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invention, depending on the desired amino acid sequence, Nanobody or polypeptide to be
obtained.

Thus, according to one non-limiting aspect of the invention, the amino acid sequence,
Nanobody or polypeptide of the invention is glycosylated. According to another non-limiting
aspect of the invention, the amino acid sequence, Nanobody or polypeptide of the invention is
non-glycosylated.

According (o one preferred, but non-limiting aspect of the invention, the amino acid
sequence, Nanobody 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 above.

According to another preferred, but non-limiting aspect of the invention, the amino
acid sequence, Nanobody 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 above,

According to yet another preferred, but non-limiting aspect of the invention, the amino
acid scquence, Nanobody or polypeptide of the invention 1s produced in a mammalian ccll, in
particular in a human cell or in a cell of a human cell 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.

When expression in a host cell 15 used to produce the amino acid sequences,
Nanobodies and the polypeptides of the invention, the amino acid sequences, Nanobodies and
polypeptides of the invention can be produced cither intracellullarly (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. When
cukaryotic host cells are used, extracellular production is usually preferred since this
considerably facilitates the further isolation and downstream processing of the Nanobodies
and proteins obtained. Bacterial cells such as the strains of £. coli mentioned above normally
do not secrete proteins extracellularly, except for a few classes of proteins such as toxins and
hemolysin, and secretory production in E. coli refers to the translocation of proteins across the
inner membrane (o the periplasmic space. Periplasmic production provides several advantages
over cytosolic production. For example, the N-terminal amino acid sequence of the secreted
product can be identical to the natural gene product after cleavage of the secretion signal

sequence by a specific signal peptidase. Also, there appears to be much less protease activity
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in the periplasm than in the cytoplasm. In addition, protein purification is simpler due to

fewer contaminating proteins in the periplasm. Another advantage is that correct disulfide

bonds may form because the periplasm provides a more oxidative environment than the
cytoplasm. Proteins overexpressed in £. coli are often found in insoluble aggregates, so-called
inclusion bodies. These inclusion bodies may be located in the cytosol or in the periplasm; the

recovery of biologically active proteins from these inclusion bodies requires a

denaturation/refolding process. Many recombinant proteins, including therapeulic proteins,

are recovered from inclusion bodies. Alternatively, as will be clear to the skilled person,
recombinant strains of bacteria that have been genetically modified so as to secrete a desired
protein, and in particular an amino acid sequence, Nanobody or a polypeptide of the
invention, can be used.

Thus, according to one non-limiting aspect of the invention, the amino acid sequence,
Nanobody or polypeptide of the invention is an amino acid sequence, Nanobody or
polypeptide 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,
Nanobody or polypeptide of the invention is an amino acid sequence, Nanobody or
polypeptide that has been produced extracellularly, and that has been isolated from the
medium in which the host cell is cultivated.

Some preterred, but non-limiting promoters for use with these host cells include,

- for expression in £. coli: lac promoter (and derivatives thereof such as the lacUV3
promoter); arabinose promoter; left- (PL) and rightward (PR) promoter of phage
lambda; promoter of the trp operon; hybrid lac/trp promoters (tac and trc); T7-promoter
(more specifically that of T7-phage gene 10) and other T-phage promoters; promoter of
the Tn10 tetracycline resistance gene; engineered variants of the above promoters that
include one or more copies of an extraneous regulatory operator sequence;

- for expression in S. cerevisiae: constitutive: ADHI1 (alcohol dehydrogenase 1), ENO
(enolase), CYC1 (cytochrome ¢ iso-1), GAPDH (glyceraldehydes-3-phosphate
dehydrogenase), PGK1 (phosphoglycerate kinase), PYK1 (pyruvate kinase); regulated:
GAL1,10,7 (galactose metabolic enzymes), ADH?2 (alcohol dehydrogenase 2), PHOS
(acid phosphatase), CUP1 (copper metallothionein); heterologous: CaMV (cauliflower
mosaic virus 35S promoter);

- for expression in Pichia pastoris: the AOX1 promoter (alcohol oxidase I);
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for expression in mammalian cells: human cytomegalovirus (hCMV) immediate early
enhancer/promoter; human cytomegalovirus (hCMV) immediate early promoter variant
that contains two tetracycline operator sequences such that the promoter can be
regulated by the Tet repressor; Herpes Simplex Virus thymidine kinase (TK) promoter;
Rous Sarcoma Virus long terminal repeat (RSV LTR) enhancer/promoter; elongation
factor 1o (hEF-10) promoter from human, chimpanzee, mouse or rat; the SV40 early
promoler; HIV-1 long terminal repeat promoter; -aclin promoter;

Some preferred, but non-limiting vectors for use with these host cells include:
vectors for expression in mammalian cells: pMAMneo (Clontech), pcDNA3
(Invitrogen), pMClneo (Stratagene), pSG5 (Stratagene), EBO-pSV2-neo (ATCC
37593), pBPV-1 (8-2) (ATCC 37110), pdBPV-MMTneo (342-12) (ATCC 37224),
pRSVgpt (ATCC37199), pRSVneo (ATCC37198), pSV2-dhtr (ATCC 37146), pUCTag
(ATCC 37460) and 1ZD35 (ATCC 37565), as well as viral-based expression systems,
such as those based on adenovirus;
vectors for expression in bacterial cells: pET vectors (Novagen) and pQE vectors
(Qiagen);
vectors for expression in yeast or other fungal cells: pYES2 (Invitrogen) and Pichia
cxpression vectors (Invitrogen);
vectors for expression in insect cells: pBlueBacll (Invitrogen) and other baculovirus
vectors
vectors for expression in plants or plant cells: for example vectors based on cauliflower
mosaic virus or tobacco mosaic virus, suitable strains of Agrobacterium, or Ti-plasmid
based vectors.

Some preferred, but non-limiting secretory sequences for use with these host cells

include:

for use in bacterial cells such as E. coli: PelB, Bla, OmpA, OmpC, OmpF, OmpT, StlI,
PhoA, PhoE, MalE, Lpp, LamB, and the like; TAT signal peptide, hemolysin C-
terminal secretion signal;

for use in yeast: a-mating factor prepro-sequence, phosphatase (phol), invertase (Suc),
cte.;

for use in mammalian cells: indigenous signal in case the target protein is of eukaryotic
origin; murine Ig k-chain V-J2-C signal peptide; etc.

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 cell/host organism and the genetic
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construct to be used. Reference is again made to the handbooks and patent applications
mentioned above.

After transformation, a step for detecting and selecting those host cells or host
organisms that have been succesfully transformed with the nucleotide sequence/genetic
construct of the invention may be performed. This may for instance be a selection step based
on a selectable marker present in the genetic construct of the invention or a step involving the
detection of the amino acid sequence of the inventlion, e.g. using specilic antibodies.

The transformed host cell (which may be in the form or a stable cell line) or host
organisms (which may be in the form of a stable mutant line or strain) form further aspects of
the present invention.

Preferably, these host cells or host organisms are such that they express, or are (at
least) capable of expressing (e.g. under suitable conditions), an amino acid sequence,
Nanobody or polypeptide of the invention (and in case of a host organism: in at least one cell,
part, tissue or organ thercof). The invention also includes further generations, progeny and/or
offspring of the host ccll or host organism of the invention, that may for instance be obtained
by cell division or by scxual or ascxual reproduction.

To produce/obtain expression of the amino acid sequences of the invention, the
transformed host cell or transformed host organism may generally be kept, maintained and/or
cultured under conditions such that the (desired) amino acid sequence, Nanobody or
polypeptide ot the invention 1s expressed/produced. Suitable conditions will be clear to the
skilled person and will usually depend upon the host cell/host organism used, as well as on
the regulatory elements that control the expression of the (relevant) nucleotide sequence of the
invention. Again, reference is made to the handbooks and patent applications mentioned
above in the paragraphs on the genetic constructs of the invention.

Generally, suitable conditions may include the use of a suitable medium, the presence
of a suitable source of food and/or suitable nutrients, the use of a suitable temperature, and
optionally the presence of a suitable inducing factor or compound (e.g. when the nucleotide
sequences of the invention are under the control of an inducible promoter); all of which may
be selected by the skilled person. Again, under such conditions, the amino acid sequences of
the invention may be expressed in a constitutive manner, in a transient manner, or only when
suitably induced.

It will also be clear to the skilled person that the amino acid sequence, Nanobody or
polypeptide of the invention may (first) be generated in an immature form (as mentioned

above), which may then be subjected to post-translational modification, depending on the host
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cell/host organism used. Also, the amino acid sequence, Nanobody or polypeptide of the
invention may be glycosylated, again depending on the host cell/host organism used.

The amino acid sequence, Nanobody or polypeptide of the invention may then be
isolated from the host cell/host organism and/or from the medium in which said host cell or
host organism was cultivated, using protein isolation and/or purification techniques known
per se, such as (preparative) chromatography and/or electrophoresis techniques, differential
precipitation techniques, allinity techniques (e.g. using a specilfic, cleavable amino acid
sequence fused with the amino acid sequence, Nanobody or polypeptide of the invention)
and/or preparative immunological techniques (i.e. using antibodies against the amino acid
sequence to be isolated).

Generally, for pharmaceutical use, the polypeptides of the invention may be
formulated as a pharmaccutical preparation or compositions comprising at least one
polypeptide of the invention and at least one pharmaceutically acceptable carrier, diluent or
excipient and/or adjuvant, and optionally 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, elc.. Such suitable administration [orms - which may be solid, semi-solid or
liquid, depending on the manner of administration - as well as methods and carriers for use in
the preparation thereof, will be clear to the skilled person, and are further described herein.

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 Nanobody 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.

Generally, the amino acid sequences, Nanobodies and polypeptides of the invention
can be formulated and administered in any suitable manner known per se, for which reference
is for example 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 Company, USA (1990) or Remington, the Science and Practice of Pharmacy, 21th
Edition, Lippincott Williams and Wilkins (2005); or the Handbook of Therapeutic Antibodies
(8. Dubel, Ed.), Wiley, Weinheim, 2007 (see for example pages 252-255).
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For example, the amino acid sequences, Nanobodies and polypeptides of the invention
may be formulated and administered in any manner known per se for conventional antibodies
and antibody 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 for example include preparations suitable for parenteral administration (for
example intravenous, intraperitoneal, subcutaneous, intramuscular, intraluminal, intra-arterial
or intrathecal administration) or for opical (i.¢. transdermal or intradermal) administration.

Preparations for parenteral administration may for example be sterile solutions,
suspensions, dispersions or emulsions that are suitable for infusion or injection. Suitable
carriers or diluents for such preparations for example include, without limitation, sterile water
and aqueous buffers and solutions such as physiological phosphate-buffered saline, Ringer's
solutions, dextrose solution, and Hank's solution; water oils; glycerol; ethanol; glycols such as
propylene glycol or as well as mineral oils, animal oils and vegetable oils, for example peanut
oil, soybecan oil, as well as suitable mixtures thereof, Usually, aqueous solutions or
suspensions will be preferred.

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

Thus, the amino acid sequences, Nanobodies and polypeptides of the invention may be
systemically administered, e.g., orally, in combination with a pharmaceutically acceptable
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 amino acid
sequences, Nanobodies 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, Nanobody 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
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amount of the amino acid sequence, Nanobody or polypeptide of the invention in such
therapeutically useful compositions is such that an effective dosage level will be obtained.

The tablets, troches, pills, capsules, and the like may also contain the following;
binders such as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid and the like; a
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, fructose,
lactose or aspartame or a {lavoring agent such as peppermint, oil of winlergreen, or cherry
flavoring may be added. 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 ¢lixir may contain the amino acid
sequences, Nanobodies 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
pharmaccutically acceptable and substantially non-toxic in the amounts employed. In
addition, the amino acid sequences, Nanobodies and polypeptides of the invention may be
incorporated into sustained-release preparations and devices.

Preparalions and formulations (or 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,

The amino acid sequences, Nanobodies and polypeptides of the invention may also be
administered intravenously or intraperitoneally by infusion or injection. Solutions of the
amino acid sequences, Nanobodies and polypeptides of the invention or their salts can be
prepared in water, optionally mixed with a nontoxic surfactant. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, triacetin, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these preparations contain a preservative to
prevent the growth of microorganisms.

The pharmaceutical dosage forms suitable for injection or infusion can include sterile
aqueous solutions or dispersions or sterile powders comprising the active ingredient which are

adapted for the extemporaneous preparation of sterile injectable or infusible solutions or
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dispersions, optionally encapsulated in liposomes. In all cases, the ultimate dosage form must
be sterile, fluid and stable under the conditions of manufacture and storage. The liquid carrier
or vehicle can be a solvent or liquid dispersion medium comprising, for example, water,
cthanol, a polyol (for example, glycerol, propylene glycol, liquid polyethylene glycols, and
the like), vegetable oils, nontoxic glyceryl esters, and suitable mixtures thereof. The proper
fluidity can be maintained, for example, by the formation of liposomes, by the maintenance of
the required particle size in the case of dispersions or by the use of surfaclants. The
prevention of the action of microorganisms can be brought about by various antibacterial and
antifungal agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and
the like. In many cases, it will be preferable to include isotonic agents, for example, sugars,
buffers or sodium chloride. Prolonged absorption of the injectable compositions can be
brought about by the use in the compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by incorporating the amino acid sequences,
Nanobodies and polypeptides of the invention in the required amount in the appropriate
solvent with various of the other ingredicnts enumecrated above, as required, followed by filter
sterilization. In the case of sterile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum drying and the freeze drying techniques,
which yield a powder of the active ingredient plus any additional desired ingredient present in
the previously sterile-tiltered solutions.

For topical administration, the amino acid sequences, Nanobodies and polypeptides of
the invention may be applied in pure form, i.e., when they are liquids. 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.

Useful solid carriers include finely divided solids such as talc, clay, microcrystalline
cellulose, silica, alumina and the like. Useful liquid carriers include water, hydroxyalkyls or
glycols or water-alcohol/glycol blends, in which the amino acid sequences, Nanobodies and
polypeptides of the invention can be dissolved or dispersed at effective levels, optionally with
the aid of non-toxic surfactants. Adjuvants such as fragrances and additional antimicrobial
agents can be added to optimize the properties for a given use. The resultant liquid
compositions can be applied from absorbent pads, used o impregnate bandages and other
dressings, or sprayed onto the affected area using pump-type or aerosol sprayers.

Thickeners such as synthetic polymers, fatty acids, fatty acid salts and esters, fatty

alcohols, modified celluloses or modified mineral materials can also be employed with liquid
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carriers to form spreadable pastes, gels, ointments, soaps, and the like, for application directly
to the skin of the user.

Examples of useful dermatological compositions which can be used to deliver the
amino acid sequences, Nanobodies and polypeptides of the invention to the skin are known to
the art; for example, see Jacquet et al. (U.S. Pat. No. 4,608,392), Geria (U.S. Pat. No.
4,992,478), Smith et al. (U.S. Pat. No. 4,559,157) and Wortzman (U.S. Pat. No. 4,820,508).

Uselul dosages of the amino acid sequences, Nanobodies and polypeptides of the
invention can be determined by comparing their in vifro activity, and in vivo activity in animal
models. Methods for the extrapolation of effective dosages in mice, and other animals, to
humans are known to the art; for example, see U.S. Pat. No. 4,938,949,

Generally, the concentration of the amino acid sequences, Nanobodies and
polypeptides of the invention in a liquid composition, such as a lotion, will be from about 0.1-
25 wt-%, 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 wt-
%.

The amount of the amino acid sequences, Nanobodics and polypeptides of the
invention required for use in treatment will vary not only with the particular amino acid
sequence, Nanobody or polypeptide selected but also with the route of administration, the
nature ol 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
amino acid sequences, Nanobodies and polypeptides of the invention varies depending on the
target cell, tumor, tissue, graft, or organ.

The desired dose may conveniently be presented in a single dose or as divided doses
administered at appropriate intervals, for example, 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 eye.

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 Toutine experimentation given the teachings herein. See Reminglon’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.
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In another aspect, the invention relates to a method for the prevention and/or treatment
of at least one bone disease or disorder, said method comprising administering, to a subject in
need thereof, a pharmaceutically active amount of an amino acid sequence of the invention, of
a Nanobody of the invention, of a polypeptide of the invention, and/or of a pharmaceutical
composition comprising the same.

In the context of the present invention, the term “prevention and/or treatment” not only
comprises preventling and/or treating the disease, but also 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/or 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 and/or 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.

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.

The invention relates to a method for the prevention and/or treatment of at least one
discase or disorder that is associated with RANK-L, with its biological or pharmacological
activity, and/or with the biological pathways or signalling in which RANK-L is 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 Nanobody of the invention, of a
polypeptide of the invention, and/or of a pharmaceutical composition comprising the same. In
particular, 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 RANK-L, its biological or
pharmacological activity, and/or the biological pathways or signalling in which RANK-L is
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 Nanobody of
the invention, of a polypeptide of the invention, and/or of a pharmaceutical composition
comprising the same. In particular, said pharmaceutically effeclive amount may be an amount
that is sufficient to modulate RANK-L, its biological or pharmacological activity, and/or the
biological pathways or signalling in which RANK-L is involved; and/or an amount that

provides a level of the amino acid sequence of the invention, of a Nanobody of the invention,



10

20

30

WO 2008/142164 PCT/EP2008/056383
184

of a polypeptide of the invention in the circulation that is sufficient to modulate RANK-L, its
biological or pharmacological activity, and/or the biological pathways or signalling in which
RANK-L is involved.

The invention furthermore 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 an amino
acid sequence of the invention, a Nanobody of the invention or a polypeptide of the invention
Lo a patient, said method comprising administering, Lo a subject in need thereol, a
pharmaceutically active amount of an amino acid sequence of the invention, of a Nanobody of
the invention, of a polypeptide of the invention, and/or of a pharmaceutical composition
comprising the same.

More in particular, the invention relates to a method for the prevention and/or
treatment of at least one discase or disorder chosen from the group consisting of the discases
and disorders listed herein, said method comprising administering, to a subject in need
thereof, a pharmaceutically active amount of an amino acid sequence of the invention, of a
Nanobody of the invention, of a polypeptide of the invention, and/or of a pharmaceutical
composition comprising the same,

In another aspect, the invention relates to a method for immunotherapy, and in
particular for passive immunotherapy, which method comprises administering, to a subject
sulTering [rom or at risk of the diseases and disorders mentioned herein, a pharmaceutically
active amount of an amino acid sequence of the invention, of'a Nanobody of the invention, of
a polypeptide of the invention, and/or of a pharmaceutical composition comprising the same.

In the above methods, the amino acid sequences, Nanobodies and/or polypeptides of
the invention and/or the compositions comprising the same can be administered in any
suitable manner, depending on the specific pharmaceutical formulation or composition to be
used. Thus, the amino acid sequences, Nanobodies and/or polypeptides of the invention
and/or the compositions comprising the same can for example be administered orally,
intraperitoneally (e.g. intravenously, 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
suitable route of administration and a suitable pharmaceutical formulation or composition Lo
be used in such administration, depending on the disease or disorder to be prevented or treated

and other factors well known to the clinician.
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The amino acid sequences, Nanobodies 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 1o 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,
Naunobody or polypeptide of the invention o 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.

Generally, the treatment regimen will comprise the administration of one or more
amino acid sequences, Nanobodies and/or polypeptides of the invention, or of one or more
compositions comprising the same, in one or more pharmaccutically effective amounts or
doses. The specific amount(s) or doses to administer can be determined by the clinician, again
based on the factors cited above.

Generally, for the prevention and/or treatment of the discases and disorders mentioned
herein and depending on the specific discase or disorder to be treated, the potency of the
specific amino acid sequence, Nanobody and polypeptide of the invention to be used, the
specific route of administration and the specific pharmaceutical formulation or composition
used, the amino acid sequences, Nanobodies and polypeptides of the invention will generally
be administered in an amount between 1 gram and (.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, for example 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 (o the skilled person.

Usually, in the above method, a single amino acid sequence, Nanobody or polypeptide
of the invention will be used. It is however within the scope of the invention to use two or

more amino acid sequences, Nanobodies and/or polypeptides of the invention in combination.
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The Nanobodies, amino acid sequences and polypeptides of the invention may also be
used in combination with one or more further pharmaceutically active compounds or
principles, i.¢. as a combined treatment regimen, which may or may not lead to a synergistic
effect. Again, the clinician will be able to select such [urther compounds or principles, as well
as a suitable combined treatment regimen, based on the factors cited above and his expert
judgement.

In particular, the amino acid sequences, Nanobodies and polypeplides of the invention
may be used in combination with other pharmaceutically active compounds or principles that
are or can be used for the prevention and/or 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.

In particular, the pharmaceutical composition of the invention may comprise one or
more amino acid sequences, Nanobodies and/or polypeptides of the invention and at least one
additional therapeutic agent selected from a bone morphogenic factor, transforming growth
factor-p (TGF-B), an interlcukin-1 (1L-1) inhibitor, 1L~1ra, Kinerct™, a TNFa inhibitor, a
soluble TNF a receptor, Enbrel™, an anti-TNFa antibody, Remicade™, a D2E7 antibody, a
parathyroid hormone, an analog of a parathyroid hormone, a parathyroid hormone related
protein, an analog ol a parathyroid hormone related protein, a prostaglandin, a
bisphosphonate, an alendronate, fluoride, calcium, a non-steroidal anti-inflammatory drug
(NSAID), a COX-2 inhibitor, Celebrex™, Vioxx™, an immunosuppressant, methotrexate,
leflunomide, a serine protease inhibitor, a secretory leukocyte protease inhibitor (SLPI), an
IL-6 inhibitor, an antibody or Nanobody against 1L-6, an IL-§ inhibitor, an antibody or
Nanobody against IL-8, an IL-18 inhibitor, an IL-18 binding protein, an antibody or
Nanobody against [L-18, an Interleukin-1 converting enzyme (ICE) modulator, a fibroblast
growth factor (FGF), an FGF modulator, a PAF antagonist, a keratinocyte growth factor
(KGF), a KGF -related molecule, a KGF modulator, a matrix metalloproteinase (MMP)
modulator, a nitric oxide synthase (NOS) modulator, a modulator of glucocorticoid receptor, a
modulator of glutamate receptor, a modulator of lipopolysaccharide (LPS) levels, a
noradrenaline, a noradrenaline mimetic, and a noradrenaline modulator as described, for
example, in US 2004/00335353

When two or more substances or principles are to be used as part ol 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.



10

20

30

WO 2008/142164 PCT/EP2008/056383
187

essentially simultaneously, 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
compositions or part of a combined pharmaceutical formulation or composition, as will be
clear to the skilled person.

Also, when two or more active substances or principles are to be used as part of a
combined (realment 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 for example 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 etfect.

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 to achicve the
desired therapeutic effect, to avoid, limit or reduce unwanted side-effects, and/or 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.

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.

In another aspect, the invention relates to the use of an amino acid sequence,
Nanobody or polypeptide of the invention in the preparation of a pharmaceutical composition
for prevention and/or treatment of at least one bone disease or disorder; and/or for use in one
or more of the methods of treatment mentioned herein.

The subject o be treated may be any warm-blooded animal, bul 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.
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The invention also relates to the use of an amino acid sequence, Nanobody or
polypeptide of the invention in the preparation of a pharmaceutical composition for the
prevention and/or treatment of at least one disease or disorder that can be prevented and/or
treated by administering an amino acid sequence, Nanobody or polypeptide of the invention
to a patient.

More in particular, the invention relates to the use of an amino acid sequence,
Nunobody or polypeptide of the invention in the preparation of a pharmaceutical composition
for the prevention and/or treatment of bone diseases and disorders, and in particular for the
prevention and treatment of one or more of the diseases and disorders listed herein.

Again, in such a pharmaceutical composition, the one or more amino acid sequences,
Nanobodies or polypeptides of the invention may also be suitably combined with one or more
other active principles, such as those mentioned herein.

Finally, although the use of the Nanobodies of the invention (as defined herein) and of
the polypeptides of the invention is much preferred, it will be clear that on the basis of the
description herein, the skilled person will also be able to design and/or generate, in an
analogous manner, other amino acid sequences and in particular (single) domain antibodies
against RANK-L, as well as polypeptides comprising such (single) domain antibodies.

For example, it will also be clear to the skilled person that it may be possible to “graft”
one or more ol the CDR’s mentioned above [or the Nanobodies of the invention onto such
(single) domain antibodies or other protein scattolds, including but not limited to human
scaffolds or non-immunoglobulin scaffolds. Suitable scaffolds and techniques for such CDR
grafting will be clear to the skilled person and are well known in the art, see for example US-
A-7,180,370, WO 01/27160, EP 0 605 522, EP 0 460 167, US-A-7,054,297, Nicaise et al.,
Protein Science (2004), 13:1882-1891; Ewert et al., Mcthods, 2004 Oct; 34(2):184-199;
Kettleborough et al., Protein Eng. 1991 Oct; 4(7): 773-783; O’Brien and Jones, Methods Mol.
Biol. 2003: 207: 81-100; Skerra, J. Mol. Recognit, 2000: 13: 167-187, and Saerens et al., J.
Mol. Biol. 2005 Sep 23;352(3):597-607, and the further references cited therein. For example,
techniques known per se for 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
more of the CDR’s of the Nanobodices of the invention and one or more human framework
regions or sequences.

It should also be noted that, when the Nanobodies of the imventions contain one or
more other CDR sequences than the preferred CDR sequences mentioned above, these CDR

sequences can be obtained in any manner known per se, for example from Nanobodies
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(preferred), Vg domains from conventional antibodies (and in particular from human
antibodies), heavy chain antibodies, conventional 4-chain antibodies (such as conventional
human 4-chain antibodies) or other immunoglobulin sequences directed against RANK-L.
Such immunoglobulin sequences directed against RANK-L can be generated in any manner
known per se, as will be clear to the skilled person, i.e. by immunization with RANK-L or by
screening a suitable library of immunoglobulin sequences with RANK-L, or any suitable
combination thereol. Optionally, this may be [ollowed by techniques such as random or site-
directed mutagenesis and/or other techniques for affinity maturation known per se. Suitable
techniques for generating such immunoglobulin sequences will be clear to the skilled person,
and for example include the screening techniques reviewed by Hoogenboom, Nature
Biotechnology, 23, 9, 1105-1116 (2005). Other techniques for generating immunoglobulins
against a specified target include for example the Nanoclone technology (as for example
described in the published US patent application 2006-0211088), so-called SLAM technology
(as for example described in the European patent application 0 542 810), the use of transgenic
mice expressing human immunoglobulins or the well-known hybridoma techniques (see for
cxample Larrick et al, Biotechnology, Vol.7, 1989, p. 934). All thesc techniques can be used
to generate immunoglobulins against RANK-L, and the CDR’s of such immunoglobulins can
be used in the Nanobodies of the invention, i.e. as outlined above. For example, the sequence
ol such a CDR can be determined, synthesized and/or isolated, and inserted into the sequence
of a Nanobody of the invention (e.g. so as to replace the corresponding native CDR), all using
techniques known per se such as those described herein, or Nanobodies of the invention
containing such CDR’s (or nucleic acids encoding the same) can be synthesized de novo,
again using the techniques mentioned herein.

Further uses of the amino acid sequences, Nanobodies, 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 so as to provide a medium
than can be used in a manner known per se to purify RANK-L from compositions and
preparations comprising the same. Derivatives of the amino acid sequences of the invention
that comprise a suitable detectable label can also be used as markers to determine
(qualitatively or quantitatively) the presence of RANK-L in a composition or preparation or
as a marker to selectively detect the presence of RANK-L on the surface of a cell or tissue

(for example, in combination with suitable cell sorting techniques).
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The invention will now be further described by means of the following non-limiting

preferred aspects, examples and figures:

Preferred aspects

10.

. Amino acid sequence that is directed against and/or that can specifically bind to RANK-L.

Amino acid sequence according to aspect 1, which is directed against and/or can

specifically bind to the RANK receptor binding site on RANK-L.

Amino acid sequence according to any of aspects 1 or 2, which is directed against and/or

can specifically bind to the intersubunit receptor-binding grooves on the RANK-L trimer.

Amino acid sequence according to any of aspects 1 to 3, which modulates binding of
RANKL-L to RANK.

Amino acid sequence according to aspect 4, which inhibits and/or prevents binding of

RANKL-L to RANK.

Amino acid sequence according to aspect 5, which inhibits and/or prevents binding of

RANKL-L to RANK, while not reducing and/or inhibiting the RANK-L/OPG interaction.

Amino acid sequence according to any of aspects 1 to 6, which is an antagonist of RANK-
L

Amino acid sequence according aspect 1, which is directed against and/or can specifically

bind to the OPG binding site on RANK-L.

Amino acid sequence according aspects 1 or 8, which modulates binding of RANKL-L to

OPG.

Amino acid sequence according to aspect 9, which inhibits and/or prevents the

RANK/RANK-L intcraction.
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20.

21.

22.

23.
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Amino acid sequence according to aspect 10, which is an antagonist of RANK-L.

Amino acid sequence according to aspect 8, which does not reduce or inhibit the
RANK/RANK-L interaction.

Amino acid sequence according to aspect 12, which is an agonist of RANK-L.

Amino acid sequence according to aspect 1, which prevents and/or inhibits the formation

of the RANK-L trimer.

Amino acid sequence according to aspect 1, which prevents and/or inhibits the

differentiation and/or proliferation of osteoclasts.

Amino acid sequence according to aspect 1, which modulates bone remodelling.

Amino acid sequence according to any of aspects 1 to 16, which does not bind TRAIL.
Amino acid sequence according to any of aspects 1 to 17, which does not bind TNF-alpha.

Amino acid sequence according to any of aspects 1 to 18, which does not bind CD40

ligand.

Amino acid sequence according to any of aspects 1 to 19, which does not bind related

TNF family members.

Amino acid sequence according to any of aspects 1 to 20, that is in essentially isolated

form.

Amino acid sequence according to any of aspects 1 to 21, for administration to a subject,

wherein said amino acid sequence does not naturally occur in said subject.

Amino acid sequence according to any of the preceding aspects, that can specifically bind
to RANK-L with a dissociation constant (Kp) of 107 to 10™* moles/litre or less, and

referably 107 to 1072 moles/litre or less and more preferably 1078 to 10712 moles/litre.
p Y p y
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26.

27.

28.

29.

30.

31.
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Amino acid sequence according to any of the preceding aspects, that can specifically bind
to RANK-L with a rate of association (kos-rate) of between 10°M™s™ to about 10" 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 107 M's.

Amino acid sequence according to any of the preceding aspects, thal can specifically bind
to RANK-L with a rate of dissociation (kg rate) between 1 s and 107 51, preferably
between 107 s™ and 10° s, more preferably between 107 s™ and 10° s, such as between

104 st and 107 s,

Amino acid sequence according to any of the preceding aspects, that can specifically bind
to RANK-L with an affinity less than 500 nM, preferably less than 200 nM, more
preferably less than 10 nM, such as less than 500 pM.

Amino acid sequence according to any of the preceding aspccts, that is a naturally
occurring amino acid sequence (from any suitable species) or a synthetic or semi-synthetic

amino acid sequence.

Amino acid sequence according to any of the preceding aspects, that compriscs an
immunoglobulin fold or that under suitable conditions is capable of forming an

immunoglobulin fold.

Amino acid sequence according to any of the preceding aspects, that essentially consists
of 4 framework regions (FR1 to FR4 respectively) and 3 complementarity determining

regions (CDR1 to CDR3 respectively).

Amino acid sequence according to any of the preceding aspects, that is an

immunoglobulin sequence.

Amino acid sequence according (o any of the preceding aspects, thal is 4 naturally
occurring immunoglobulin sequence (from any suitable species) or a synthetic or semi-

synthetic immunoglobulin sequence.



10

20

30

WO 2008/142164 PCT/EP2008/056383

32.

33.

34.

35.

36.

37.
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Amino acid sequence according to any of the preceding aspects that is a humanized
immunoglobulin sequence, a camelized immunoglobulin sequence or an immunoglobulin

sequence that has been obtained by techniques such as affinity maturation.

Amino acid sequence according to any of the preceding aspects, 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 Vi-sequence).

Amino acid sequence according to any of the preceding aspects, that essentially consists
of a heavy chain variable domain sequence that is derived from a conventional four-chain
antibody or that essentially consist of a heavy chain variable domain sequence that is

derived from heavy chain antibody.

Amino acid sequence according to any of the preceding aspects, that essentially consists
of a domain antibody (or an amino acid sequence that is suitable for use as a domain
antibody), of a single domain antibody (or an amino acid sequence that is suitable for use
as a single domain antibody), of a "dAb" (or an amino acid sequence that is suitable for

use as a dAb) or of a Nanobody (including but not limited to a Vg sequence).

Amino acid sequence according to any of the preceding aspects, that essentially consists

of a Nanobody.

Amino acid sequence according to any of the preceding aspects, that essentially consists
of a Nanobody that
i) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 1 to 22, 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:
ii} preferably one or more of the amino acid residues at positions 11, 37, 44, 45, 47,
83, 84, 103, 104 and 108 according (o the Kabal numbering are chosen [rom the

Hallmark residues mentioned in Table A-3.
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38. Amino acid sequence according to any of the preceding aspects, that essentially consists
of a Nanobody that
i) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 560-621, 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;
ii} preferably 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

10 Hallmark residues mentioned in Table A-3.

39. Amino acid sequence according to any of the preceding aspects, that essentially consists
of a polypeptide that

1) has at least 80% amino acid identity with at least onc of the amino acid sequences
of SEQ ID NO’s; 622-729, 759-762 and 766-773, 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:

ii} prelerably one or more of the amino acid residues at positions 11, 37, 44, 45, 47,

20 83, 84, 103, 104 and 108 according to the Kabat numbering are chosen from the

Hallmark residues mentioned in Table A-3.

40. Amino acid sequence according to any of the preceding aspects, that essentially consists

of a humanized Nanobody.

41. Amino acid sequence according to any of the preceding aspects, that in addition to the at
least one binding site for binding against RANK-L, contains one or more further binding

sites for binding against other antigens, proteins or targets.

30  42. Amino acid sequence directed against RANK-L, that comprises one or more stretches of
amino acid residues chosen from the group consisting of:
a) the amino acid sequences of SEQ 1D NO’s; 188-249;
b) amino acid sequences that have at least 80% amino acid identity with at least one of

the amino acid sequences of SEQ ID NO’s: 188-249;
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amino acid sequences that have 3, 2, or | amino acid difference with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

amino acid sequences that have 3, 2, or | amino acid difference with at least one of the
amino acid sequences of SEQ ID NO’s: 312-373 and 758;

the amino acid sequences of SEQ ID NO’s: 436-497;

amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 436-497;

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: 436-497;

or any suitable combination thereof.

Amino acid sequence according to aspect 42, in which at least one of said stretches of

amino acid residues forms part of the antigen binding site for binding against RANK-L.

Amino acid sequence according to aspect 42, that comprises two or more stretches of

amino acid residues chosen (rom the group consisting of:

a)
b)

c)

d)

g)
h)

the amino acid sequences of SEQ ID NO’s: 188-249;

amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 188-249;

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: 188-249;

the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

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: 312-373 and 758;

the amino acid sequences of SEQ ID NO’s: 436-497;

amino acid sequences thal have al least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 436-497;

amino acid sequences that have 3, 2, or | amino acid difference with at least one of the
amino acid sequences of SEQ 1D NO’s: 439-497;
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such that (i) when the first stretch of amino acid residues corresponds 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) or i); (ii)
when the {irst 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), h) or 1); or (iii) when the
first stretch of amino acid residues corresponds (o 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).

Amino acid sequence according to aspect 44, in which the at least two stretches of amino

acid residues forms part of the antigen binding site for binding against RANK-L.

Amino acid sequence according to any of aspects 42 to 44, that comprises three or more

stretches of amino acid residues, in which the first stretch of amino acid residues is chosen

from the group consisting of;

a) the amino acid sequences of SEQ ID NO’s: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s; 188-249;

¢} amino acid sequences that have 3, 2, or 1 amino acid ditterence with at least one of the
amino acid sequences of SEQ ID NO’s: 188-249;

the second stretch of amino acid residues is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s; 312-373 and 738;

¢) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

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: 312-373 and 758;

and the third stretch of amino acid residues is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497;

h) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 436-497;

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: 436-497.
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Amino acid sequence according to aspect 46, in which the at least three stretches of amino

acid residues forms part of the antigen binding site for binding against RANK-L.

Amino acid sequence according to any of aspects 42 to 47, in which the CDR 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 95% amino
acid identily 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: 560-621.

Amino acid sequence directed against RANK-L that cross-blocks the binding of at least

one of the amino acid sequences according to any of aspects 42 to 48 to RANK-L.

. Amino acid sequence directed against RANK-L that is cross-blocked from binding to

RANK-L by at least one of the amino acid sequences according to any of aspects 42 to 48,

Amino acid sequence according to any of aspects 49 or 50 wherein the ability of said

amino acid sequence to cross-block or to be cross-blocked is detected in a Biacore assay.

Amino acid sequence according to any of aspecls 49 or 50 wherein the ability ol said

amino acid sequence to cross-block or to be cross-blocked is detected in an ELISA assay.

Amino acid sequence according to any of aspects 42 to 52, that is in essentially isolated

form.

Amino acid sequence according to any of aspects 42 to 53, for administration to a subject,

wherein said amino acid sequence does not naturally occur in said subject.

Amino acid sequence according to any of aspects 42 to 54, that can specifically bind to
RANK-L with a dissociation constant (Kp) of 10 to 102 moles/litre or less, and

referably 107 to 107 moles/litre or less and more preferably 107 to 1072 moles/litre.
p y

Amino acid sequence according to any of aspects 42 1055, that can specifically bind to

RANK-L with a rate of association (kos-rate) of between 10° M's™ to about 10 M's™
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preferably between 10° M's™ and 107 M™'s™, more preferably between 10* M™'s™* and 10’
M'ls'l, such as between 10° M™'s! and 10’ M's™.

Amino acid sequence according to any of aspects 42 to 56, that can specifically bind to
RANK-L with a rate of dissociation (kg rate) between 1 s™ and 10° s preferably
between 107 s™ and 10 s, more preferably between 107 s™ and 10 s, such as between

104 st and 107 ¢

Amino acid sequence according to any of aspects 42 to 57, that can specifically bind to
RANK-L with an affinity less than 500 nM, preferably less than 200 nM, more preferably
less than 10 nM, such as less than 500 pM.

. Amino acid sequence according to any of aspects 42 to 58, that is a naturally occurring

amino acid sequence (from any suitable specics) or a synthetic or semi-synthetic amino

acid sequence,

Amino acid sequence according to any of aspects 42 to 59, that comprises an
immunoglobulin fold or that under suitable conditions is capable of forming an

immunoglobulin (old.

Amino acid sequence according to any of aspects 42 to 60, that is an immunoglobulin

sequence.

Amino acid sequence according to any of aspects 42 to 61 that is a naturally occurring
immunoglobulin sequence (from any suitable species) or a synthetic or semi-synthetic

immunoglobulin sequence.

Amino acid sequence according to any of aspects 42 to 62, that is a humanized
immunoglobulin sequence, a camelized immunoglobulin sequence or an immunoglobulin

sequence that has been obtained by techniques such as affinity maturation.

Amino acid sequence according to any of aspects 42 to 63, that essentially consists of a
light chain variable domain sequence (e.g. a VL-sequence); or of a heavy chain variable

domain sequence (e.g. a Vg-sequence).
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Amino acid sequence according to any of aspects 42 to 64, that essentially consists of a
heavy chain variable domain sequence that is derived from a conventional four-chain
antibody or that essentially consist of a heavy chain variable domain sequence that is

derived from heavy chain antibody.

Amino acid sequence according Lo any of aspects 42 (0 65, that essentially consists of a
domain antibody (or an amino acid sequence that is suitable for use as a domain
antibody), of a single domain antibody (or an amino acid sequence that is suitable for use
as a single domain antibody), of a "dAb" (or an amino acid sequence that is suitable for

use as a dAb) or of a Nanobody (including but not limited to a Vyy sequence).

Amino acid sequence according to any of aspects 42 to 66, that essentially consists of a

Nanobody.

Amino acid sequence according to any of aspects 42 to 67, that cssentially consists of a
Nanobody that
i) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 1 to 22, in which (or the purposes of determining the degree ol
amino acid identity, the amino acid residues that form the CDR sequences are
disregarded;
and in which:
ii} preferably 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

Hallmark residues mentioned in Table A-3.

Amino acid sequence according to any of aspects 41 to 63, that essentially consists of a
Nanobody that
i} has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 560-621, in which for the purposes of determining the degree of
amino acid idenlity, the amino acid residues that form the CDR sequences are
disregarded;

and in which:
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i) preferably 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

Hallmark residues mentioned in Table A-3.

Amino acid sequence according to any of aspects 42 10 69, that essentially consists of a

humanized Nanobody.

Amino acid sequence according to any of the preceding aspects, that in addition to the at
least one binding site for binding formed by the CDR sequences, contains one or maore

further binding sites for binding against other antigens, proteins or targets.

Amino acid sequence that essentially consists of 4 framework regions (FR1 to FR4,

respectively) and 3 complementarity determining regions (CDR 1 to CDR3, respectively),

in which:

- CDRI is chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s; 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 188-249;

¢) 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: 188-249;

and/or

- CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

¢) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

£} 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: 312-373 and 758;

and/or

- CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497;

h) amino acid sequences that have at Ieast 80% amino acid identity with at least one of
the amino acid sequences of SEQ 1D NO’s: 436-497;

1) 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: 436-497.
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73. Amino acid sequence that essentially consists of 4 framework regions (FR1 to FR4,
respectively) and 3 complementarity determining regions (CDR1 to CDR3, respectively),
in which:

- DRI is chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid scquences of SEQ ID NO’s: 188-249;

¢) amino acid sequences that have 3, 2, or 1 amino acid difference with at least onc of the
amino acid sequences of SEQ ID NO’s: 188-249;

and

- CDR2 is chosen from the group consisting of:

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

¢) amino acid sequences that have at lcast 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

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: 312-373 and 758;

and

- CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497;

h) amino acid sequences that have at least 80% amino acid identity with at least one of
the amino acid sequences of SEQ ID NO’s: 436-497;

1) 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: 436-497.

74. Amino acid sequence according to any of aspects 72 to 73, in which the CDR 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 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: 560-621.

75. Amino acid sequence directed against RANK-L that cross-blocks the binding of at least

onc of the amino acid sequences according to any of aspects 72 to 74 to RANK-L.
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Amino acid sequence directed against RANK-L that is cross-blocked from binding to
RANK-L by at least one of the amino acid sequences according to any of aspects 72 to 74.

Amino acid sequence according to any of aspects 75 or 76 wherein the ability of said

amino acid sequence to cross-block or to be cross-blocked is detected in a Biacore assay.

Amino acid sequence according to any of aspects 75 or 76 wherein the ability of said

amino acid sequence to cross-block or to be cross-blocked is detected in an ELISA assay.

Amino acid sequence according to any of aspects 72 to 78, that is in essentially isolated

form.

Amino acid sequence according to any of aspects 72 to 79, for administration to a subject,

wherein said amino acid sequence does not naturally occur in said subject.

Amino acid sequence according to any of aspects 72 to 80, that can specifically bind to
RANK-L with a dissociation constant (Kp) of 107 to 10™"* moles/litre or less, and

referably 107 to 1072 moles/litre or less and more preferably 10°% to 10712 moles/litre.
p y

Amino acid sequence according to any of aspects 72 to 81, that can specifically bind to
RANK-L with a rate of association (k,,-rate) of between 10* M s to about 10" M1,
preferably between 10° M's™ and 10’ M's™, more preferably between 10*M™'s" and 107

M'ls'l, such as between 10° M™'s ! and 10’ M's™.

Amino acid sequence according to any of aspects 72 to 82, that can specifically bind to
RANK-L with a rate of dissociation (ko rate) between 1 s™ and 10° 5™ preferably
between 10 s and 10° 5!, more preferably between 10 s™' and 10 s, such as between

104 st and 10° g1,

Amino acid sequence according to any of aspects 72 to 83, that can specifically bind to
RANK-L with an affinity less than 500 nM, prelerably less than 200 nM, more preferably
less than 10 nM, such as less than 500 pM.
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Amino acid sequence according to any of aspects 72 to 84, that is a naturally occurring
amino acid sequence (from any suitable species) or a synthetic or semi-synthetic amino

acid sequence.

Amino acid sequence according to any of aspects 72 to 85, that comprises an
immunoglobulin fold or that under suitable conditions is capable of forming an

immunoglobulin old.

Amino acid sequence according to any of aspects 72 to 86, that is an immunoglobulin

sequence.

Amino acid sequence according to any of aspects 72 to 87, that is a naturally occurring
immunoglobulin sequence (from any suitable species) or a synthetic or semi-synthetic

immunoglobulin sequence.

Amino acid sequence according to any of aspects 72 to 88, that 1s a humanized
immunoglobulin sequence, a camelized immunoglobulin sequence or an immuno globulin

sequence that has been obtained by techniques such as affinity maturation.

Amino acid sequence according to any of aspects 73 to 89, that essentially consists of a
light chain variable domain sequence (e.g. a Vy-sequence); or of a heavy chain variable

domain sequence (e.g. a V y-sequence).

Amino acid sequence according to any of aspects 72 to 90, that essentially consists of a
heavy chain variable domain sequence that is derived from a conventional four-chain
antibody or that essentially consist of a heavy chain variable domain sequence that is

derived from heavy chain antibody.

Amino acid sequence according to any of aspects 72 to 91, that essentially consists of a
domain antibody (or an amino acid sequence that is suitable for usc as a domain
antibody), of a single domain antibody (or an amino acid sequence thal is suilable [or use
as a single domain antibody), of a "dAb" (or an amino acid sequence that is suitable for

use as a dAb) or of a Nanobody (including but not limited to a Van sequence).
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Amino acid sequence according to any of aspects 72 to 92, that essentially consists of a

Nanobody.

Amino acid sequence according to any of aspects 72 to 93, that essentially consists of a
Nanobody that
i} has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 1 to 22, 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:
ii} preferably 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

Hallmark residues mentioned in Table A-3.

Amino acid sequence according to any of aspects 72 to 94, that essentially consists of a
Nanobody that
1) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 560-621, in which for the purposes of determining the degree of
amino acid identity, the amino acid residues that form the CDR sequences are

disrcgarded:

and in which:
ii} preferably 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

Hallmark residues mentioned in Table A-3.

Amino acid sequence according to any of aspects 72 to 95, that essentially consists of a

humanized Nanobody.

Amino acid sequence according to any of the preceding aspects, that in addition to the at
least one binding site for binding formed by the CDR sequences, contains one or more

further binding siles (or binding against other anligens, proteins or largets.

98. Nanohody that is directed against and/or that can specifically bind to RANK-I..
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99. Nanobody according to aspect 98, which is directed against and/or can specifically bind to

the RANK receptor binding site on RANK-L.

100. Nanobody according to any of aspects 98 or 99, which is directed against and/or can

specifically bind to the intersubunit receptor-binding grooves on the RANK-L trimer.

101.  Nunobody according (o any of aspects 98 Lo 100, which modulates binding of
RANKL-L to RANK.

102.  Nanobody according to aspect 101, which inhibits and/or prevents binding of
RANKL-L to RANK.

103.  Nanobody according to aspect 102, which inhibits and/or prevents binding of
RANKL-L to RANK, while not reducing and/or inhibiting the RANK-L/OPG
interaction.

104.  Nanobody according to any of aspects 98 to 103, which is an antagonist of RANK-L.

105.  Nanobody according aspect 98, which is directed agains{ and/or can specifically bind

to the OPG binding site on RANK-L.

106. Nanobody according aspects 98 or 105, which modulates binding of RANKL-L to
OPG.

107.  Nanobody according to aspect 106, which inhibits the RANK/RANK-L interaction.

108.  Nanobody according to aspect 107, which is an antagonist of RANK-L.

109. Nanobody according to aspect 106, which does not reduce or inhibit the
RANK/RANK-L interaction.

110. Nanobody according to aspect 109, which is an agonist of RANK-L.
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Nanobody according to aspect 98, which prevents and/or inhibits the formation of the
RANK-L trimer.

Nanobody according to aspect 98, which prevents and/or inhibits the differentiation

and/or proliferation of osteoclasts.

Nunobody according (o aspect 98, which modulates bone remodelling,

Nanobody according to any of aspects 98 to 113, which does not bind TRATL.
Nanobody according to any of aspects 98 to 114, which does not bind TNF-alpha.
Nanobody according to any of aspects 98 to 115, which does not bind CD40 ligand.

Nanobody according to any of aspects 98 to 116, which docs not bind related TNF

family members.
Nanobody according to any of aspects 98 to 117, that is in essentially isolated form.

Nanobody according to any of aspects 98 to 118, that can specifically bind to RANK-
L with a dissociation constant (Kp,) of 10~ to 107> moles/litre or less, and preferably

107 to 10™* moles/litre or less and more preferably 10® to 10™* moles/litre.

Nanobody according to any of aspects 98 to 119, that can specifically bind to RANK-
L with a rate of association (k,-rate) of between 10 M's™ to about 10 Mls'l,
preferably between 10°M's" and 10" M™'s™, more preferably between 10'M's" and
10’ M's™, such as between 10° M's! and 10’ M-t

Nanobody according to any of aspects 98 to 120, that can specifically bind to RANK-
L with a rate of dissociation (kof rate) between 1 s'and 107§ preferably between 107
? " and 10°% 57, more preferably between 107 " and 107° 57, such as beiween 107 s

and 10 7,
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Nanobody according to any of aspects 98 to 121, that can specifically bind to RANK-
L with an affinity less than 500 nM, preferably less than 200 nM, more preferably less
than 10 nM, such as less than 500 pM.

Nanobody according to any of aspects 98 to 122, that is a naturally occurring

Nanobody (from any suitable species) or a synthetic or semi-synthetic Nanobody.

Nanobody according to any of aspects 98 to 123 that is a Vyy sequence, a partially
humanized Vun sequence, a fully humanized Vyuy sequence, a camelized heavy chain
variable domain or a Nanobody that has been obtained by techniques such as affinity

maturation.

Nanobody according to any of aspects 98 to 124, that

1) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 1 to 22, in which for the purposes of determining the degree of
amino acid identity, the amino acid residucs that form the CDR sequences are
disregarded;

and in which:

ii} prelerably 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

Hallmark residues mentioned in Table A-3.

Nanobody according to any of aspects 98 to 125, that

1) has at least 80% amino acid identity with at least one of the amino acid sequences
of SEQ ID NO’s: 560-621, 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;

ii) preferably 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

Hallmark residues mentioned in Table A-3.

Nanobody according to any of aspects 98 to 126, in which:

- CDR1 is chosen from the group consisting of:
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a) the amino acid sequences of SEQ ID NO’s: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one
of the amino acid sequences of SEQ ID NO’s: 188-249;

c) amino acid sequences that have 3, 2, or 1 amino acid dilference with at least one of
the amino acid sequences of SEQ ID NO’s: 188-249;

and/or

- CDR2 is chosen [rom the group consisling of:

d) the amino acid sequences of SEQ ID NO’s: 312-373 and 758,

e) amino acid sequences that have at least 80% amino acid identity with at least one
of the amino acid sequences of SEQ ID NO’s: 312-373 and 758;

f) amino acid sequences that have 3, 2, or 1 amino acid difference with at least one of
the amino acid sequences of SEQ 1D NO’s: 312-373 and 758;

and/or

- CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497;

h) amino acid sequences that have at [cast 80% amino acid identity with at Icast onc
of the amino acid sequences of SEQ ID NO’s: 436-497;

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: 436-497.

128. Nanobody according to any of aspects 98 to 129, in which:

CDRI1 is chosen from the group consisting of:

a) the amino acid sequences of SEQ ID NO’s: 188-249;

b) amino acid sequences that have at least 80% amino acid identity with at least one
of the amino acid sequences of SEQ ID NO’s: 188-249;

¢) 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: 188-249;

and

d)
¢)

CDR2 is chosen from the group consisting of:
the amino acid sequences of SEQ ID NO’s: 312-373 and 758;
amino acid sequences that have at least 80% amino acid identity with at least one
of'the amino acid sequences of SEQ ID NO’s: 312-373 and 758;
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: 312-373 and 758;
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and

- CDR3 is chosen from the group consisting of:

g) the amino acid sequences of SEQ ID NO’s: 436-497;

h)  amino acid sequences that have at least 80% amino acid identity with at least one
of the amino acid sequences of SEQ ID NO’s: 436-497;

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: 439-497.

Nanobody according to any of aspects 98 to 128, in which the CDR sequences have at
least 70% amino acid identity, preferably at least 80% amino acid identity, more
preferably at least 90% 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: 560-621.

Nanobody according to any of aspects 98 to 129, which is a partially humanized
Nanobody.

Nanobody according to any of aspects 98 to 130, which is a fully humanized Nanobody.

Nanobody according to any of aspects 98 to 131, that is chosen from the group
consisting of SEQ [D NO’s: 560-621 or from the group consisting of from amino acid
sequences that have more than 80%, preferably more than 90%, more preferably more
than 95%, such as 99% or more sequence identity (as defined herein) with at least one of

the amino acid sequences of SEQ ID NO’s: 560-621.

Nanobody according to any of aspects 98 to 131, which is a humanized Nanobody that
is chosen from the group consisting of SEQ ID NO’s: 730-757 and 765 or from the
group consisting of from amino acid scquencces that have morc than 80%, preferably
more than 90%, more preferably more than 95%, such as 99% or more sequence identity
(as defined herein) with at least one of the amino acid sequences of SEQ 1D NO’s: 730-
757 and 765.
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Nanobody according to any of aspects 98 to 133, that is chosen from the group
consisting of SEQ ID NO’s: 560-621 or from the group consisting of SEQ ID NO’s:
730-757 and 765.

Nanobody directed against RANK-L that cross-blocks the binding of at least one of the
amino acid sequences according to any of aspects 42 to 48 or 72 to 74 or Nanobodies

according Lo any of aspects 127 1o 134 1o RANK-L.

Nanobady directed against RANK-L that is cross-blocked from binding to RANK-L by
at least one of the amino acid sequences according to any of aspects 42 to 48 or 72 to 74

or Nanobodies according to any of aspects 127 to 143.

Nanobody according to any of aspects 135 or 136 wherein the ability of said Nanobody

to cross-block or to be cross-blocked is detected in a Biacore assay.

Nanobody according to any of aspects 135 or 136 wherein the ability of said Nanobody

to cross-block or to be cross-blocked is detected in an ELISA assay.

Polypeptide that comprises or essentially consists ol one or more amino acid sequences
according to any of aspects 1 to 97 and/or one or more Nanobodics according to any of
aspects 98 to 138§, and optionally further comprises one or more other amino acid

binding units, optionally linked via one or more peptidic linkers.

Polypeptide according to aspect 139, in which said one or more binding units are

immunoglobulin sequences.

Polypeptide according to any of aspects 139 or 140, in which said one or more other
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 dcid sequences thal are suitable (or use as a dAb, or Nanobodies.

2. Polypeptide according to any of aspects139 to 141, in which said one or more amino

acid sequences of the invention are immunoglobulin sequences.
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Polypeptide according to any of aspects 139 to 142, in which said one or more amino
acid sequences of the invention are chosen from the group consisting of domain
antibodies, amino acid sequences that are suitable {or 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

Nunobodies.

Polypeptide according to any of aspects 139 to 143, that comprises or essentially
consists of one or more Nanobodies according to any of aspects 98 to 138 and in which

said one or more other binding units are Nanobodies.

Polypeptide according to any of aspects 139 to 144, which is a multivalent construct.

Polypeptide according to any of aspects 139 to 145, which is a multiparatopic construct.

Polypeptide according to any of aspects 139 to 146, which is a multispecific construct.

Polypeptide according to any ol aspects 139 to 147, which has an increased hal[-lile,
compared to the corresponding amino acid sequence according to any of aspects 1 to 97

per se or Nanobody according to any of aspects 98 to 138 per se, respectively.

Polypeptide according to aspect 148, in which said one or more other binding units
provide the polypeptide with increased half-life, compared to the corresponding amino
acid sequence according to any of aspects 1 to 97 per se or Nanobody according to any

of aspects98 to 138 per se, respectively,

Polypeptide according to aspect 149, in which said one or more other binding units that
provide the polypeptide with increased half-life is chosen from the group consisting of
serum proteins or fragments thereof, binding units that can bind to serum proteins, an Fc

portion, and small proteins or peptides that can bind Lo serum proteins.
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Polypeptide according to aspect 149, in which said one or more other binding units that
provide the polypeptide with increased half-life is chosen from the group consisting of

human serum albumin or fragments thereof.

Polypeptide according to aspect 149, in which said one or more other binding units that
provides the polypeptide with increased half-life are chosen from the group consisting
of binding units that can bind (o serum albumin (such as human serum albuniin) or a

serum immunoglobulin (such as IgG).

Polypeptide according to aspect 149, in which said one or more other binding units that
provides the polypeptide with increased half-life 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 arc suitable for usc as a
dAb, or Nanobodies that can bind to scrum albumin (such as human serum albumin) or

a scrum immunoglobulin (such as 1gG).

Polypeptide according to aspect 149, in which said one or more other binding units that
provides the polypeptide with increased half-life is a Nanobody that can bind to serum

albumin (such as human serum albumin) or a serum immunoglobulin (such as IgG).

Polypeptide according to any of aspects 148 to 154, that has a serum half-life that is at
least 1.5 times, preferably at least 2 times, such as at least 5 times, for example at least
10 times or more than 20 times, greater than the half-life of the corresponding amino

acid sequence according to any of aspects 1 to 97 per se or Nanobody according to any

of aspects 98 to 138 per se, respectively.

Polypeptide according to any of aspects 148 to 155, that has a serum 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 Lo the corresponding amino acid sequence according to any of aspects 1 to 97

per se or Nanobody according to any of aspects 98 to 138 per se, respectively.
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157.

158.

159.

160.

161.

162.

163.
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Polypeptide according to any of aspects 148 to 156, that has 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, 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 at least about 12 days (such as about 12

Lo 18 days or more), or more than 14 days (such as about 14 0 19 days).

Compound or construct, that comprises or essentially consists of one or more amino
acid sequences according to any of aspects 1 t097 and/or one or more Nanobodies
according to any of aspects 98 to 138, and optionally further comprises one or more
other groups, residues, moicties or binding units, optionally linked via one or more

linkers.

Compound or construct according to aspect 158, in which said one or more other

groups, residues, moieties or binding units are amino acid sequences.

Compound or construct according to any of aspects 158 to 159, in which said one or

more linkers, if present, are one or more amino acid sequences.

Compound or construct according to any of aspects 158 to 160, in which said one or

more other groups, residues, moieties or binding units are immunoglobulin sequences.

Compound or construct according to any of aspects 158 to 161, in which said one or
more other groups, residues, moietics or binding units arc 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 Nanobodics.

Compound or construct according to any of aspect 158 to 162, in which said one or

more amino acid sequences of the invention are immunoglobulin sequences.
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164.

165.

166.

167.

168.

169.

170.

171.
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Compound or construct according to any of aspects 158 to 163, in which said one or
more amino acid sequences of the invention 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

Nanobodies.

Compound or construct, that comprises or ¢ssentially consists of one or more
Nanobodics according to any of aspects 98 to 138 and in which said onc or more other

groups, residues, moieties or binding units are Nanobodies.

Compound or construct according 1o any ol aspects 158 to 165, which is a multivalent

construct.

Compound or construct according to any of aspects 158 to 166, which is a

multiparatopic construct.

Compound or construct according to any of aspects 158 to 167, which is a multispecific

construct.

Compound or construct according to any of aspects 158 to 168, which has an increased
half-life, compared to the corresponding amino acid sequence according to any of
aspects 1 to 97 per se or Nanobody according to any of aspects 98 to 138 per se,

respectively.

Compound or construct according to aspect 169, in which said one or more other
groups, residues, moieties or binding units provide the compound or construct with
incrcascd half-lifc, comparced to the corrcsponding amino acid scquence according to
any of aspects 1 o 97 per se or Nunobody according (o any of aspects 98 (o 138 per se,

respectively

Compound or construct according to aspect 170, in which said one or more other
groups, residues, moieties or binding units that provide the compound or construct with

increased half-life is chosen from the group consisting of serum proteins or fragments
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172.

173.

174.

175.

176.
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thereof, binding units that can bind to serum proteins, an Fc portion, and small proteins

or peptides that can bind to serum proteins.

Compound or construct according 1o aspect 170, in which said one or more other
groups, residues, moieties or binding units that provide the compound or construct with
increased half-life is chosen from the group consisting of human serum albumin or

fragments thereof.

Compound or construct according to aspect 170, in which said one or more other
groups, residues, moieties or binding units that provides the compound or construct with
increased half-life are chosen from the group consisting of binding units that can bind to
serum albumin (such as human serum albumin) or a serum immunoglobulin (such as

12G).

Compound or construct according to aspect 170, in which said one or more other
groups, residues, moieties or binding units that provides the compound or construct with
increased half-life 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 Nanobodies that can bind to

serum albumin (such as human serum albumin) or a serum immunoglobulin (such as

12G).

Compound or construct according to aspect 170, in which said one or more other
groups, restdues, moieties or binding units that provides the compound or construct with
increased half-life is a Nanobody that can bind to serum albumin (such as human serum

albumin) or a serum immunoglobulin (such as 1gG).

Compound or construct according Lo any ol aspects 169 o 175, that has a serum hall-
life that 1s at least 1.5 times, preferably at least 2 times, such as at least 5 times, for
example at least 10 times or more than 20 times, greater than the half-life of the
corresponding amino acid sequence according to any of aspects 1 to 97 per se or

Nanobody according to any of aspects 98 to 138 per se, respectively.
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178.

179.

180.

181.

182.
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Compound or construct according to any of aspects 169 to 176, that has a serum 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 according to any of
aspects 1 to 978 per se or Nanobody according to any of aspects 98 to 138 per se,

respectively.

Compound or construct according to any of aspects 169 to 177, that has a serum half-
life in human of at lcast about 12 hours, preferably at Icast 24 hours, morc preferably at
least 48 hours, even more preferably at least 72 hours or more; for example, 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 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).

Monovalent construct, comprising or essentially consisting of one amino acid sequence
according to any of aspects 1 to 97 and/or one Nanobody according to any of aspects 98
to 138.

Monovalent construct according to aspect 179, in which said amino acid sequence of the
invention is 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 (or use as a dAb, or Nanobodies,

Monovalent construct, comprising or essentially consisting of one Nanobody according

to any of aspects 98 to 138.

Nucleic acid or nucleotide sequence, that encodes an amino acid sequence according to
any of aspects 1 to 97, a Nanobody according to any ol aspects 98 to 138, a polypeptide
according to any of aspects 139 1o 157, a compound or construct according to any of

aspects 158 to 178, or a monovalent construct according to any of aspects 179 to 181.
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184.

185.

186.

187.

188.
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Nucleic acid or nucleotide sequence according to aspect 182, that is in the form of a

genetic construct.

Host or host cell that expresses, or that under suitable circumstances is capable of
expressing, an amino acid sequence according to any of aspects 1 to 97, a Nanobody
according to any of aspects 98 to 138, a polypeptide according to any of aspects 139 to
157, a compound or construct according to any of aspects 158 to 178, or a monovalent
construct according to any of aspects 179 to 181; and/or that compriscs a nucleic acid or
nucleotide sequence according to aspect 182, or a genetic construct according to aspect
183.

Composition, comprising at least one amino acid sequence according to any of aspects 1
to 97, Nanobody according to any of aspects 98 to 138, polypeptide according to any of
aspects 139 to 157, compound or construct according to any of aspects 158 to 178,
monovalent construct according to any of aspects 179 to 181, or nucleic acid or

nucleotide sequence according to aspects 182 to 183.

Composition according to aspect 185, which is a pharmaceutical composition.

Composition according to aspect 186, which is a pharmaceutical composition, that
further comprises at least one pharmaceutically acceptable carrier, diluent or excipient
and/or adjuvant, and that optionally comprises one or more further pharmaceutically

active polypeptides and/or compounds.

Method for producing an amino acid sequence according to any of aspects 1 to 97, a
Nanobody according to any of aspects 98 to 138, a polypeptide according to any of
aspects 139 to 157, a compound or construct according to any of aspects 158 to 178, a
pharmaceutical composition according to any of aspects 186 or 187, or a monovalent
construct according to any of aspects 179 to 181, that is such that it can be obtained by
expression of a nucleic acid or nucleotide sequence encoding the sanme, said method at
lcast comprising the steps of:
- expressing, in a suitable host cell or host organism or in another suitable
expression system, a nucleic acid or nucleotide sequence according to aspect

182, or a genetic construct according to aspect 183,
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optionally followed by:

isolating and/or purifying the amino acid sequence according to any of aspects
1 to 97, the Nanobody according to any of aspects 98 to 138, the polypeptide
according to any of aspects 139 to 157, the compound or construct according
to any of aspects 158 to 178, that 1s such that it can be obtained by expression
of a nucleic acid or nucleotide sequence encoding the same, or the monovalent

construct according to any of aspects 179 to 181, thus obtained.

189. Method for producing an amino acid sequence according to any of aspectsl to 97, a

Nanobody according to any of aspects 98 to 13§, a polypeptide according to any of

aspects 139 to 157, a compound or construct according to any of aspects 158 to 178, a

pharmaceutical composition according to any of aspects 186 or 187, or a monovalent

construct according to any of aspects 179 to 181, that is such that it can be obtained by

expression of a nucleic acid or nucleotide sequence encoding the same, said method at

least comprising the steps of:

cultivating and/or maintaining a host or host cell according to aspect 184 under
conditions that are such that said host or host cell expresses and/or produces at
least one amino acid sequence according to any of aspects 1 to 97, Nanobody
according to any of aspects 98 to 138, polypeptide according to any of aspects
139 to 157, compound or construct according to any of aspects 158 to 178, that
is such that it can be obtained by expression of a nucleic acid or nucleotide
sequence encoding the same, or a monovalent construct according to any of
aspects 179 to 181,

optionally followed by:

isolating and/or purifying the amino acid sequence according to any of aspects
1 to 97, the Nanobody according to any of aspects 98 to 138, the polypeptide
according to any of aspects 139 to 157, the compound or construct according
to any of aspects 158 to 178, that is such that it can be obtained by expression
of a nucleic acid or nucleotide sequence encoding the same, or the monovalent

construct according to any of aspects 179 to 181 thus obtained.

190. Method for screening amino acid sequences directed against RANK-L that comprises at

least the steps of:
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192.

193.
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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 RANK-L and that is cross-blocked or is cross blocking a Nanobody of the
invention, e.g. SEQ ID NO’s: 560-621, or a humanized Nanobody of the invention,
e.g. SEQ ID NO’s: 730-757 and 765, or a polypeptide or construct of the invention,
e.g. SEQ ID NQ’s: 622-729, 759-762 and 766-773; and

¢) isolating said nucleic acid sequence, followed by expressing said amino acid

sequernce.

Method for the prevention and/or treatment of at least one bone discase or disorder, said
method comprising administering, to a subject in need thereof, a pharmaceutically active
amount of at least one amino acid sequence according to any of aspects 1 to 97,
Nanobody according to any of aspects 98 to 138, polypeptide according to any of
aspccts 139 to 157, compound or construct according to any of aspects 158 to 178,
monovalent construct according to any of aspects 179 to 181, or composition according

to aspect 186 or 187.

Method for the prevention and/or treatment ot at least one disease or disorder that is
associated with RANK-L, with its biological or pharmacological activity, and/or with
the biological pathways or signalling in which RANK-L is involved, said method
comprising administering, to a subject in need thereof, a pharmaceutically active amount
of at least one amino acid sequence according to any of aspects 1 to 97, Nanobody
according to any of aspects 98 to 138, polypeptide according to any of aspects 139 to
157, compound or construct according to any of aspects 158 to 178, monovalent
construct according to any of aspects 179 to 181, or composition according to aspect

186 or 187.

Method for the prevention and/or treatment of at least one disease or disorder that can be
prevented and/or treated by adminislering, (o a subject in need thereof, an amino acid
sequence according 1o any of aspects 1 to 97, Nanobody according to any of aspects 98
to 138, polypeptide according to any of aspects 139 to 157, compound or construct

according to any of aspects 158 to 178 or a monovalent construct according to any of
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195.

196.

197.

198.
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aspects 179 to 181, said method comprising administering, to a subject in need thereof, a
pharmaceutically active amount of at least one amino acid sequence according to any of
aspects 1 to 97, Nanobody according to any of aspects 98 to 138, polypeptide according
to any of aspects 139 to 157, compound or construct according to any of aspects 158 to
178, monovalent construct according to any of aspects 179 to 181, or composition

according to aspect 186 or 187.

Method for immunotherapy, said method comprising administering, to a subject in need
thereof, a pharmaceutically active amount of at least one amino acid sequence according
to any of aspects 1 to 97, Nanobody according to any of aspects 98 to 138, polypeptide
according to any of aspects 139 to 157, compound or construct according to any of
aspects 158 to 178, monovalent construct according to any of aspects 179 to 181, or

composition according to aspect 186 or 187.

Use of an amino acid sequence according to any of aspects 1 to 97, Nanobody according
to any of aspects 98 to 138, polypeptide according to any of aspects 139 to 157,
compound or construct according to any of aspects 158 to 178 or a monovalent
construct according to any of aspects 179 to 181, in the preparation of a pharmaceutical
composition [or prevention and/or treatment o[ at least one bone disease or disorder;

and/or for usc in onc or more of the methods according to aspects 191 to 194.

Amino acid sequence according to any of aspects 1 to 97, Nanobody according to any of
aspects 98 to 138, polypeptide according to any of aspects 139 to 157, compound or

construct according to any of aspects 158 to 178, or a monovalent construct according to
any of aspects 179 to 181 for prevention and/or treatment of at least one bone disease or

disorder.

Part or fragment of an amino acid sequence according to any of aspects 1 to 97, or of a

Nanobody according to any of aspects 98 to 138.

Part or fragment according to aspect 197, which is dirccted against and/or can

specifically bind to the RANK receptor binding sitc on RANK-L.
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201.

202.

203,

204.

205.

206.

207.

208.

209.

221

Part or fragment according to any of aspects 197 or 198, which is directed against and/or
can specifically bind to the intersubunit receptor-binding grooves on the RANK-L

trimer.

Part or fragment according to any of aspects 197 to 199, which modulates binding of
RANKL-L to RANK.

Part or fragment according to aspect 200, which inhibits and/or prevents binding of
RANKTL.-L. to RANK.

Part or fragment according to aspect 201, which inhibits and/or prevents binding of
RANKL-L to RANK, while not reducing and/or inhibiting the RANK-L/OPG

interaction.

Part or fragment according to any of aspects 197 to 202, which is an antagonist of

RANK-L

Part or fragment according aspect 197, which is directed against and/or can specifically

bind to the OPG binding site on RANK-L.

Part or fragment according aspects 197 or 204, which modulates binding of RANKIL-L
to OPG.

Part or fragment according to aspect 205, which inhibits the RANK/RANK-L

interaction.

Part or fragment according to aspect 206, which is an antagonist of RANK-L.

Part or fragment according to aspect 205, which does not reduce or inhibit the

RANK/RANK-L interaction.

Part or fragment according to aspect 208, which is an agonist of RANK-L.



10

20

30

WO 2008/142164 PCT/EP2008/056383

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

222

Part or fragment according to aspect 197, which prevents and/or inhibits the formation

of the RANK-L trimer.

Part or fragment according to aspect 197, which prevents and/or inhibits the

differentiation and/or proliferation of osteoclasts.
Part or fragment according Lo aspect 197, which modulates bone remodelling.
Part or fragment according to any of aspects 197 to 212, which does not bind TRAIL..

Part or fragment according to any of aspects 197 to 213, which does not bind TNF-
alpha.

Part or fragment according to any of aspects 197 to 214, which does not bind CD40
ligand.

Part or fragment according to any of aspects 197 to 215, which does not bind related
TNF family members.

Part of fragment according to any of agpects 197 to 216, that can specifically bind to
RANK-L with a dissociation constant (Kp) of 107 to 102 moles/litre or less, and

preferably 107 to 10? moles/litre or less and more preferably 107 to 1072 moles/litre.

Part or fragment according to any of agpects 197 to 217, that can specifically bind to
RANK-L with a rate of association (k,-rate) of between 10> M's™ to about 10" M's™,
preferably between 10°M's" and 10’ M™'s™, more preferably between 10*M™'s™" and
10’ Mls'l, such as between 10° M7 s " and 10’ M's ™.

Part or fragment according to any of aspects 197 to 218, that can specifically bind to
RANK-Lwith a rate of dissociation (kg rate) between 1 s™ and 10 5™ preferably
between 1072 s and 10° 5!, more preferably between 102 5™ and 10 5!, such as

between 107* s and 10° s,
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221.
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223,

224,

225.

226.

227.

228.

229.

230.
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Compound or construct, that comprises or essentially consists of one or more parts or
fragments according to any of aspects 197 to 219, and optionally further comprises one
or more other groups, residues, moieties or binding units, optionally linked via one or

more linkers.

Compound or construct according to aspect 220, in which said one or more other

groups, residues, moieties or binding units are amino acid sequences.

Compound or construct according to any of aspects 220 or 221, in which said one or

more linkers, if present, are one or more amino acid sequences.

Nucleic acid or nucleotide sequence, that encodes a part or fragment according to any of

aspects 197 to 219 or a compound or construct according to aspect 222,
Composition, comprising at least one part or fragment according to any of aspects 197
to 219, compound or construct according to any of aspects 220 to 222, or nucleic acid or

nucleotide sequence according to aspect 223,

Derivative of an amino acid sequence according to any of aspects 1to 97, or of a

Nanobody according to any of aspects 98 to 138.

Derivative according to aspect 225, that can specifically bind to RANK-L.

Derivative according (o aspect 226, which is directed against and/or can specilically

bind to the RANK receptor binding site on RANK-L.

Derivative according to any of aspects 226 or 227, which is dirccted against and/or can

specifically bind to the intersubunit receptor-binding grooves on the RANK-L trimer.

Derivative according to any of aspects 226 to 228, which modulates binding of

RANKL-L to RANK.

Derivative according to aspect 229, which inhibits and/or prevents binding of RANKL-
L to RANK.
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232.

233,

234.

235.

236.

237.

238.

239.

240.

241.

242,

224

Derivative according to aspect 230, which inhibits and/or prevents binding of RANKL-
L to RANK, while not reducing and/or inhibiting the RANK-L/OPG interaction.

Derivative according to any of aspects 226 to 231, which is an antagonist of RANK-L

Derivative according aspect 226, which is directed against and/or can specifically bind

to the OPG binding site on RANK-L.

Derivative according aspects 226 or 233, which modulates binding of RANKL-L to
OPG.

Derivative according to aspect 234, which inhibits and/or prevents the RANK/RANK-L

interaction.

Dertvative according to aspect 235, which is an antagonist of RANK-L,

Derivative according to aspect 234, which does not reduce or inhibit the RANK/RANK-

L interaction.

Derivative according to aspect 237, which is an agonist of RANK-L..

Derivative according to aspect 226, which prevents and/or inhibits the formation of the
RANK-L trimer,

Derivative according to aspect 226, which prevents and/or inhibits the differentiation

and/or proliferation of osteoclasts.

Derivative according to aspect 226, which modulates bone remodelling.

Derivative according (o any ol aspects 226 (0 241, which does not bind TRAIL.

. Derivative according to any of aspects 226 to 242, which does not bind TNF-alpha.
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244,

245.

246.

247.

248.

249,

250.

251.

252,

253,

225

Derivative according to any of aspects 226 to 243, which does not bind CD40 ligand.

Derivative according to any of aspects 226 to 244, which does not bind related TNF

family members.

Derivative according to any of aspects 226 to 245, that can specifically bind to RANK-L
with a dissociation constant (Kp) of 1 07 to 10 moles/litre or less, and preferably 107

to 10™? moles/litre or less and more preferably 107 to 107" moles/litre.

Derivative according to any of aspects 226 to 246, that can specifically bind to RANK-L
with a rate of association (kg,-rate} of between 10° M5! to about 10" Mg, preferably
between 10° M's! and 107 M"'s™, more preferably between 10* M's™ and 10’ M's,
such as between 10° M™'s" and 10” M''s™.

Derivative according to any of aspects 226 to 247, that can specifically bind to RANK-L
with a rate of dissociation (kofr rate) between 1 §'and 10° ¢ preferably between 107 ¢!

and 10 s, more preferably between 10° s™ and 107 s, such as between 10 s and

1065t
Derivative of a compound or construct according to any of aspects 158 to 178.
Derivative according to aspect 249, that can specifically bind to RANK-L.

Derivative according to any of aspects 249 to 250, that can specifically bind to RANK-L
with a dissociation constant (Kp) of 10” to 10" moles/liter or less, and preferably 107

to 10™% moles/liter or less and more preferably 107 to 10'* moles/liter.

Derivative according to any of aspects 249 to 251, that can specifically bind to RANK-L
with a rate of association (kg,-rate) of between 10> M™'s'! to about 10’ M™'s™!, preferably
between 10° M™'s ™" and 10 M]s'1, more preferably between 10*M7s" and 10 M']s'l,

such as between 10° M's' and 10" M's™.

Derivative according to any of aspects 249 to 252, that can specifically bind to RANK-L

with a rate of dissociation (kofr rate) between 1 §'and 107 preferably between 107"
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255,

256.

257.

258.
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and 10 5™, more preferably between 10° s and 107 ™', such as between 107 ' and
10°st,

Derivative according to any of aspects 225 to 253, that has a serum hal{-life that is at
least 1.5 times, preferably at Ieast 2 times, such as at least 5 times, for example at least
10 times or more than 20 times, greater than the half-life of the corresponding amino
acid sequence according to any of aspects 1 to 97 per se, Nanobody according to any of
aspects 98 to 138 per se, polypeptide according to any of aspects 139 to 157, or

compound or construct according to any of aspects 158 to 178 per sc.

Derivative according to any of aspects 225 to 254, that has a serum half-life that is
increased with more than 1 hours, prelerably 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 according to any of aspects 1 to 97
per se or Nanobody according to any of aspects 98 to 138 per se, polypeptide according
to any of aspects 139 to 157, or compound or construct according to any of aspects 158

to 178 per se.

Derivative according to any of aspects 225 to 255, that has 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, 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 prelerably 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).

Derivative according to any of aspects 225 to 256, that is a pegylated derivative.

Compound or construct, that comprises or essentially consists of one or more derivalives
according to any of aspects 225 to 257, and optionally further comprises one or more
other groups, residues, moieties or binding units, optionally linked via one or more

linkers.
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259, Compound or construct according to aspect 258, in which said one or more other

groups, residues, moieties or binding units are amino acid sequences.

260. Compound or construct according to any of aspects 258 or 259, in which said one or

more linkers, if present, are one or more amino acid sequences.

261. Nucleic acid encoding one derivative to any of aspects 225 to 257 or a compound or

construct according to any of aspects 258 to 260.

262. Composition, comprising at least one derivative to any of aspects 225 to 257, compound
or construct according to any of aspects 258 to 260, or nucleic acid or nucleotide

sequence according 1o aspects 261,

Figure legends

Figure 1: Results of competition ELISA with TNFa, TRAIL, CD40L and RANK-L
as described in Example 3.2. A: binding of RANKL6 Nanobody; B: binding of RANKL9
Nanobody; C: binding of RANKL13 Nanobody; D: binding of RANKL15 Nanobody; E:
binding of RANKL 18 Nanobody.

Figure 2: Results of cell based competition binding assay with monovalent and
trivalent anti-RANK-I. Nanobodies as described in Example 4.3. A: inhibition with
RANKL13 and RANKL130 Nanobodies; B: inhibition with RANKL15 and RANKL150
Nanobodies; C: inhibition with RANKL18 and RANKL180 Nanobodies. Solid line:
monvalent Nanobody; Long dashed line: trivalent bispecific Nanobody; Short dashed line:
irrelevant Nanobody.

Figure 3: The effects of the Nanobodies on the differentiation of human osteoclasts.
The results are shown as TRACP 5b values. The groups are: BL = Baseline (no added
compounds); C = control (100 ng/ml OPG); A1 =0.05nM; A2=03 nM; A3 =1nM; A4=3
nM; AS =10 nM; A6 =50 nM; A7 = 250 nM. The results of all groups were compared
separately with the results of the baseline group using one-way ANOVA. Asterisks indicate
statistically significant inhibitory effects compared with baseline. All Nanobodies inhibit
dose-dependently osteoclast differentiation (***p<0.001). 3-A: RANKL60; 3-B: RANKI.130;
3-C: RANK-I.180.
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Figure 4: (A) Serum NTx levels expressed as % change of baseline upon
administration of Nanobodies (values below detection limit are not included). (B) Average
Serum NTx levels expressed as % change of baseline upon administration of small molecule
Ibamdronate (IBN) or of negative control Nanobody ALB-1.

Figure 5: Serum BAP levels expressed as % change of baseline upon administration
of Nanobodies.

Figure 6: Alignment ol humanized RANKL13hum5 (SEQ ID NO: 755) to the wild
type molecule RANKL13 (SEQ ID NO: 572) and to the first 97 amino acid residues of human
germline VH3-23 (SEQ ID NO: 763). Humanized aa residues are indicated in red, while
CDR1, 2 and 3 are highlighted in green.

Figure 7: Analysis of the potency of RANKL13, RANKL13hum5 and
RANKLI13hum5_ D62E in AlphaScreen assay.

Figure 8: Binding of RANK-LI130NT and RANKL 008a to immobilized RANK-L.
Binding of RANK-L 130NT (light blue} and Rank-L 008a (pink) in the presence of albumin
to immobilized Rank-L.

Figure 9: Supcrimposed sensorgrams of binding ot RANKL18humé.
RANKL18humé: binding of 500nM RANKL18humé for 120 seconds. Mixture: binding of
500nM RANKL18humé for 120 seconds followed by injection of a mixture containing
500nM ol RANKL18humé6 and RANKL13humS.

Figure 10; Superimposed sensorgrams of binding of RANKL13humsS.
RANKIL13hum3: binding of 500nM RANKI.13hum3 for 120 seconds. Mixture: binding of
500nM RANKL13humS5 for 120 seconds followed by injection of a mixture containing
500nM of RANKL13hum5 and RANKL18hum6.

Figure 11: Inhibition of RANK-L induced differentiation of RAW264.7 cells.
RAW264.7 cells (2000 cells/well) were incubated with a dilution series of RANKL00Sa (o),
RANKLOO3p (m), or an irrelevant Nanobody ( A ) and differentiation was induced with 7.5
ng/mL RANK-L. After 4 days, tartrate-resistant acid phosphatase activity in the supernatant
was measured. Mean + s.e. of duplicate measurements is shown. Positive controls (i.e.
without Nanobody) are indicated using o; negative controls (i.e. without RANK-L) are
indicated using (O).

Figure 12: Inhibition of the RANK-L interaction with RANK. A dilution series of
RANKIL.008a (), RANKLOO3p ( A) or osteoprotegerin ( ¥ ) was incubated with 7.5 ng/mL
RANK-L and 200 ng/mL RANK-Fc. The mixtures were transferred to a 96-well plate coated
with the anti-Fc Nanobody PMP02. Residual bound RANK-L was detected.
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Figure 13: Binding of RANKLO008a to human serum albumin. 96-well plates were
coated with HSA. After blocking, a dilution series of RANKL008a was applied. Bound
RANKL008a was detected with a horseradish peroxidase labelled bivalent Nanobody.

Figure 14 Bifunctional binding of RANKLO008a to HSA and RANK-L. A) Microtiter
plates were coated with neutravidin afier which biotinylated RANK-L was bound. Wells were
incubated with a dilution series of RANKLO08a. Bound RANKLO08a was detected with
horseradish peroxidase labelled albumin. Mean + s.e. of duplicale measurements; B)
Microtiter plates were coated with HSA after which a dilution series of RANKIL008a was
applied. Bound RANKI.0082 was detected with biotinylated RANK-L followed by
horseradish peroxidase labelled streptavidin.

Figure 15: Serum NTx levels upon intravenous or subcutaneous administration
(3mg/kg) of RANKIL008a (8-A), RANKLOO1p (8-B) or RANKILO03p (8-C) Nanobodies
(values below detection limit are not included).

Figure 16 Serum NTx levels upon administration (0.3mg/kg; 0.03 mg/kg) of
RANKL008a (9-A), RANKLOO1p (9-B) or RANKLOO3p (9-C) Nanobodics (values below
dctection limit are not included).

Figure 17: Cross-reactivity of the Nanobodies with other TNF family members TNF o
and TRAIL and with mousc RANK-L.

Examples

Example 1: 1dentification of RANK-L blocking Nanobodies

1.1 Immunizations

Two llamas (No. 115 and No. 116) were immunized, according to standard protocols,
with 9 intramuscular injections (100 or 50 pg/dose at weekly intervals) of alternating human
RANK-L (R&D Systems, Minneapolis, MN, US) and mouse RANK-L (R&D Systems,
Minneapolis, MN, US) in llama No. 116 and in llama No. 115 for the 5 first injections. The
last four injections in llama 115 were only of human RANK-L. Both antigens were
formulated in Stimune (Cedi-Diagnostics B.V., Lelystad, The Netherlands). At week 3, sera
were collected to define antibody titers against human and mouse RANK-L by ELISA. In
short, 96-well Maxisorp plates (Nune, Wiesbaden, Germany) were coated with human or

mouse RANK-L. After blocking and adding diluted scra samples, the presence of anti-
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RANK-L Nanobodies was demonstrated by using HRP (horseradish peroxidase) conjugated
goat anti-llama immunoglobulin (Bethyl Laboratories Inc., Montgomery, Texas USA) and a
subsequent enzymatic reaction in the presence of the substrate TMB (3,3°,5,5°-
tetramentylbenzidine) (Pierce, Rockford, IL, USA). OD 450, exceeded 1 for human and
mouse RANK-L in both animals.

1.2 Library construction

Peripheral blood mononuclear cells were prepared from the serum samples using
Ficoll-Hypaque according to the manufacturer’s instructions. Next, total RNA was extracted
from these cells and used as starting material for RT-PCR to amplify Nanobody encoding
gene fragments. These fragments were cloned into a house made phagemid vector. Phage was
prepared according to standard methods (see for example the prior art and applications filed

by applicant cited herein) and stored after filter sterilization at 4°C for further use.

1.3 Selections

Phage libraries obtained from llamas No. 115 and No. 116 werc used for ditferent
selection strategies.

In a first selection, biotinylated hRANK-L (expressed in mouse myeloma NSO cell
line) (R&D Systems, Minneapolis, US) at 1, 0.1, 0.01 pg/ml was captured on a neutravidin
coated solid phase. Following incubation with the phage libraries and extensive washing,
bound phage was aspecifically eluted with trypsin (1 mg/ml).

In a second selection, soluble biotinylated hRANK-L (R&D Systems, Minneapolis,
US) (1 nM, 100 pM, 10 pM) was incubated with the phage libraries. After extensive washing,
the biotinylated hRANK-IL. was captured on a neutravidin coated solid phase. Bound phage
was specifically eluted with trypsin (I mg/ml)

In a third selection hRANK-L (expressed in E. Coli) (Peprotech, London, UK) was
coated onto Maxisorp 96-well plates (Nunc, Wiesbaden, Germany) at 1, 0.1, 0.01ug/ml.
Following incubation with the phage libraries and extensive washing, bound phage was
aspecifically eluted with trypsin (1 mg/ml).

In all selections, enrichment was observed. The output from the selections was
recloned as a pool into a house made expression vector. Colonies were picked and grown in

96 deep well plates (1 mi volume) and induced by adding IPTG for Nanobody expression.
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Periplasmic extracts (volume: ~ 80 ) were prepared according to standard methods (sce for

example the prior art and applications filed by applicant cited herein).

1.4 Screening for RANK-L blocking Nanobodies in Alphascreen assay
The periplasmic extracts were screened in a RANK Alphascreen assay to evaluate the

blocking capacity of the expressed Nanobodies. This assay relies on the use of Donor and
Acceptor beads which can be conjugated to biological molecules. When a biological
interaction between molecules brings the beads into proximity, excited singlet oxygen
molecules that are produced upon laser excitation at 680 nm by a photosensitizer in the Donor
bead, diffuse across to react with a chemiluminiscer in the acceptor bead that further activates
fluorophores which subsequently emit light at 520-620 nm. If the Nanobody inhibits binding
of RANK-L to RANK, fluorescent output will decrease, and the amount of Nanobody present
will be inversely related to the amount of fluorescence.

Human RANK-L was biotinylated using biotin (Sigma, St Louis, MO, US) and
biotinamidohexanoic acid 3 -sulfo-N-hydroxysuccinimide ester sodium salt (Sigma, St Louis,
MO, US). RANK-huFc chimera (Alexis, Biochemicals, Lausen, Switzerland) was coupled to
acceptor beads according to manufacturer instructions (Perkin Elmer, Waltham, MA, US). To
cvaluate the ncutralizing capacity of anti-hRANK-L Nanobodics, dilution serics of the
periplasmic extracts were pre-incubated with biotinylated human RANK-L. To this mixture,
the acceptor beads and the streptavidin donor beads were added and further incubated for 1
hour at room temperature. Fluorescence was measured by reading plates on the EnVision
Multilabel Plate Reader (Perkin Elmer) using an excitation wavelength of 680 nm and an
emission wavelength of 520 nm. Decrease in fluorescence signal indicates that the binding of
biotinylated RANK-L to the RANK receptor is blocked by the Nanobody expressed in the
periplasmic extract.

From this screening inhibiting Nanobodies were selected and sequenced. Sequencing
analysis revealed 12 unique Nanobodies and 10 Nanobody families. The corresponding
sequences are depicted in Table C-1 and Table B-1. The sequence of non-inhibitory

Nanobodies is shown in Table B-2.

Example 2: Characterization of 21 RANK-L blocking Nanobodies in Alphascreen assay
and ELISA
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2.1 Nanobody expression and purification

20 inhibitory Nanobodies selected from the screening described in example 1 were
further purified and characterised. Selected Nanobodies were expressed in £.coli as ¢-myc,
His6-tagged proteins in a culture volume of 50 mL. Expression was induced by addition of 1
mM IPTG and allowed to continue for 4h at 37°C. After spinning the cell cultures,
periplasmic extracts were prepared by {reeze-thawing the pellets. These extracts were used as
starling material for immobilized melal affinity chromatography (IMAC). Nanobodies were

eluted from the column with 150 mM imidazole and subsequently dialyzed against PBS.

le hRANK-L coated on maxisorp 96-well plat

First, biotinylated hRANK-L (200 ng/ml) was captured on neutravidin coated 96-well
plates. Therefore 2 pg/ml neutravidin was coated overnight at 4° C. The plates were washed 5
times with 300ul PBS and then blocked with 300ul 1 % casein/PBS for 2 hours at room
temperature. Alter blocking biotinylated RANK-L (200 ng/ml) was added to the wells and
incubated for 1 hour at room temperature. After extensive washing with PBS, varying
concentrations of Nanobodies starting from 500 nM to 160 pM diluted in 1 % casein/PBS
were added to the wells and the plates were incubated for 1 hour at room temperature. Bound
Nanobodies were detected by subsequent incubations of a primary mouse anti-myc antibody
and a secondary anti mouse-HRP conjugate (DAKO, Glostrup, Denmark) and using TMB-
H202 (Pierce, Rockford, IL, USA) substrate cocktail. The reaction was stopped with H,SO,
and the OD was read at 450 nm. All Nanobodies bound to hRANK-L coated on plates in a
dose-dependent way. Calculated ED50 values are shown in Table C-2.

The same panel of Nanobodies was also analysed for binding to murine RANK-L in a
similar set-up as described for human RANK-L (see above). Only Nanobody RANKL3 could
bind to murine RANK-L in a dose-dependent way with an ED50 of approximately 600 pM.

2.3 Nanobodies block the binding of RANK -L to its cognate receptor RANK in Alpha Screen
Human RANK-L was biotinylated using biotin (Sigma, St Louis, MO, US) and

biotinamidohexanoic acid 3 -sulfo-N-hydroxysuccinimide ester sodium salt (Sigma, St Louis,
MO, US). RANK-huFc chimera (1 nM) (Alexis, Biochemicals, Lausen, Switzerland) were
coupled to acceptor beads according to manufacturer instructions (Perkin Elmer, Waltham,
MA, US).

A dilution scrics of anti-RANK-L Nanobodics starting from 50 nM up to 1 pM was
pre-incubated with 100 pM biotinylated RANK-L during 30 minutes at RT. To this mixture,
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the RANK acceptor beads and the streptavidin donor beads were added and further incubated
for 1 hour at room temperature. Fluorescence was measured by reading plates on the
EnVision Multilabel Plate Reader (Perkin Elmer) using an excitation wavelength of 680 nm
and an emission wavelength of 520 nm.

Preincubation of all Nanobodies with biotinylated RANK-L reduced fluorescence
intensity at 520 nm, demonstrating that the Nanobodies can effectively inhibit RANK-L
binding to RANK in a dose-dependent mammer. The calculated IC50 values are shown in

Table C-3, and vary from 137 pM for RANKLS up to 3530 pM for RANKL.23.

Example 3: Binding specificity of RANKL 6, 9, 13, 15, 18

1 RANKIL 6 13, 15, 18 bind specifically & 1l membrane expressed human an
cynomolgus RANK-L

RANK-L of human and cynomolgus monkey was expressed in Human embryonic
kidney cclls (HEK293T; Wullaert ¢t al. 2007, J. Biol. Chem, 282; 81-90}) as the full length,
membrane-bound protein. Binding of the Nanobodies to the cell surface expressed RANK-L
was assessed by FACS analysis of cells as described below.

Human embryonic kidney cells (HEK293T) were grown in Dulbecco’s modilied
Eagles’s medium supplemented with 10% fetal bovine serum (FBS), 2 nM L-glutamine, 0.4
mM sodium pyruvate. HEK293T cells were transiently transfected with the plasmid
expressing full length human or full length cynomolgus RANK-L using Fugene6® and
Optimem (Roche Molecular Biochemicals, Indianapolis, IN, US) according to manufacturer’s
instructions. After 48 hours, transfected cells were subjected to FACS analysis. Transfectants
were sceded in 96-well plates at a final concentration of SE+06/ml in FACS buffer (PBS +
10% FBS) and incubated with varying concentrations of Nanobody (2 nM, 400 pM, 80 pM,
16 pM, 3,2 pM for hRANK-L transfectants; 2 nM, 400 pM for cynomolgus RANK-L
transfectants) for 1 hour at 4°C. Then cells were washed three times with FACS buffer. Bound
Nanobodies were detected by subsequent incubations of a primary mouse anti Myc antibody
(30 min at 4°C (2 pg/ml)) and a second incubation with goat anti mouse-Phycoerythrin (PE)
(Jackson Laboratories) for another 30 min at 4°C. Finally, after washing, the cells were
resuspended in PBS + 10% FBS + TO-PRO®-3 (5 nM) (Molecular Probes®, Invitrogen,
Merelbeke, Belgium) and cell surface fluorescence expressed as mean PE fluorescence, was

measured using flow cytometry. All Nanobodies showed dose-dependent binding to both
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human RANK-L and cynomolgus RANK-L expressed on HEK293T cells at all
concentrations tested (Table C4). Binding was specific since addition of 40 nM soluble
human RANK-L to the incubation mixture of 400 pM Nanobody with the HEK293T

transfectants abrogated binding of the respective Nanobody to the cells (data not shown).

2 RANKL 13, 15, 1 not bind t T familv members TNF D40 ligan:
(CD40L) or TRAIL

Human OPG has been reported to display weak binding to tumor necrosis factor-
related apoptosis inducing ligand (TRAIL). The RANK-L amino acid sequence shows 34%
similarity with that of TRAIL.

In a competition ELISA it was shown that the anti-RANK-L Nanobodies do not bind
to TNF family members TNFa, TRAIL and CD40L. RANK-L was coated on 96-well plates
as described in example 2, Nanobodies RANKL 6, 9, 13, 15 and 18 (1 nM) were preincubated
with varying concentrations of RANK-L, TNFa, CD40L or TRAIL (approximately 100 nM
down to 40 pM) before they were added to the plates. Binding of the Nanobodics to the
RANK-L coated plates was only inhibited by exogenously added RANK-L and was not
affected by the addition of the other ligands (Figure 1).

Example 4: Neutralizing activity of trivalent bispecific anti RANKL Nanobodies versus

monovalent counterparts

4.1 Construction and expression of trivalent bispecific anti-RANK-I. Nanobodies
RANKL3, RANKL6, RANKL9, RANKL13, RANKL15 and RANKL18 were also expressed

as trivalent bispecific anti-RANK-L Nanobodies. The trivalent molecules (e.g. RANKL6-
ALBI1-RANKL6) comprise of two building blocks corresponding to anti-RANK-L
Nanobodies with in the middle a third building block corresponding to an anti Human Serum
Albumin (HSA) Nanobody building block (ALB-1; SEQ ID NO: 790). The individual
building blocks were fused by a Gly/Ser (GGGGSGGGS; SEQ ID NO: 792) linker. The
sequences of these trivalent bispecific anti-RANK-L Nanobodies are shown in Table B-3.
These constructs were expressed in E.coli as c-myc, His6-tagged proteins and subsequently
purified from the culture medium by immobilized metal affinity chromatography (IMAC) and
size exclusion chromotagraphy (SEC).
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4.2 Inhibition by trivalent Nanobodies of RANK-L binding to RANK in Alpha-Screen

5 trivalent Nanobodies (RANKL30: RANKL3-ALB1-RANKL3; RANKL60:
RANKL6-ALB1-RANKLS, RANKL90: RANKL9-ALB1-RANKLSY, RANKL130:
RANKLI13-ALB1-RANKLI13, RANKLI50: RANKLI15-ALB1-RANKL15, RANKLI80:
RANKL18-ALB1-RANKLI8) were compared to their monovalent counterparts in the Alpha-
Screen assay 0 evaluale whether they can also block RANK-L binding (o ils cognate
receptor.

AlphaScreen was performed as described in Example 2. As shown in Table C-5, all
trivalent Nanobodies blocked RANK-L binding to the RANK receptor in a dose dependent

way with increased potency as compared to the corresponding monovalent molecules.

4.3 Inhibition by anti-RANK-I, Nanobodies of RANK-I. binding to RANK expressed on
HEK293T cell membranes

HEK293T cells were transiently transfected with the plasmid expressing full length
RANK using Fugencé as described in example 3. After 24 hours aliquots of 60 ul (7.5x103
cells) were plated into FMAT system 384-well plates (PE Biosystems, CA, US) and allowed
to adhere for 24h. After overnight adherence, culture supernatant was removed by gently
tapping the plate. To initiate the competitive screen, 20 pl ALEXA®"-labeled human RANK-
L (200 pM final concentration) diluted in PBS + 10% BSA (FMAT buffer) and 20 pl of a
dilution series (200 nM down to 0.075 pM) of the different monovalent and trivalent
Nanobodies were added to the cell-containing FMAT system 384-well plates (PE Biosystems,
CA). The plates were scanned after 10 hours of incubation. Cell surface fluorescence was
measured by 8200 Cellular Detection System (Applied Biosystems, Foster City, CA, US)
which is a fluorescence macro-confocal, biological binding event analyzer that enables mix-
and-read assays with live cells.

Table C-6 and Figure 2 show that Nanobodies blocked binding of RANK-L to its
receptor in a dose dependent way and that the trivalent formats show increased potency over

the monovalent molecules.

4.4 Inhibition by anti-RANK-I[. Nanobodies of RANK-L induced NF-KB activation in
HEK293T cells

RANK-L stimulatcd ostcoclastogencsis is associated with NF-kB activation. Most

likely, RANK-L activates the most common dimer, p50/p65 (Wei et al. 2001, Endocrinology
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142(3): 1290-1295). The important role of NF-kB p50 and p52 molecules in
osteoclastogenese has been shown by Xing et al. (2002, J Bone Miner. Res. 17(7): 1200-
1210) reporting that NF-kB p50 and p52 are essential for RANK-expressing osteoclast
precursors to differentiate into TRAP+ osteoclasts in response to RANK-L, Morecover p50
and p52 double knock out mice reportedly develop severe osteopetrosis due to the inability to
generate mature osteoclasts (Franzoso et al. 1998, Genes & Development 11: 3482-3496). All
together, RANK-L induced NF-kB activation is important for formation of mature
ostcoclasts.

To cvaluate the effect of Nanobodics on RANK-L induced NF-«B activation,

HEK?293T cells were transiently transfected as described in example 3 with a NF-kB reporter

gene plasmid and a plasmid encoding [3-galactosidase, the latter being used to correct for
transfection efficiency. After 24 h, the cells were seeded in 96-well plates.

Another 24 h later, cells were left untreated or were incubated in the presence of a constant
amount of human RANK-L (300 ng/ml) and varying amounts of the indicated anti-RANK-L
Nanobodies (200 nM down to approximately 10 pM). After 6 hours cells were lysed;
luciferase (Luc) and B—galactosidase activity were assayed using the Dual-light kit
(Tropix/Applied Biosystems, Foster City, CA, US) according to manufacturer’s instructions.
Luc values were normalized for B-galactosidase values to correct for differences in
translection elliciency. As shown in Table C-7, all anti-RANK-L Nanobodies inhibit RANK-
L induced NF-kB activation in a dose-dependent way. Calculated IC50 values indicate that

trivalent Nanobodies are more potent then the corresponding monovalent molecules.

Example 5: Inhibition of esteoclast formation by Nanobodies

The ellects of the three Nanobodies RANKL60, RANKL130 and RANKLI180 on
differentiation of human osteoclasts in vitro were investigated.

The method of osteoclast culture on bone slices was originally described by Boyde
and co-workers (1984; Br. Dent J. 156: 216-220) and by Chambers and Horton (1984; J.
Pathol. 144: 295-6). Originally, the number of osteoclasts was determined by calculating the
number of tartrate-resistant acid phosphatase (TRACP)-positive multinuclear cells under a
microscope. Later, it was demonstrated that secreted TRACP 5b activity reflects the number

of osteoclasts in mouse osteoclast cultures (Alatalo et al,, 2000; Clin. Chem. 46: 1751-4),
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While secreted TRACP 5b activity correlated strongly with the number of osteoclasts,
TRACP 5b was not secreted by TRACP-positive mononuclear osteoclast precursor cells
before they had differentiated into mature multinuclear osteoclasts. Therefore, secreted
TRACP 5b is a reliable marker of the number of mature multinuclear osteoclasts.

A human osteoclast differentiation assay was set up in which CD34+ osteoclast
precursor cells derived from human bone marrow were cultured for 7 days in the presence of
appropriate growth [factors, including M-CSF and RANK-igand, allowing them (o
differentiate into mature bone-resorbing osteoclasts (Rissanen et al., 2005; Circulation 112:
3937-46).

Human bone marrow-derived CD34+ stem cells were suspended to culture medium
and allowed to attach to bovine bone slices in 96-well tissue culture plates. The culture
medium contained appropriate amounts of important growth factors favoring osteoclast
differentiation, including M-CSF and RANK-ligand. The cells were incubated in a CO2
incubator in humidified atmosphere of 95% air and 5% carbon dioxide at 37°C. At day 7
when osteoclast differentiation was completed, tartrate-resistant acid phosphatase isoform 5b
activity (TRACP 5b) was measured from the culture medium as an index of the number of
osteoclasts formed, using the BoneTRAP® assay (IDS Ltd, Boldon, UK) and VICTOR2™
Multilabel Counter (PerkinElmer, Waltham, MA, USA).

Seven different concentrations of each Nanobody were tested in this study, ranging
from 0.05 nM to 250 nM. A baseline group without Nanobodies and a control group with a
reference molecule were included in each cell culture. Osteoprotegerin, an inhibitor of
osteoclastogenesis, was used as a reference molecule to demonstrate that the test system can
detect inhibition of osteoclast differentiation.

Baseline TRACP 5b values were high and the reference inhibitor OPG inhibited
significantly osteoclast differentiation, which indicates that the assay was performed
successfully and the results obtained reliable (Figure 3). All three Nanobodies inhibited dose-
dependently human osteoclast differentiation. All compounds showed a statistically
significant inhibition with 3.0 nM and higher concentrations. The inhibition profiles were

similar for all three Nanobodies.

Example 6: Identification of residues on RANK-L involved in the interaction with the

Nanobodies.
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6.1 Construction of human/mouse hybrids
In order to identify the binding sites of the Nanobodies on the RANK-L molecule, the

human RANK-L-specific binding of the Nanobodies was exploited. Except for Nanobody
RANKILS3, the obtained Nanobodies did not interact with mouse RANK-L. In order to identify
residues involved in the species-specific interaction on human RANK-L, three human/mouse
hybrids were designed containing human/mouse substitutions in AA’ and CD loops as

follows:

AA’ loop:

human/mouse hybrid 1: T'D'™ were substituted with A and S respectively

CD loop:

231L232

human/mouse hybrid 2: D were substituted with S and V respectively

human/mouse hybrid 3: AP’ TE *° were substituted with P and TD respectively

The human/mouse hybrids were generated by overlap PCR using the primers showed
in Table C-8. Amplicons were subsequently cloned as Xhol/Xbal restriction fragments in an

expression vector, pClneo (Promega, Madison, WI).

2 Binding of Nan ies to RANK -I. human/m hybri
HEK293T cells were transiently transfected with expression vectors encoding
hRANK-L or the human/mouse hybrids. Binding of the Nanobodies (varying concentrations;
250 nM, 50 nM, 10 nM, 2 nM, 0.4 nM, 0.08 nM, 16 pM) to the cell surface expressed RANK-
L. was assessed by FACS analysis of cells as described above. An overview of the binding
results is presented in Table C-9.
Binding of the human/mouse cross-reactive RANKL3 Nanobody served as a control
for expression and correct folding of the different hybrid molecules. As shown in Table C-9,
RANKLS3 binds to the three different hybrid molecules.
The binding results with the human-specific Nanobodies can be summarized as
follows:
- Loop AA’ is not involved in the species-specific interaction with the Nanobodies.
- Loop CD is crucial for the interaction with the Nanobodies.
- Nanobodiecs can be subdivided in diffcrent classcs bascd on the obscrved differences

in their interaction with the CD Loop.
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o RANKLI13, RANKLI15: Mutation of the N-terminal part and C-terminal part of
the CD-loop abrogates the interaction.

o RANKL9 and RANKLI18: Mutation of the C-terminal part of the CD-loop
abrogates the interaction. N-terminal part of the CD-loop is not involved in the
interaction.

o RANKL6: Mutation of the N-terminal part of the CD-loop abrogates the

inleraction. C-lerminal part of the CD-loop is not involved in the interaction.

Example 7: Pharmacokinetics and pharmacodynamics in Cynomolgus Monkeys

Five males and five female cynomolgus monkeys were assigned to 5 groups, cach
group consisting of one male and one female. Male individuals were aged between 39 and 42
months, while females had reached the age of 33 to 44 months. The animal’s initial body
weight varied between 2.5 and 2.7 kg for the male individuals, and 2.2 and 2.6 kg for the
female individuals.

Nanobodies RANKL130 (SEQ ID NO: 715) and RANKLI180 (SEQ ID NO: 729) were
tested in addition to Nanobody RANKL131 (SEQ ID NO: 643). RANKL131 corresponds to a
bivalent Nanobody composed solely of two linker-interconnected RANKL 13 building blocks.
RANKLI31 was included to fully assess the impact of the albumin-binding tormat on both
PK and PD. ALB-1 (SEQ ID NO: 790) was included as a negative control and small molecule
Ibandronate (LKT Laboratories, Inc, St. Paul, MN) served as a positive control, Animals were
dosed as described in Table C-10.

Serum samples were taken for determination of the Nanobody levels, antibody
analysis, and analysis of the bone turnover markers serum N-telopeptide (serum N-Tx) and
BAP (bone-specific alkaline phosphatase). Urine was also collected for analysis of N-

telopeptide (urine N-Tx) and creatinine.

7.1 Pharmacokinetics

Concentrations of Nanobodies RANKL130, RANKL180 and RANKLI131 were
determined in plasma as follows: 96-well microtiter plates (Maxisorp, Nunc, Wiesbaden,
Germany) were coated overnight at 4°C with 100 pL neutravidin (2 pg/mL, Pierce, Rockford,
IL). Wells were aspirated and blocked for 30 min at RT with 300 uL. SuperBlock®T20 PBS
(Pierce, Rockford, IL). After 3 washing steps with PBS-0.05% Tween20, biotinylated



10

20

30

WO 2008/142164 PCT/EP2008/056383
240

RANKL (0.5 ug/mL in PBS-0.1% casein-0.05% Tween20) was captured by incubating 100
pL for 1 hr at RT while shaking at 600 rpm. After this incubation step, wells were washed 3
times with PBS-0,05% Tween20. The standards, QC and predilutions of the test samples were
prepared in a non-coated (polypropylene) plate in 100% cynomolgus monkey plasma and
incubated for 30 min at RT while shaking at 600 rpm. A 1/10 dilution of the samples and
standards in PBS-0.1% casein-0.05% Tween20 (final concentration of cynomolgus monkey
plasma is 10%) was transferred (o the coated plale and incubated for 1 hr at RT while shaking
at 600 rpm. After three washing steps with PBS-0.05% Tween20, the plates were incubated
with an in-house purified rabbit anti-Nanobody polyclonal antibody (1 pg/ml. in PBS-0.1%
casein-0.05% Tween20) for 1 hr at RT while shaking at 600 rpm. After 3 washing steps with
PBS-0.05% Tween20, 100 pl horse radish peroxidase (HRP) labeled polyclonal goat anti-
rabbit (1/5000 in PBS-0.1% cascin-0.05% Tween20, DakoCytomation, Glostrup, Denmark)
was incubated for 1 hr at RT while shaking at 600 rpm. Visualization was performed covered
from light for 10 min with 100 pL. enhanced soluble 3,3',5,5'tctramethylbenzidine (esTMB,
SDT, Brusscls, Belgium), 1/3 diluted in substratc buffer. This substrate buffer was a
composition of 60% Na;HPO, (100 mM) and 40% citric acid (100 mM). After 10 min, the
colouring reaction was stopped with 100 pL IN HCL. The absorbance was determined at 450
nm after a 10 sec shake in the Tecan ELISA reader, and corrected for background absorbance
at 620 nm. Concentration in each sample was determined based on a sigmoid standard curve.

Profiles for RANKL 130 and RANKLI180 plasma concentrations seemed to decline in
a triphasic manner. In the first 2.5 days post administration, there was an initial short
disposition phase (apparent alpha phase t1/2 ~0.5 days), followed by a dominant slower
secondary phase (apparent beta phase) and a short final phase (apparent gamma phase)
characterized by a change in terminal slope.

Individual plasma concentration-time profiles of all individuals injected with
RANKL130 and RANKLI180 were subjected to a non-compartmental pharmacokinetic
analysis (NCA) using the pre-programmed Model 201 within WinNonlin Professional
Software Version 5.1 (Pharsight Corporation, Mountain View California, USA). Individual
plasma concentration-time profiles of all animals injected with RANKL131 were analyzed
using the pre-programmed Model 202. The area under the plasma concentration-curve (AUC)
and derived PK-paramelers were calculated by means of the linear-up/log down (rapezoidal
rule. An overview of the calculated pharmacokinetic parameters is presented in Table C-11

and Table C-12.
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Significant antibody titres to Nanobodies are detected in four out of six animals from
the RANKL130, RANKL131 and RANKLI180 cohorts. The incidence was not Nanobody-
dependent since the four animals that developed antibodies originate from three different

cohorts (cynolm, cyno3m, cyno4f, cyno6f).

7.2 Pharmacodynamics

The discovery of cross-linked N-telopeptides of type I collagen (NTx) has provided a
specific biochemical marker of human bone resorption. Generation of the NTx molecule is
mediated by osteoclasts on bone and found in urine and serum as a stable end-product of
degradation.

Changes in bone resorption induced by the Nanobodies were assessed by assaying
serum NTx and urine NTx using immunoassays according to manufacturer’s instructions
(Osteomark®NTx serum, Osteomark®NTx urine, Wampole Laboratories).

RANKL130 and RANKL 180 caused a rapid decrease in serum NTx levels (Figure 4).
Maximal inhibition in these two test groups lasted up to at least 40 days. The serum NTx
levels started to return to bascline around day 40 tor cyno 1m and cyno 6f, In cyno 2t and Sm,
the return to baseline initiated on day 45 and day 52, respectively. The less favourable profiles
seen for cyno lm and cyno 6f can be explained by the observed immunogenicity in these
animals.

The suppression ot serum NTx profiles induced by RANKL131 in cyno 3m and cyno
4{ was transient, as the levels return to baseline by day 8.

The small molecule drug Ibandronate, which was administered once monthly, induced
an overall inhibition of approximately 50% compared to baseline levels.

Urine NTx levels were measured up to day 16 for the RANKL130, RANKL131 and
RANKIL180 cohorts. Urine NTx showed similar trends to those of serum NTx.

Changes in bone formation were assessed by assaying bone-specific alkaline
phosphatase (BAP) activity in serum as a quantitative measure and indicator of osteoblastic
activity using the Metra® BAP immunoassay. The assay was performed according to
manufacturer’s instructions. RANKLI130 and RANKLI180 induced suppression of BAP
activity (Figure 5).

Example 8: Humanization of Nanobodies
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Humanized versions of the wild type Nanobodies were assembled from
oligonucleotides using a PCR overlap extension method. The sequences of different possible
variants of RANKL®6, 9, 13, 15 and 18 that were evaluated for their binding capacity and
neutralizing activity in Alphascreen and in the biochemical and cellular assays as described in

examples 2, 3 and 4 are shown in Table B-5.

RANKL13

The amino acid sequence of anti-RANKL Nanobody RANKL13 (SEQ ID NO: 572)
was blasted to the human germline Vu sequence database using an in-house sequence
query/alignment tool (Figure 6). Human germline VH3-23 (DP-47; SEQ ID NO: 763-764)
showed the closest related sequence. Nanobody RANKLI13 shows 80 identical and 7 extra
conservative amino acid substitutions over the first 97 amino acid residues of human germline
VH3-23. 8 amino acid residues (indicated in red) were substituted for humanization purposes
to make RANKL13hum5 (SEQ 1D NO: 755).

In the humanization process of RANKLI13, five RANKL13 versions (RANKL13basic,
RANKLI13huml, RANKL13hum2, RANL13hum3 and RANKLI13hum4) werc constructed.
RANKL13basic contains 4 substitutions: A14P, E44G, V78L and Q108L. In addition to these
changes, additional substitutions have been introduced in the humi-4 versions:
RANKL13huml; R27F; RANKLI13hum?2: R30S; RANKLI13hum3: A49S; RANKL13hum4:
S91Y. All versions were tested in AlphaScreen assay and binding to RANK-L was analysed
by surface plasmon resonance.

All versions were tested in AlphaScreen assay. Calculated IC50 values in AlphaScreen
indicate that the introduced mutations did not affect the potencies of the humanized
RANKL13 versions when compared to the wild type RANKL13 (Table C-13).

Binding kinetics of the humanized versions of Nanobodu RANL13 were also analysed
by Surface Plasmon Resonance (Biacore 3000). Human soluble RANK-L was covalently
bound to CMS5 sensor chips surface via amine coupling using EDC/NHS for activation and
HCI for deactivation. Nanobody binding was assessed at one concentration (100 nM). Each
Nanobody was injected for 4 minutes at a flow rate of 45 pl/min to allow binding to chip-
bound antigen. Next, binding buffer without Nanobody was sent over the chip at the same
flow rate to allow spontaneous dissociation of bound Nanobody. From the sensorgrams
obtained for the different Nanobodies k. pvalues (kg) were calculated and are indicated in
Table C-13. Association rate constants (kon or k;), and hence also Kp values, were only

indicative as only 1 concentration of Nanobody was used to fit the bindingmodel. As shown
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in Table C-13, all humanized Nanobodies showed comparable dissociation rate constants/off
rates compared to the wild type Nanobody RANKL13.

All together, AlphaScreen data and Biacore analysis did not indicate significant effects
on binding or potency of the introduced mutations in the respective humanized versions. In a
final humanized version, RANKLI13hum35, all humanizing mutations were combined. As
shown in Table C-13, RANKL13hum5 shows similar potency and binding affinity as the wild
type RANKL13,

RANKLI18

In the humanization process of RANKL18, six RANKL18 versions (RANKL18basic,
RANKLI18huml, RANKLI18hum2, RANL18hum3, RANKL18hum4 and RANKLI18humb5)
were constructed. RANKL18basic contains 4 substitutions: A14P, E44G, V78L and Q108L.
In addition to these changes additional substitutions were introduced in the hum1-5 versions:
RANKLI18huml: R27F; RANKL18hum?2: G49S; RANKL18hum3: G60A; RANKL8hum4:
P77T and V78L; RANKLI18hum5: G94A. All versions were tested in AlphaScreen and
Biacore (Table C-13).

Calculated IC50 values in AlphaScreen indicated that the introduced mutations in
RANKL18basic, RANKL18hum3 and RANKLI18hum5 did not affect the potencies of these
versions compared Lo the wild type RANKLIS (Table C-13). Humanizing mutations in
RANKLI8huml and RANKL18hum?2 influenced moderately the potency while the double
mutation in RANKIL18hum4 completely abrogated the potency of the Nanobody. Based on
these results, two additional mutants, RANKL18hum6 and RANKL18hum?7 were constructed
and analysed. RANKLI18humé combines humanizing mutations in RANKLI18basic,
RANKLI18hum3 and RANKLI18humS. RANKLI18hum7 includes all mutations of
RANKL18humé together with V78L substitution. Table C-13 shows that RANKL18humé
displays similar potency and binding affinity as the wild type RANKL18. RANKL18hum?7 is
slightly less potent and shows a slightly reduced binding affinity to RANK-L.

Example 9: Analysis of RANKL13hum5 D62E mutant

Analysis of the primary sequence of RANKL13humS5 identified D62 as a potential site

for isomerisation and hence as a potential source for chemical instability of the molecule. To

test this possibility, a stability assay was performed with the RANKL13hum5 molecule and a
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mutant in which the potential isomerisation site is replaced by a glutamic acid residue (E),
RANKL13hum5 D62E (SEQ ID NO: 756).

The D62E mutation in RANKL13hum5 was introduced by overlap PCR using primers
including the mutation: RevRANKL13hum5D62
(CCTCCCTTTGACGGATTCCGCGTAATACGT; SEQ ID NO: 797) and
FwRANKL13tum5D62E (ACGTATTACGCGGATTCCGTCAAAGGGAGG; SEQ ID NO:
798). Both ¢cDNAs encoding RANKL [3hum5 or RANKL13hum5 D62E were cloned as S{il
/BstEII fragments in 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 Nanobody coding sequence, the vector coded for two stop
codons at the 3° end of the Nanobody.

For production, RANKLI3hum5 and RANKLI13hum5 D62E constructs were
inoculated in 50 ml TB/0.1% glucose/Kanamycin and the suspension incubated overnight at
37°C. 5 x 400 ml medium was inoculated with 1/100 of the obtained overnight preculture.
Cultures were further incubated at 37°C, 250 rpm until OD600>5. The cultures were induced
with | mM IPTG and further kept incubating for 4 hours at 37°C 250 rpm. The cultures were
centrifuged for 20 minutes at 4500 rpm and afterward the supernatant was discarded. The
pellets were stored at ~20°C.

For purification, pellets were thawed and re-suspended in 20 mL d-PBS and incubated
for 1 hour at 4°C. Then, suspensions were centrifuged at 8500 rpm for 20 minutes to clear the
cell debris from the periplasmic extract. Nanobodies were purified via cation exchange
(Source 30S column, washbuffer: 10 mM citric acid pH 4.0; Elution buffer 10 mM citric
acid/1IM NaCl pH 4.0) followed by size exclusion chromatography (Superdex 75 Hiload
16/60 column; in d-PBS). The OD 280 nm was measured and the concentration calculated.
Samples were stored at -20C.

RANKL13hum5 and RANKL13hum5 D62E were analysed for their binding capacity
and neutralizing activity in Alphascreen as described in Example 2. Humanization of
RANK13 and D62E mutation in RANKL13hum5 did not interfere with potency of the
Nanobody. RANKL13, RANKLI3hum5 and RANKLI13hum5 D62E displayed similar

potencies as measured in AlphaScreen assay (Figure 7).

Example 10: Determination of size of linker lengths in bivalent molecules for optimal

potencies
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RANKL13

A series of bivalent molecules containing different linker lengths were constructed.
RANKL131 (RANKLI3-9GS-RANKL13; SEQ ID NO: 643) and RANKL133 (RANKL13-
30GS-RANKL13; SEQ ID NO: 766) contain a 9GS or a 30GS linker, respectively. Both
molecules were tested in AlphaScreen assay and FMAT assay and compared to the
monovalent RANKL13 and the (rivalent bispecific RANKL130. Calculated IC50 values are
shown in Table C-14. Both assays indicate that a 9GS linker is sufficient to obtain a similar

potency as determined for RANKI.130.

RANKLI8

A scries of bivalent molecules containing different linker lengths were constructed:

RANKLI181biv: RANKL18-9GS-RANKL18 (SEQ ID NO: 657)

RANKL182biv: RANKL18-20GS-RANKLIE (SEQ ID NO: 693)

RANKLI183biv: RANKLI18-30GS-RANKLI18 (SEQ ID NO: 767)

RANKL18hum6 Bi_25: RANKL18Hum6-25GS-RANKLI18Humé (SEQ ID NO: 768)
RANKL 18humé Bi_30: RANKL18Hum6-30GS-RANKLI18Humé6 (SEQ ID NO: 769)

All molecules were tested in AlphaScreen assay and FMAT assay and compared to the
monovalent RANKLI8 and the trivalent bispecific RANKLI180. Calculated IC50 values are
shown in Table C-14. Both assays indicate that a 30GS linker is required to obtain a similar
potency as determined for RANKL180.

RANKLY

A series of bivalent molecules containing different linker lengths were constructed:
RANKI91biv: RANKL9-9GS-RANKLO9 (SEQ ID NO: 636)

RANKL92biv: RANKL9-20GS-RANKL9 (SEQ ID NO: 672)
RANKL93biv: RANKL9-30GS-RANKL9 (SEQ ID NO: 770)
RANKL94biv: RANKL9-15GS-RANKLY (SEQ ID NO: 771)

All molecules were tested in AlphaScreen assay and FMAT assay and compared to the
monovalent RANKLY and the trivalent bispecific RANKL90 (SEQ ID NO: 708) (Table C-
14). Both assays indicate that a 15GS linker is sufficient to induce a shifl in potency
comparable to RANKL90.
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Example 11: Construction and production of different formats of the humanized

Nanobodies

Bivalent and trivalent bispecific anti-RANKL Nanobodies were constructed from
RANKL13hum5 and RANKLI18hum6. An overview of the different formatted humanized
Nanobodies with corresponding Nanobody IDs is represented in Table C-15.

11.1 Trivalent bispecific Nanobodies

The trivalent bispecific molecules (RANKTL.008a and RANKI.010a) have two building

blocks corresponding to humanized anti-RANKL Nanobodies with in the middle a third
humanized Nanobody building block corresponding to an anti-Human Serum Albumin
Nanobody building block (ALB-12; SEQ ID NO: 791). The individual building blocks are
fused by a Gly/Ser (GGGGSGGGS; SEQ ID NO: 792) linker.

RANKLO0O8a was expressed in E.coli and purified from medium and periplasmic
extracts. Nanobody was captured on MabSeclect Xtra (GE Healthcare, Uppsala, Sweden).
Elution occurred with buffer-B (100mM Glycine pH2.5). Fractions were neutralized with
1.5M Tris pH 7.5 and dialysed against 1/10 PBS. Samples were subsequently subjected to
Cation Exchange using a Source 15 S column (GE Healthcare, Uppsala, Sweden).

RANKLO10a was cloned into pPICZalphaA (Invitrogen, Carlsbad, CA) and
transtormed in Pichia pastoris. Colonies were diluted in 250 ml BCGM medium and grown at
30°C. At OD600 of 20-25, cultures were centrifuged and pellet resuspended in 80 ml of
BMCM medium. Expression was induced by addition of 100% methanol., Nanobody was
captured from the medium by capturing on MabSelect Xtra (GE Healthcare, Uppsala,
Sweden). Elution fractions in 100mM Glycine pH2.5 buffer were neutralised with 1.5M Tris
pH 7.5 and dialysed against 1/10 PBS. Sample was further purified by Cation Exchange

(Source 30 S column). Finally, a sizing step occurred on Superdex 75 26/60 column,

11.2 PEGylated Nanobodies
Bivalent RANKL13hum5 and RANKL18hum6é were constructed. Constructs were

expressed in £. coli. Purification and pegylation was carried out as follows:

Bivalent Nanobody was purified via Protein A alfinity chromatography (MabSelect Xira™),
After elution, using 100mM Glycine pH 2.5, the collected sample was immediately
neutralized using 1.5M Tris pH7.5. After a Cation Exchange step (Source 15S column) the
fraction containing the Nanobody® was concentrated via Vivaspin (5 kD), DTT was added to
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a final concentration of 10 mM and incubated over night. After free DTT was removed by
SEC, PEG (3-Maleimidoproprionamide, 1,3-bis (Methoxy poly (ethylene glycol) modified 2-
glycerol), Average MW 40,000; Nektar Therapeutics, San Carlos, CA) was added in a 5
molar excess and incubated overnight. The PEGylated Nanobody was separated from
unPEGylated Nanobody/free PEG via MacroCap SP cation exchange (buffer: 25mM Na-
acetate pH5 + 0.5% pluronic). The bound proteins were eluted with a linear gradient to buffer
(1x PBS + 0.5% pluronic).

11.3 HSA fusions
HSA fusion proteins, RANKL004h and RANKLO0O6h, correspond to bivalent
RANKLI13hum5-9GS-RANKL13hum5 and RANKLI18hum6-30GS-RANKL18hum6,

respectively, which are C-terminally fused to HSA.
For the generation of RANKL004h, RANKLI3hum5 was amplified by PCR using

following primers:

Sequence SEQ ID NO
GAAGTAGGATGGACGATGACAAACCCGCGAAGACTTTTCTGGTG 807
GCGGGAGCGAGGTGCAGCTGGTGGA
GTTCTATCGGGAAGACTTAGAACCTCCGCCGCCTGAGGAGACGG 808
TGACCAG

GGGTATCTCTCGAGAAAAGAGAGGTGCAGCTGGTGGAGTCTGGG 809
TCTCTTCTCCTAGGTCTTTGAATCTGTGGGCGACTTCAGATTTATG 810
AGCATCTGAGGAGACGGTGACCAG

Subsequent amplicons were digested using appropriate restriction enzymes (N-
terminal fragment: Bbsl/Xhol and C-terminal fragment: Bbsl/Avr II) and were cloned into a
Xhol/Avrll opened pPICZalphaA-HSA vector. This vector contains the coding sequence for
full length human serum albumin.

For the generation of RANKLO0O6h, RANKL18hum6 was amplified by PCR using

following primers:

Sequence SEQ ID NO

GGGTATCTCTCGAGAAAAGAGAGGTTCAGCTAGTGGAATCA 811

CACCTCCGGATCCTCCACCTCCGCTACCTCCACCTCCACTGCCACCTCCACC 812
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TGAGGAGACGGTGACCAG
GGTGGAGGATCCGGAGGTGGAGGTAGCGGAGGTGGAGGCTCAGGAGGTGG 813
AGGCAGTGAGGTTCAGCTAGTGGAA
TCTCTTCTCCTAGGTCTTTGAATCTGTGGGCGACTTCAGATTTATGAGCATCT 814
GAGGAGACGGTGACCAG

Amplicons were digested using appropriate restriction enzymes (N-terminal fragment:
BamHI/Xhol and C-terminal fragment: BamHI/Avr II) and were cloned into a Xhol/Avrll
opened pP1CZalphaA-HSA vector. This vector contains full length human serum albumin.

Plasmids were (ransformed to Pichia pastoris. Colonies were diluted in 250 ml BCGM
medium and grown at 30°C. Expression was induced by addition of 100% methanol.
Nanobodies were purified from the medium by capturing the Nanobodies on MabSelect Xtra
(GE Healthcare, Uppsala, Sweden) and further polishing steps using Poros50HQ and
Superdex200 XK26/60.

Example 12: Characterization of the formatted humanized Nanobodies in AlphaScreen
and FMAT assay.

12.1 Potency of the RANKI.13hum35 based formats in AlphaScreen and FMAT assay
Trivalent bispecific Nanobody RANKLO0O08a, pegylated Nanobody RANKLOO1p and

HSA fusion protein RANKLO004h were tested in AlphaScreen assay and FMAT assay and
compared to the monovalent RANKL13hum5 and the wild type trivalent bispecitic
RANKL130. Calculated IC50 values are shown in Table C-16. In both assays RANKLO0OSa,
RANKLOOIp and RANKL004h displayed a similar potency that is comparable to that of
RANKL130.

12.2 Potentcy of the RANKIL I8humé based formats in AlphaScreen and FMAT assay

Trivalent bispecific Nanobody RANKLO0O10a and pegylated Nanobody RANKLOO3p
were tested in AlphaScreen assay and FMAT assay and compared to the monovalent
RANKL18humé and the wild type trivalent bispecific RANKL180. Calculated IC50 values
are shown in Table C-16. In both assays RANKLO010a and RANKLO03p displayed potencics
that are comparable to that of RANKL180.
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12.3 Effect of albumin on binding kinetics of RANKI 13 with anti-Human Serum Albumin
Nanobody building block

An experiment was performed with wild type RANKL130NT (RANKL13-ALB-1-
RANKL13) and humanized RANKLO008a (RANKL13hum5-ALB-12-RANKL13hum5). In
this experiment a 100nM solution was passed over a chip with immobilized RANK-L. As
shown in Figure 8, the sensorgrams in the absence of albumin are comparable for both
molecules (wild type and humanized) suggesting that both molecules interact in a similar way
with immobilized RANKL. Subsequently a mixture was prepared (100nM of the Nanobody
with 500nM HSA) and passed over the chip. As the signal was significantly higher for the
complex, we conclude that both the wild type and humanized variants with anti-Human
Serum Albumin Nanobody building block are able to bind to RANK-L and albumin

simultancously.

12.4 Epitope mapping of RANKIL.13hum5 and RANKLI18humé.

In the past, experimental data were generated which supported the statement that
RANKLI13hum5 and RANKL I8hum6 bind to overlapping cpitopes. This obscrvation was
confirmed in a Biacore experiment. In these epitope mapping experiments the RANKL sensor
chip was first saturated with the first Nanobody (concentration of 500nM). After 120 seconds,
dissociation was allowed or a mixture containing the same concentration of the first
Nanobody together with 500nM ot the Nanobody to be tested was injected for 120 seconds. In
Figure 9 the sensorgrams for RANKIL.18humé and in Figure 10 the sensorgrams for
RANKLI13hum5 are shown. Only a slight increase in signal was observed upon injection of
the mixture afier saturation of the surface first with ¢ither RANKL13hum35 or RANKL18hum,
indicating that RANKL13hum5 and RANKL18hum6 bind to overlapping epitopes.

12.5 Inhibition of RANK -L induced differentiation of RAW?264.7 cells by formatted
humanized Nanobodies

RAW264.7 cells (ATCC) were maintained in DMEM containing 10% FBS. Cells
were resuspended in alphaMEM without phenol red containing 10% FBS, 0.1% sodium
pyruvate, 1% non essential amino acid and seeded at 2000 cells/well in a 96-well plate. A
dilution series of the (ormatted humanized Nanobodies was added (o the wells, Differentiation
to osteoclast-like cells was induced by adding 7.5 ng/mL RANKL (Peprotech, Rocky Hill,
NJ). The total tartrate-resistant phosphatase activity was measured in the supernatant after 4

days using paranitrophenylphosphate as substrate (Figure 11).
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12.6 Inhibition of RANK-L interaction with RANK by formatted humanized Nanobodies
96-well microtiter plates were coated overnight at 4°C with anti-Fc Nanobody PMP02
and blocked with Superblock T20 (PBS) blocking buffer. Different concentrations of
formatted humanized Nanobodies were preincubated with 200 ng/mL RANK-Fc and 5 ng/mL
RANK-L after which the mixtures were transferred to the coated wells. Bound RANK-L was
detected for 1h al room (emperature (RT) with a 1/100 diluion of Human
TRANCE/RANKL/TNFSF11 Biotinylated Affinity Purified polyclonal antibody (R&D
systems, Minneapolis, MN} in PBS containing 10% Superblock T20 (PBS) blocking buffer
followed by a 30 min incubation with horseradish peroxidase labeled streptavidin (1/5000 in
PBS containing 10% Superblock T20 (PBS) blocking buffer). Visualisation was performed
with 3,3",5,5'-tetramethylbenzidine (TMB) and hydrogen peroxide after which the coloring
reaction was stopped with 1N HCI. The absorbance was determined at 450nm. The inhibition

of the RANK-L interaction with RANK by the formatted humanized Nanobodics is shown in

Figure 12.

96-well microtiter plates were coated overnight at 4°C with human serum albumin
(HSA, 20 pg/mL in PBS). Wells were aspiraled and blocked with Superblock T20 (PBS)
blocking bufter. Wells were incubated for 1h at RT with a dilution series of RANKLO00O8a.,
Subsequently, bound RANKIL.008a was detected with a bivalent Nanobody coupled to

horseradish peroxidase. Visualisation was performed as described above (Figure 13).

12.8 Bifunctional binding of RANKI.008a to HSA and RANK-L
Two different ELISA formats were applied to measure a simultaneous binding of

RANKI008a to HSA and RANK-L.

In a first format, 96-wcll microtiter plates were coated overnight at 4°C with
neutravidin (2 ng/mL, PBS) and blocked with Superblock T20 (PBS) blocking buffer. Wells
were incubated with biotinylated RANK-L (0.5 pg/mL in PBS) after which a dilution series
of RANKLO008a was applied. Bound RANKLO008a was detected with horseradish peroxidase
labeled albumin (Genetex, San Antonio, TX; 1/6000). Visualisation was performed as
described above (Figure 14-A).

In a second format, 96-well microtiter plates were coated overnight at 4°C with HSA
(10 pg/mL, PBS) and blocked with Superblock T20 (PBS) blocking buffer. Subsequently, a
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dilution series of RANKL008a was applied. After 1h incubation at RT, bound RANKL008a
was detected with biotinylated RANK-L (5 ng/mL), followed by an incubation with

horseradish peroxidase labeled streptavidin (1/2000). Visualisation was performed as
described above (Figure 14-B).

Example 13: Pharmacokineties of formatted humanized Nanobodies in Balb/c mice after

a single intravenous or subcutaneous administration

A bolus dose of 100 pg of each Nanobody was administered to male Balb/c mice (8 to
12 weeks) (n=3), either intravenously into the tail or subcutancously. At a series of time
points, blood samples were collected.

Detection of the different Nanobodies was performed as follows:
Maxisorb microtiter plates (Nunc, Wiesbaden, Germany) were coated for 1 hr at room
temperature (RT) with 100 ul of a 5 ug/ml solution of Neutravidine (Pierce, Rockford, IL) in
PBS buffer. After coating, the plates were aspirated for 4 seconds and blocked (300 pl/well)
for 30 min at RT with Superblock T20 (Thermo Scientific Pierce Protein Research Products,
Rockford, IL). Plates were washed three times with PBS containing 0.05% Tween20. After
blocking, biotinylated human RANKL (0.25 pg/ml, 100ul/well} was captured for 1 hr at RT
(600 rpm). Dilution scrics of thc Nanobody standards (prcparcd in PBS/0.1% cascin) were
spiked into 100% pooled blank mouse serum (Harlan, Oxon, United Kingdom) and were then
further diluted 1/10 with PBS containing 0.1% casein (in scparate non-coated plate Nunc),
resulting in a final sample matrix consisting of 10% pooled mouse serum. Scrum samples
were treated in the same way. All pre-dilutions were incubated for 30 minutes at RT (600
rpm) in the non-coated plate. After the capturing step, the coated plates were washed three
times (PBS containing 0.05% Tween20), and an aliquot of each sample dilution (100 ul) was
transferred to the coated plate and allowed to bind for 1 hr at RT (600 rpm). After sample
incubation, the plates were washed three times (PBS containing 0.05% Tween20) and
incubated for 1 hr at RT with 100 pl of an in-house polyclonal rabbit anti-Nanobody antibody
(1 pg/ml, in PBS/0.1% casein). The plates were then washed three times (PBS containing
0.05% Tween20) and incubated with 100 pl of a 1/2000 dilution (in PBS with 0.1% casein) of
goat anti-rabbit HRP (DakoCytomation, Glostrup,Denmark). After incubation for 30 minutes

at RT (600 rpm), plates were washed three times (PBS containing 0.05% Tween20) and
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incubated for 10 minutes in the dark with 100 pl of es(HS)TMB (1/3 dilution in HRP Buffer;
SDT, Brussels, Belgium). After 10 minutes, the reaction was stopped with 100 W HCI (IN),
After 5 minutes, the absorbance of cach wecll was measured at 450 nm (Tecan Sunrisc
spectrophotometer; Ménnedorf, Switzerland), and corrected for background absorbance at 620
nm. Concentration in each serum sample was determined based on a sigmoidal standard curve
with variable slope.

After iv administration, the serum concentration-time profile of each mouse was
subjected to a two-compartmental pharmacokinetic analysis using the pre-programmed Model
number 7 within WinNonlin Professional Software Version 5.1 (Pharsight Corporation,
Mountain View California, USA). Calculated parameters for the individual Nanobodies are
shown in Table C-17.

After s¢ administration, the serum concentration-time profile of each mouse was
subjected to a one-compartmental pharmacokinetic analysis (with first order absorption) using
the pre-programmed Model number 3 (no lag time) or 4 (with lag time) within WinNonlin
Professional Software Version 5.1 (Pharsight Corporation, Mountain View California, USA).

Calculated parameters for the individual Nanobodies are shown in Table C-18.

Example 14: Pharmacokinetics and pharmacod ynamics of formatted humanized

Nanobodies in Cynomolgus Monkeys

Female cynomolgus monkeys were assigned to 17 groups, each group consisting of
three individuals aged approximately 24 months.

Animals were dosed as described in Table C-19. Nanobodies RANKIL008a,
RANKLOOIp and RANKLOO3p were administered at different doses (3mg/kg; 0.3 mg/kg;
0.03 mg/kg). Nanobody ALB-8 served as a negative control. Small molecule Ibandronate was
included as a positive control. Serum samples were taken for determination of the Nanobody
levels, antibody analysis, and analysis of the bone turnover marker serum N-telopeptide

(serum N-Tx).

14.1 Pharmacokinetics
Concentrations of RANKL008a were determined in plasma as follows:
96-wcll microtiter plates (Maxisorp, Nunc, Wicsbaden, Germany) were coated overnight at

4°C with 100 pL ncutravidin (2 pg/mL, Pierce, Rockford, IL). Wells were aspirated and
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blocked for 30 min at RT with 300 pL. SuperBlock®T20 PBS (Pierce, Rockford, IL). After 3
washing steps with PBS-0.05% Tween20, biotinylated RANKL (0.5 pg/mL in PBS-0.1%
casein-0.05% Tween20, in-house) was captured by incubating 100 pL for 1 hr at RT while
shaking at 600 rpm. After this incubation step, wells were washed 3 times with PBS-0.05%
Tween20. The standards, QC and predilutions of the test samples were prepared in a non-
coated (polypropylene) plate in 100% Cynomolgus monkey plasma and incubated for 30 min
al RT while shaking at 600rpm. A 1/10 dilution of the samples in PBS-0.1% casein-0.05%
Tween20 (final concentration of Cynomolgus monkey plasma is 10%) was transferred to the
coated plate and incubated for Th at RT while shaking at 600 rpm. After three washing steps
with PBS-0.05% Tween20, the plates were incubated with the purified in-house rabbit anti-
Nanobody polyclonal antibody (1 pg/mL in PBS-0.1% casein-0.05% Tween20, in-house,
Batch No. 15/05/06) for 1hr at RT while shaking at 600 rpm. After 3 washing steps with PBS-
0.05% Tween20, 100 pl horse radish peroxidase (HRP) labeled polyclonal goat anti-rabbit
(1/5000 in PBS-0.1% cascin-0.05% Tween20, DakoCytomation, Glostrup,Denmark; Article
No. P0448) was incubated for lh at RT while shaking at 600 rpm. Visualization was
performed covered from light for 10 min with 100 pL 3,3',5,5-tetramcthylbenzidine (esTMB,
SDT, Brussels, Belgium). This substrate was 1/3 diluted in substrate buffer. The substrate
buffer is a composition of 60% Na,HPO, (100mM) and 40% citric acid {(100mM). After 10
min, the colouring reaction was stopped with 100 pL IN HCl. The absorbance was
determined at 450 nm after a 10 sec shake in the Tecan ELISA reader, and corrected for
background absorbance at 620 nm. Concentration in each sample was determined based on a
sigmoidal standard curve.

Concentrations of RANKLO001p and RANKLO003p were determined as follows:
96-well microtiter plates (Maxisorp, Nunc, Wiesbaden, Germany; Article No. 430341) were
coated overnight at 4°C with 100 uL neutravidin (2 pg/mL, Pierce, Rockford, IL). Wells were
aspirated and blocked for 30 min at RT with 300 puL SuperBlock®T20 PBS (Pierce,
Rockford, IL). After 3 washing steps with PBS-0.05% Tween20, biotinylated RANKL (0.5
pg/mL in PBS-0.1% casein-0.05% Tween20, in-house) was captured by incubating 100 uL
for 1 hr at RT while shaking at 600 rpm. After this incubation step, wells were washed 3 times
with PBS-0.05% Tween20. The standards, QC and predilutions of the test samples were
prepared in a non-coated (polypropylene) plate in 100% Cynomolgus monkey plasma and
incubated for 30 min at RT while shaking at 600rpm. A 1/10 dilution of the samples in PBS-
0.1% casein-0.05% Tween20 + 10% Cynomolgus monkey plasma (final concentration of

Cynomolgus monkey plasma was 10%) was transferred to the coated plate and incubated for
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1h at RT while shaking at 600 rpm. After three washing steps with PBS-0.05% Tween20, the
plates were incubated with the purified in-house rabbit anti-Nanobody polyclonal antibody (1
pg/mL in PBS-0.1% casein0.05% Tween20, in-house) for 1hr at RT while shaking at 600
rpm. After 3 washing steps with PBS-0.05% Tween20, 100 ul horse radish peroxidase (HRP)
labeled polyclonal goat anti-rabbit (1/2000 in PBS-0.1% casein-0.05% Tween20,
DakoCytomation, Glostrup,Denmark) was incubated for 1h at RT while shaking at 600 rpm.
Visualization was performed covered [rom light for 10 min with 100 pL 3,3'5,5-
tetramethylbenzidine (undiluted esTMB, SDT, Brussels, Belgium). After 10 min, the
colouring reaction was stopped with 100 pl. IN HCI. The ahsorbance was determined at 450
nm after a 10 sec shake in the Tecan ELISA reader, and corrected for background absorbance
at 620 nm. Concentration in each sample was determined based on a sigmoidal standard
curve.

Individual plasma concentration-time profiles of all monkeys were subjected to a non-
compartmental pharmacokinetic analysis (NCA) using WinNonlin Professional Software
Version 5.1 (Pharsight Corporation, Mountain View California, USA). The pre-programmed
Model 200 or 201 was used after subcutancous and intravenous dosing rcspectively. The
AUC and derived PK-parameters were calculated by means of the linear-up/log down
trapezoidal rule. An overview of the calculated pharmacokinetic parameters is presented in

Tables C-20 to C-23.

14.2 Pharmacodynamics

Changes in bone resorption induced by the Nanobodies were assessed by assaying
serum NTx using immunoassays according to manufacturer’s instructions (Osteomark®NTx
serum, Wampole Laboratories).

Figures 15 and 16 represent the serum NTx concentration-time plots for the different
Nanobodies dosed at different amounts either intravenously or subcutancously.

All plasma concentration-time profiles of each Nanobody were fitted simultaneously
to the pharmacokinetic function that was minimally necessary to provide a reasonable
characterization of the concentration-time data. Only the plasma concentration-time profiles
of the monkeys devoid of significant immunogenicity were included in the analysis. A two-
compartmental pharmacokinetic model with both linear and non-linear clearance (rom the
central compartment was found to characterize the dose and time dependent

pharmacokinetics. In turn, these Nanobody-specific pharmacokinetic functions were used as
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an input function for the pharmacodynamic model to estimate the in vivo potency (ICs,) and
intrinsic activity (I,,,,) on serum NTx turnover.

The intrinsic activity (Imax) and potency (ICsp) of each Nanobody on the serum NTx
turnover was described using an indirect response model. The indirect response model was
parameterized with the half-life of serum NTx (t;,= 0.693/k,,) and a Nanobody-mediated
inhibition (Hill function) on the zero order production rate of NTx (Ki,). The Nanobodies
were assumed Lo inhibil Kix by means of a Hill equation parameterized with Inax, ICso and a
shape factor n. For each Nanobody a single set of PD parameters was estimated, except for
RANKTL003p where the turnover parameters (Kiy, Kou) were allowed to vary for each dose
level.

The obtained pharmacodynamic parameters of all Nanobodies are presented in Table
C-24. Although all three Nanobodies had similar intrinsic activity and mediated an almost
complete inhibition of serum NTx (Imax = 90), their potency was significantly different.
RANKL008a was found to be the most potent inhibitor of serum N'Tx synthesis, followed by
RANKLOOlIp and RANKLOO3p. RANKLOO3p had a tenfold lower potency than
RANKL0OO8a, The average serum N'Tx halt-lifc was approximately 1.6 hr,

Example 15: Cross-reactivity of RANKL 130, RANKL180, RANKL008a, RANKL001p
and RANKLO003p with TNF family members TNFa, CD40 ligand (CD40L) and TRAIL

The cross-reactivity of the anti-RANK-L Nanobodies with TNF family members
TNFa, TRAIL or to mouse RANK-L was tested in a competition ELISA. Human RANK-L
was coated on 96-well plates as described in Example 2. Nanobodies (100 pM) were
preincubated with varying concentrations of human RANK-L, mouse RANK-L, TNFa or
TRAIL (10 nM down to 13.7 pM) before they were added to the plates. Binding of the
Nanobodies to the RANK-L coated plates was only inhibited by exogenously added RANK-L
and was not affected by the addition of the other ligands (Figure 17).

Example 15. Administration of anti-RANK-L Nanobodies prevents bone loss and

maintains strength and quality in ovariectomized cynomolgus monkeys
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Osteopororis is characterized by low bone mass and microarchitectural deterioration of
bone tissue, with a consequent increase in fragility and susceptibility to fractures. Estrogen
depletion contributes to the low bone mass characteristic of postmenopausal osteoporosis.
Therefore, estrogen depletion has been used as a bone loss animal model for studying
osteoporosis therapies

One month after OVX or sham surgery, avoriectomized (OVX) cynomolgus monkeys
(cynos) (9 to 16 years old) are treated with vehicle or anti-RANK-L Nanobody for 16 months.
Sham controls are treated with vehicle. Effects on bone resorption and on bone mincral
density (BMD) upon administration of the anti-RANK-1. Nanobody are analysed.

After sacrifice, ex vivo DXA and pQCT scans are taken of the intact right femur, 13-
L4 vertebral bodies, and L5-L6 vertebral Smm cancellous cores. Destructive testing is
performed by 3-point bending of the femur diaphysis and humeral cortical beams, shearing of
the femur neck, and compression of the lumbar vertebral specimens.

The effects of the anti-RANK-L Nanobody on bone turnover at the histologic level,
and their relationships with bone strength are analysed as follows: Double flucrochrome
labels are injected prior to iliac and rib biopsies (at month 6 and 12), and prior to sacrifice.
Histomorphometry is performed on these biopsies, the tibial diaphysis, and cancellous bone in

L2 vertebra and the proximal femur.

Example 16. Construction and analysis of VHH-Fe¢ fusions

Nanobodies directed against RANK-L are cloned in a suitable vector to generate
genctic fusions to the CHI deleted Fc portion of human 1gG1 or of human 1gGG2. The hinge
regions linking thc Nanobody to Fc are derived either from IgG1 or 1gG2.

Plasmid constructs arc transfccted in cukaryotic cell lincs and Fc fusion is scereted
into the culture supernatant. Products are purified and analysed on a Coomassie stained gel.
Representative sequences are depicted in Table B-6 (SEQ ID NO’s: 774-789). Nanobody-
fusions are tested in FMAT competition binding assay, NF-kB reporter assay and TRACP 5b

osteoclast differentiation assays.
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TABLES

Table B-1: Preferred Nanobodies against RANK-L (inhibitors of RANK/RANK-L

interaction)

<Name, SEQ ID #; PRT (protein); ->
Sequence

>RANKL1 | 051 RANKL1cl25 | 9B1, SEQ ID NO: 560;PRT;->
EVOLVESGGGLVOAGGSLRLSCAVSGRTESSSTMAWEROPPGGERDEVASISTSGTRTLYADSVKGREFTISR
DNAKSTGYLOMNSLKPEDTAVYFCAAVNRRGWEFWRLASGYDYWGLGAQVTVSS

>RANKLZ | 051 RANKL2clb5 2B9, SEQ ID NO: 561;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGETESSYYMSWVRQAPGKGLEWVSSIYSDGSTTDYADSVKGRETISR
DNAKNTLNLOMNSLKSEDTAVYYCAKDANSGGLEYDYWGQGTQVTIVSS

>RANKL3 | 051 RANKL3cll 2G8, SEQ ID NO: 562;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIYNMAWEFROGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEYDYWGOGTQVTVSS

>RANKL4 | 051 RANKL4cl23 | 4F12, SEQ ID NO: 563;PRT;->
KVOLVESGGGLVOTGDSLRLSCAASGRAIGSYAMGWERQAPGKEREFVAVINYRGSSLKYADRVKGRFTISR
DNAKNMVYLOMNSLKPDDTAVYYCAAQTSGADFGTTPQRYTYWGOGTQVTVSS

>RANKLS | 051 RANKL5¢l10 | 4G8, SEQ ID NO: 564;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTIGCGHTMAWEFRQAPGKERDFVATITSSGSTIFYADSVKGREFTISR
DNGKKTMTLEMDSLKPEDTAVYYCAARIRGKVTVDNEDYAYWGOGTQVTVSS

>RANKL6 | 051 RANKLEc1S8 4H9, SEQ ID NO: 565;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
GKHTMYLOMNSZNPEDTAVYEFCAZRATDSIVYASSYRHWGQGTQVTVSS

>RANKL7 | 051 RANKL7c¢ll3 | 7B4, SEQ ID NO: 566;PRT;->
EVQLVESEGGPVQSGGSLRLSCAASGRTESVSTIAWEFRQAPGEGREFVAATIYPSGRNAYVADSVKGREFTISR
DNAKKTVYLOMNSLKPEDTAAYYCAAHOQPSCSYYSAEAYAYWGOQCTQVTVSS

>RANKLS8 | 051 RANKL8cl28 | 7E, SEQ ID NO: 567;PRT;->
EVOLVESGGGSVQPGGSLRLSCAASGGTESRYAMGWERQAPGKEREFVSATSVGGTYQYVVDSVKGRETISR
DNAESTVYLOMNSLKPEDTAVYYCAGDASPYGYLREYTATRZDYWGQGTQVTVSS

>RANKLY | 051 RANKLS9cl32 | B8All, SEQ ID NO: 568;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASISYYSTERAYTYWGQGTQVTVSS

>RANKL10 | RANKLPMP9B3 | 9B3, SEQ ID NO: 569;PRT;->
EVOLVESGGGLVOAGGSLRLSCAASGITESSRTMGWEROAPGKEREFVAATITPSSRTTYYADSVKGRFTISR
DNAKNTVLLOMNSLKPEDTAVYYCAAERTYGSNYTRPTAWNYWGOGTQVTIVSS

>RANKL11 | 051 RANKL1lcllé | 9F10, SEQ ID NO: 570;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTEFSSKTMGWERQPPGNEREFVAATTPTSRTTYVYADSVKGRFTISR
DNAKNTVSLOMNSLKEFEDTAAYYCVAVRRYGSPPHOGSSYEYWGQGTQVTVSS

>RANKL12 | 0b1 RANKL1Z2clZ | 9B6, SEQ ID NO: 571;PRT;->
EVQLVESGGGWMQAGGSLRLSCAASGRTFTMAWFROAPGKEREEFVAAITGSGRSTYYTDSVKGRETZSRDNA
KNTAY_QMKSLKPEDTAVYYCAGLRGLGLEYDSAKSYSYWGQGTQVTVSS

>RANKL13 | 051 RANKL13cll | 1C7, SEQ ID NO: 572;PRT;->
EVQLVESCTCLVQACCSLRLSCAASGCGRTFRSYPMCWERQAPCKEREFVASITGSCCSTYYADSVKCRETISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYILSRDYRKYDYWCQCTQVIVSS

>RANKL14 | 051 RANKL14cll | 6B8, SEQ ID NO: 573;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTSSYYTMSWERQDPGKEREFVAAVPLSGNTYYADPVRGRFTISRD
NAKNTADLOMNS _KPEDTAVYYCAARASGSIVNRGSYAYWGQGTQVIVSS

>RANKL15 | 051 RANKLl15cll | 725, SEQ ID NO: 574;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKEREFVTAISTGGSWTIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYI PRSERQYDYWGQGTQVIVSS

>RANKL16 | 051 RANKL16cll | 7G8, SEQ ID NO: 575;PRT;->
EVOLVESGGGLVQAGGSLRLSCVASRRTESSYAMGWERQVPGKERDEVAAISTGSITIYGDSVKGRETISRD
NAKNTVYLOMNS_KPEDTAVYYCAAGKREPYLRQYTASNPYDYWGOGTQVIVSS

>RANKL17 | 051 RANKL17cl’ | 9C2, SEQ ID NO: 576;PRT;->
EVQLVESGGGLVQVGDSLRLSCEASGRSRESTYVMGWEFRQAPGKEREFVAAVSWSSGNAYYIDSAKGREFATS
RDTAKNIMYLOMNSLKPEDTAVYTCAAGRGYGLLSEYTQAPRYDYWGQGTQVTVSS
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>RANKL18 | 051 RANKL18cll | 7F1l, SEQ ID NO: 577;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGREFTISR
DNAQNEPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTQVTVSS

>RANKL19 | 051 RANKL19clZ | 6C8, SEQ ID NO: 578;PRT;->
EVQLVESGGGLVQAGDSLRLSCAASGRTVIMGWEFROQAPGKEREEFVASITGSGSVINYADSVKGRET ZSRDNA
KNTVELOMNSLKPEDTAVYYCAAYLPSPYYSSYYDSTKYEYWGOGTQVTVSS

>RANKL20 | 051 RANKL2Jcll | 2F4, SEQ ID NO: 579;PRT;->
EVOLVESGGGLVQAGDSLRLSCAASGRTFTMGWFRQAPGTEREFVAAISGSGKITNYADSVKGRETISRDHA
ENTVF_OMDSLKPEDTAVYYCAGYLRSPYYSSFYDSAKYEYWGOQGTQVTVSS

>RANKL21 | 051 RANKLZ21lcll | 7C6, SEQ ID NO: 580;PRT;->
EVOLVESGGGLVQAGGSLRLSCVASRRTENSYAVGWEROVPGEERDEVAAISTGSVTIYADSVKGRETISRD
NAKNTVYLOMNS KPEDTAVYYCAAGNREPYLRQYTASNPYDYWGQGTQVTVSS

>RANKLZ2 | 051 RANKL2Zcl2 | 7D12, SEQ ID NO: 581;FPRT;->
EVOQLVESGGGLMQTGGSLRLSCAASERTSRNYGMGWEFRQAPGKEREFVAAITSAGGTTYYGD=VKGRFTISR
DSAKYTVYLOMNSLKPEDTAVYWCAAKLQIGGRWHNLNDYGYRGQGTQVTVSS

>RANKL23 | 051 RANKL23cll | 9H5, SEQ ID NO: 582;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGLTTVYTMAWFRQAPGKEREFVAAITRSGKTTYYADSVKGREFTISRD
NAKNTVNLOMNS _KPDDTAVYYCAAKALLGMTNPAGYEYWGQETQVTVSS

>RANKZPMP4B3, SEQ ID NO: 584 ;PRT;->
evglvesgggwmgaggs_rlscaasgrtftMAwfrgasgkerefvaAITGSGRSTYYTDSVKGritisrdna
kntaylgmkslkpedtavyycagLRCLCLEYDSAKSYSYwgggtgvtvss

>RANKLPMP2E1ll, SEQ ID NO: 585;PRT;->
EVXLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGQGTQVIVSS

>RANKLPMP2A6, SEQ ID NO: 586;PRT;->
evglvesggglvgaggs_rlscaasgltssRYTMSwirgdpgkerefvaAVPLSGNTYYADPVRGrftisrd
nakntvdlgmnslkpedtavyycaaRASGSIFNRGSYAYwgggtgvtvss

>RANKLPMP1F2, SEQ ID NO: 587;PRT;->
evglvesggglvpaggs_rlscaasgltdrRYTMSwirgdpgkerefvaAVPLSGNTYYADPVRGrftisrd
nakntvdlgmnslkpedtavyycaaRASGSIFNRGSYAYwgggtgvtvss

>RANKLPMP2D4, SEQ ID NO: 588;PRT;->
evglvesggglvpaggs_rlscaasgltdrRYIMSwirqgdpgkerefvaAVPLSGNTYYADPVRGrftisrd
nakntvdlgmnslkpedtavyycaaRASGSIFNRGSYAYwgggtgvtvss

>RANKLPMP7B2, SEQ ID NO: 589;PRT;->
evglvesggglvgaggs_rlscaaaggtfrNVVMGwirgapgkerefvtAISTGGSWIGYVDSVKDrftisr
dntkntvylgmaslkpedtavyycaaTMPATTYLPRSERQYDYwgggtgvtvss

>RANK_PMP/7A11l, SEQ ID NO: 590;PRT;->
evglvesggglvgaggs_tlscaaagftfrRYVMGwirgapgkerefvaAISTGCTWIGYVDSVKDrftisr
dntkntvylgmaslkpedtavyncaaTTPTTSYLPRSERQYEYwgggtgvtvss

>RANKZPMP7F1, SEQ ID NO: 591;PRT;->
evglvesggglvgaggs_rlscaaagctfrNVVMGwirgapgkerefvtAISTGGTWIGYVDSVKDrftisyr
dntkntvnlgmaslkpedtavyycaaTTPTTSY L PRSERQYEYwgqgtgvtvss

>RANKLPMP7H5, SEQ ID NO: 592;PRT;->
evqglvesggglvgaggs_rlscaaaggtfrNYVMGwirgqapgkerefvaAISTGGSWIGYVDSVKDrftisr
dntkntvylgmvslkpedtavyycaaTTPATTYILPRSERQYDYwgggtgvtvss

>RANKLPMP7E7, SEQ ID NO: 593;PRT;->
evglvesggglvgaggslrlscaaaggtfrNYVMCwirgapgkereZvtAISACCSWICYVDSVKDrftisr
dntkntvylgmaslkpedtavyycaaTTPATTYLPRSERQYDYwgggtgvtvss

>RANK_PMP7E2, SEQ ID NO: 594;PRT;->
evglvesggglvgaggs_rlscaaagytfrAVVMGwirgapgkerefvaGISTGGTWIGYVDSVKDrftisr
dntkntvylgmaslkpedtavyycaaTTPVTSYLPRSERQYEHwgqgtgvtvss

>RANKLPMP3H1C, SEQ ID NO: 595;PRT;->
evglvesggglvgsggs_rlscaaagytfrARAYVMGwirgapgkerefvaAISTGGTWTGYVIOSVKDrfti
srdntkntmylgmaslkpedtavyycaaTTPSTSYLPRSERQYEYwgggtgvtvss

>RANKLPMP7F9, SEQ ID NO: 596;PRT;->
evglvesggglvgaggs_rlscvasrrtfsSYAMGwErgvpgkerdZvaAISTGSITIYGDSVKGrftisrd
nakntvylgmnslkpedtavyycaaGKREPYLRQYTASNPYDYwgggtgvtvss

>RANKLPMP7EG, SEQ ID NO: 597;DRT;->
evglvesggglvgaggs_rlscvaskrtfaSYAMGwirqgvpgkerdfvaAITTGSITIYADSVKGrfaisrd
nakntvylgmnslkpedtavyycaaGNREPYLRQYTASNPYDYwgggtgvtvss
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>RANKLPMP4F4, SEQ ID NO: 598;PRT;->
evglvesggglvgvgds_rlsceasgrsrisSTYVMGwIrgapgkerefvaAVSWSSGNAYYIDSAKGrZIats
rdtaknimylgmnslkpedtavytcaaGRGYGLLSEYTQAPRYDYwgggtgvtvss

>RANK_PMP7B11, SEQ ID NO: 599;PRT;->
evglvesggglvgvgds_rlsceasgrsriSTYVMGwIrgapgkerefvaAISWSSGNAYYIDSAKGrEats
rdtaknimylgmnslkpedtavyscaaGRGYGLLSEYTQAARYDYwgggtgvtvss

>RANKLPMP9H9, SEQ ID NO: 600;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwEirgqapgkerefvgFITGSGGTTYVYGESVKGritisy
dnagnpvylgmnslkpedtavyycgvYRRTYZSSTYSESSEYDYwgggtgvtvss

>RANKLPMP9G3, SEQ ID NO: 601;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwErgqapgkerefvgFITGSGGTTYVYGESVKGritisy
dnagnhpvylgmnslkpedtavyycavYRRTY-SSTYNESSEYDYwgggtgvtvss

>RANKLPMPIE3, SEQ ID NO: 602;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwirqapgkerefvgFITGSGGTTYVGESVKGrZtisr
dnagnpvylgmnslkpedtavyycgvYRRTYZSSTYSESSEYDYwgggtgvtvss

>RANKLPMP7H9, SEQ ID NO: 603;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwirqapgkerefvgFITGSGGTTYVYGESVKGrftisr
dnagnpvylgmnslkpedtavyycgvYRRTYZSITYSESSDYDYwgqggtgvtvss

>RANK_PMP4C3, SEQ ID NO: 604;PRT;->
evglvesggglvgaggs_rlscaasgrtfsISAMGwirgqapgkerefveFITGSGGTTYVYGESVKGritisy
dnagnpvylgmnslkpedtavyycgvYRRTYZSSTYSESSEYDYwgggtgvtvss

>RANKZLPMPI9C6, SEQ ID NO: 605;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwirgapgkerefvgFITGSGGTTYVGESVKGritisy
dnagnpvylgmnslkpedtavyycgvYRRTY_SSTYSESSEYDYwgggtgvtvss

>RANKLPMP7Bl2, SEQ ID NO: 606;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwirgqapgkerefvgFITGSGGTTYYGESVKGritisr
dnagnpvylgmnslkpedtavyycgvYRRTYZSSTYSESSEYDYwgggtgvtvss

>RANKLPMP7G3, SEQ ID NO: 607;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwErgqapgkerefvgFITGSGGTTYVYGESVKGritisy
dnagnpvylgmnslkpedtavyycavYRRTYZSSTYNESSEYDYwgggtgvtvss

>RANKLPMPSC12, SEQ ID NO: 608;PRT;->
evglvesggglvgaggs_rlscaasgrtfsRSAMGwirqapgkerefvgFITGSGGTTYVGESVKGrftisr
dnagnpvylgmnslkpedtavyycgvYRRTYISSTYSESSEYDYwgqggtgvtvss

>RANKLPMP1D8, SEQ ID NO: 609;PRT;->
evglvesggglvgagds_rlscaasgriftMGwirgapgkerefvaAISGSGSITNYADSVKGrftisrdya
kttvZlgmnslkpedtavyycaaYVRTPYYSSYYDSTKYEYwgggtgvtvss

>RANK_PMP1A2, SEQ ID NO: 610;PRT;->
evglvesggglvgagds_rlscaasgrtftMGwirgapgkerefvaFISGSGSVINYTDSVKGrit_szdha
kntvZlgmnslkpedtavyycaaYLRCPYYSSEFYDSTKYEYwgggtgvtvss

>RANKZPMP1ES5, SEQ ID NO: 611;PRT;->
evglvesggglvgagds_rlscaasgrtftMGwirrapgterefvaSISGSGKITNYADSVKGritisrdha
knavZlqgmdglkpedtavyycaaYLRSPYYSSYYDSAKVEYwgqgtgvtvss

>RANKLPMP2B8, SEQ ID NO: 612;PRT;->
evglvesgggsvgagds_rlscaasgrtftMGwirqapgterefvaAISGSGKITNYADSVKGrftisrdha
mntvilgmdslkpedtavyycaaYLRSPYYSSYYDSAKYEYwgggtgvtvss

>RANKLPMP2C5, SEQ ID NO: 613;PRT;->
evglvesggglvgagds_rlscaasgrtftMCwirgapgterefvaAISCSCKITNYADSVKGritiszdha
kntvZlgmdslkpedtavyycaaYLRSPYYSSYYDSAKYEYwgQgtgvtvss

>RANK_PMP2R4, SEQ ID NO: 614;PRT;->
evglvesggglvgagds_rlscaasgrtftMGwirgapgterefvaAISGSGKITNYADSVKGritisrdha
kntvZIlgmdslkpedtavyycaaYLRSPYYSSYYDSAKVEYwgggtgvtvss

>RANK.PMP2A5, SEQ ID NO: 615;PRT;->
evglvesggglvgagds_rlscaasgrtftMGwirgqapgterefvaAISGSGKITNYADSVKGrftisrdha
kntvZlgmdslkpedtavyycaaYLRSPYYSSYYDSAKVYEYwgggtgvtvss

>RANK_PMP2D7, SEQ ID NO: 616;FPRT;->
evglvesggglvgagds_rlscaasgrtftMGwirgapgterefvaAISGSGKITNYADSVKGritisrdha
kntvZlgmdslkpedtavyycaaYLRSPYYSSYYDSAKVEYwgggtgvtvss

>RANKLDPMP2G4, SEQ ID NO: 617;DRT;->
evglvesggglvgagds_rlscaasgrtftMGwirqapgterefvaAISGSGKITNYADSVKGritisrdha
kntvZlgmdslkpedtavyycaaYLRSPYYSSYYDSAKVEYwgqgtgvtvss
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>RANKZLPMP7A8, SEQ ID NO: 618;DPRT;->
emglvesggglvgaggs_rlscvaskrtfaSYAMGwirgvpgkerdZvaAISTHSITVYADSVKGrftisrd
nakntvylgmntlkpedtavyycaaGNREPYLRQYTASNPYDYwgggtgvtvss

>RANK_PMP7A5, SEQ ID NO: 619;PRT;->
evglvesggglvgtggs_rlscvasrrtfsSYAVGwIirgvpgkerdfvaAISTGSVTIYADSVKGritisrd
ntkntvylgmnslkpedtavyycaaGNREPYLRQYTASNPYDYwgggtgvtvss

>RANKLPMP7F8, SEQ ID NO: 620;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTATISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLHMASLKPEDTAVYYCAATTPVTTYLPRSERQYDYWGQGTQVIVSS

>RANKLPMP7F6, SEQ ID NO: 621;PRT;->
EVOLVESGGGLVQAGDSLRLSCAAAGF TFRRYVMGWEFROAPGKEREFVAAISTGGTWTIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYNCAATTPTTSYI PRSERQYEYWGOGTQVTIVSS

Table B-2: Preferred Nanobodies against RANK-L (non-inhibitors of RANK/RANK-L

interaction)

<Name, SEQ ID #; PRT (protein); ->
Sequence

>RANKL3D4 | (51 RANKL3D4cl2 | 3D4, SEQ ID NO: 583;PRT;->
EVQLVEAGGGLVQAGDSLRLSCAASGRTIRGTMAWFRQAPGKDREFVATVTSSGSTTEFYADSVKGREFTISRD
NAENTVNLOMDSZKPEDTAVYYCAARIRGKVTPSNYDYAYWGQGTQVIVSS

Table B-3: Bivalent Nanbodies against RANK-L

<Name, SEQ ID #; PRT (protein); ->
Sequence

>RANKL3-9GS-RANKL3, SEQ -D NO: 622;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVEKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGEGSGGGIEVQLVESGCGKLVQAS
GSLRLSCAVSGRTSSIYNMAWFROQGPCGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYLOMNSLK
PEDTAVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL3-9GS-RANKLG6, SEQ ID NO: 623;PRT;->
EVOQLVESGGKLVQAGGSLRLSCAVSGRTSSIVYNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGOGTQVIVSSGGGGSGGGSEVOLVESGGGLMOTS
GSLRLSCAASGVIYSYYTASWFRQAPGKEREFVAAISPSCGNTYYADSVKGREFTISRONGKHTMYLOMNSLNP
EDTAVYFCAIRATDSIYYASSYRHWGOGTOVTVSS

>RANKL3-9GS-RANKLY, SEQ IZD NO: 624;PRT;-—>
EVOQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVTVSSGGEGSGGGIEVQLVESGGGLVQAS
GSLRLITCAASGRTFRSYAMGWEFRQAPGKEREFVARINYSGGSTNYADSVKGREFTISRDNAKNTLY LOQMNSLE
PEDTAVYYCAAGSGYASLSYYSTERAYTYWGOGTQVIVSS

>RANKL3-9GS-RANKL.3, SEQ ID NO: 625;PRT;->
EVOLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSILEYDYWGQGTQVIVSSGGGGSGGGSEVQLVESGGGLVQAS
GSLRLSCAASGRTFRSYPMGWFRQAPGCKEREFVASITGSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLR
PEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTQVTVSS

>RANKL3-9GS-RANKLL5, SEQ ID NO: 626;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESYVGRIYWSDONTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTEKWSLEY DYWGQGTQVIVSSGGEGSGEGESEVQLVESGGGLVQAG
GSLRLSCAAAGGTFRNYVMGWEFRQAPGKEREFVTAISTGGSWTIGYVDSVKDRFTISRDNTKNTVYLOMASLK
PEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVTVSS
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>RANKL3-9GS-RANKL.8, SEQ ID NO: 627;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGGGSGGGSEVOQLVESGGGLVOAT
GSLRLSCAASGRTFSRSAMGWEFROAPGKEREFVGTITGSGGTTYYGESVKGREFTISRDNAQNPVYLOMNSLK
PEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVIVSS

>RANKL6-9GS-RANKL3, SEQ ID NO: 628;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
GKHTMYLOMNS_NPEDTAVYEFCAZRATDSIVYASSYRHWGQGTQVTVSSGGGGSGGGSEVQLVESGGKLVY
AGGSIRLSCAVSGRTSSIYNMAWFRQGPGKGRESVGRIVWSDDNTYYADSVKGRFTISRDNATNTVYLOMNS
LKPEDTAVYYCAGKTTKWSLEYDYWGQGTOVTVSS

>RANKL6-9GS-RANKLG6, SEQ ID NO: 628;PRT;->
EVOLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWEROAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIVYASSYRHWGQGTOVIVSSGGGGSGGESEVQLVESGGGLMY
TCCSLRLSCAASCVIYSYYTASWFRQAPCKEREFVAAISEFSCNTYYADSVKCRFTISRDNCKHTMYLOMNSL
NPEDTAVYFCAIRATDSZYYASSYRHWGQGTQVTVSS

>RANKL6-9GS-RANKLY9, SEQ -D NO: 630;PRT;->
EVOLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWEFRQAPGKEREFVAATSPSGNTYYADSVKGRFTISRD
NGKHTMYLOMNS JNPEDTAVYEFCAZRATDSIVYASSYRHWGQGTOVIVS5GGGGSGGGSEVQLVESGGGLVY
AGGSILRLTCAASGRTEFRSYAMGWEFRQAPGKEREFVAAINYSGGSTNYADSVKGRFTISRDNAKNTLYLOMNS
LEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL6-9GS-RANKL.3, SEQ ID NO: 631;PRT;->
EVOLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIYYASSYRHWGOQGTOVIVSSGGGGSGGESEVQLVESGGGLVO
AGGSLRLSCAASGRTEFRSYPMGWFROAPGKEREFVASITGSGGSTYYADSVKGRFTISRDNAKNTVYLOMNS
LRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVTVSS

>RANKL6-9CS-RANKLLS, SEQ ID NO: 632;PRT;->
EVOQLVESGCTCLMOTCCSLRLSCAASGVTYSYYTASWERQAPCKEREFVAAISPSCNTYYADSVKCREFTISRD
NGKHTMYLOMNSZNPEDTAVYFCAZRATDSIVYASSYRHWGQGTQVTVS3GGGGSGGGSEVQLVESGGGLVY
AGGSIRLSCAAAGGTEFRNYVMGWEFRQAPGKEREFVTATISTGGSWTGYVDSVKDRFTISRDNTKNTVYLOMAS
LKPEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVTVSS

>RANKL6-9GS-RANKL.8, SEQ ID NO: 633;PRT;->
EVOLVESGGGLMQOTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIVYASSYRHWGQGTOVIVSSGGGGSGGESEVQLVESGGGLVY
AGGSILRLSCAASGRTESRSAMGWEFRQAPGKEREFVGEITGSGGTTYYGESVKGRFTISRDNAQNPVYLOMNS
LKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL9-9GS-RANKL3, SEQ ID NO: 634;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVEGRETISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVIVSSGGEGSGGGES
EVOQLVESGCTKLVQAGCCSLRLSCAVSGRTSSIVNMAWERQCPCKCRESVCGRIYWSDDNTYYADSVKCRETISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL9-9GS-RANKL6, SEQ ZD NO: 635;PRT;—>
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGCTQVIVSSGGEGSCCGSEVQLVESS
GGLMQTGGSLRLSCAASGVTYSYYTASWFRQAPGKEREFVAAISPSGNTYYADSVKGRFTISRDNGKHTMY L
OMNSINPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL91biv | RANKIL9-9GS-RANKLY9, SEQ ID NO: 636;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEROAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQAGGSLRLTCAASGRT "RSYAMGWFROAPGKEREFVAAINYSGGSTNYADSVKGRETISRDNAKNTLY
LOMNSEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVIVSS

>RANKL9-9GS-RANKL_3, 3EQ ID NO: 637;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOQVIVSSGGGGSGGGSEVQLVESSG
GGLVQAGGSLRLSCAASGRTIRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVRGREFTISRDNARKNTVY
LOMNS_RPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVTVSS

>RANKL9-9GS-RANKL.S5, SEQ ID NO: 638;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVOAGGSLRLSCAAAGGTZRNYVMGWFROAPGKEREFVTAISTGGSWIGYVDSVKDRFTISRDNTKNTVY
LOMAS_KPEDTAVYYCAATTPATTYLPRSERQYDYWGOGTQVTIVSS
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>RANKL9-9GS-RANKL.8, SEQ ID NO: 639;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVOAGGSLRLSCAASGRTZSRSAMGWFROAPGKEREFVGTITGSGCTTYYGESVKGRFTISRDNAQNPVY
LOMNS SKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVIVSS

>RANKL13-9GS-RANKL3, SEQ ID NO: 640;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGQGTQVIVSSGGGGSGGCSEVQLVESGS
KLVQAGGSLRLSCAVSGRTSSIYNMAWTROGPGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYL
OMNSILKPEDTAVYYCAGKTTKWSLEYDYWSQGTQOVTVSS

>RANKL13-9GS-RANKL6, SEQ ID NO: 641;PRT;->
EVOLVESGGGLVOAGGSLRLSCAASGRTFRSYPMGWEROQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYILSRDYRKYDYWGQGTOQVIVSSGGGGSGGCSEVQLVESGS
GLMQTCCSLRLSCAASCVTYSYYTASWROAPCKEREFVAAISPSCNTYYADSVKCREFTZSRDNGKHTMYLO
MNSLNPEDTAVYFCAIRATDSIYYASSYRHWGQGTQVTVSS

>RANKL13-9GS-RANKLY, SEQ ID NO: 642;PRT;->
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTQVIVSSGGGGSGGGSEVOLVESGG
GLVQAGGSLRLTCAASGRTFRSYAMGW=ROAPGKEREFVAAINYSGGSTNYADSVKGRFTISRONAKNT YL
OMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL131 | RANKL13-9GS-RANKL13, SEQ ID NO: 643;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTOVIVSSGGGGSGGGSEVOLVESGS
GLVQAGGSLRLSCAASGRTFRSYPMGW=ROAPGKEREFVASITGSGGSTYYADSVKGRFTISRONAKNTVYL
OMNSIRPEDTAVYSCAAVIRPDTYLSRDYRKYDYWGOGTQVTVSS

>RANKL13-9CS-RANKL15, SEQ ID NO: €4%;PRT;->
EVOQLVESGCTCLVQAGCCSLRLSCAASGRTFRSYPMCWERQAPCKEREFVASITGSCCSTYYADSVKCRETISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGOGTQVIVSSGGGGSGGGSEVQLVESGG
GLVQAGGSLRLSCAAAGGTFRNYVMGW="ROAPGKEREFVTAISTGGSWTGYVDSVKDORFTISRONTKNTVYL
OQMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGOGTQVTVSS

>RANKL13-9GS-RANKL18, SEQ ID NO: €45;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYILSRDYRKYDYWGQGTQVIVSSGGGGSGCCSEVQLVESGS
GLVQAGGSLRLSCAASGRTFSRSAMGWROAPGKEREFVGFITGSGGTTYYGESVKGRFTISRDNAQNPVYL
QOMNSILKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTIVSS

>RANKL15-9GS-RANKL3, SEQ ID NO: 646;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVEDRETISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYI PRSERQYDYWGOGTQVIVSSGGGGSGGGSEVQLVESGS
KLVQACGSLRLSCAVSCRTSS IYNMAWTROCPCKCRESVCRIYWSDDNTYYADSVKCREFTISRONATNTVYL
OMNSIKPEDTAVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL15-9GS-RANKL6, SEQ ID NO: 647;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGQGTQVIVSSGGGESGECSEVQLVESGS
GLMQTGGSLRLSCAASGVTYSYYTASWROAPGKEREFVAAISPSCGNTYYADSVKGREFTZSRDNGKHTMYLQ
MNSLNPEDTAVYFCAIRATDSIYYASSYRHWGQGTOVTVSS

>RANKL15-9CS-RANKLYS, SEQ ID NO: 648;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWEROAPGKEREFVTAISTGGSWIGYVDSVKDREFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGQGTQVIVSSGGGGSGGGSEVQLVESGS
GLVQAGGSLRLTCAASGRTFRSYAMGW"ROAPGKEREFVAAINYSGGSTNYADSVKGREFTISRONAKNT YL
OMNSILEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTIVSS

>RANKL15-9GS-RANKL13, SEQ ID NO: €49;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWTGYVDSVEDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGOGTQVIVSSGGGGSGGGSEVQLVESGS
GLVQAGGSLRLSCAASGRTFRSYPMGWROAPGKEREFVASITGSGGSTYYADSVKGREFTISRONAKNTVYL
OMNSILRPEDTAVYSCAAYIRPDTYLSRDYRKVYDYWGQGTQVTVSS

>RANKL15-9GS-RANKL15, SEQ ID NO: 6503;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGOGTQVIVSSGGGGSGGGSEVOLVESGS
GLVOAGGSLRLSCAAAGGTFRNYVMGW=ROAPGKEREFVTAISTGGSWTGYVDSVKORFTISRDNTKNTVYL
OMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGOGTQVTVSS
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>RANKL15-9GS-RANKL18, SEQ ID NO: 651;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVEDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGOGTOVIVSSGGGGSGGGSEVOLVESGS
GLVOAGGSLRLSCAASGRTFSRSAMGW=ROAPGKEREFVGFITGSGGTTYYGESVKGRFTISRONAQNPVYL
OMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL18-9GS-RANKL3, SEQ ID NO: 652;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGREFTISR
DNAQNEVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGCTQVIVSSGGGGSGCCGSEVQLVESS
GKLVQAGGSLRLSCAVSGRTSSIYNMAWFROQGPGKGRESVGRIYWSDDNTYYADSVKGRETISRDNATNTVY
LOMNS_KPEDTAVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL18-9GS-RANKL6, SEQ ID NO: 653;PRT;->
EVOLVESGGGLVOAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQONEPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGCTOVIVSSGGGGSCCGSEVQLVESS
COLMOTCGSLRLSCAASCVIYSYYTASWFROAPCKEREFVAAISPSCNTYYADSVKCREFTISRONCKHTMY L
OMNSILNPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL18-9GS-RANKLY, SEQ ID NO: 654;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTESRSAMGWERQAPGKEREFVGEITGSGGTTYVYGESVEKGRFTISR
DNAONPVYLOMNSLKPEDTAVYYCGVYRRTY ZSSTYSESSEYDYWGQGTOVTVSSGGGGSGGGSEVQLVESG
GGLVQAGGSLRLTCAASGRTZRSYAMGWFRQAPGKEREFVAAINYSGGSTNYADSVKGREFTISRDNAKNTLY
LOMNS_EPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL18-9GS-RANKL13, SEQ ID NO: 6£55;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAONPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGOGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQOAGGSLRLSCAASGRTZRSYPMGWFROAPGKEREFVASITGSGGSTYYADSVKGREFTISRDNAKNTVY
LOMNS_RPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTQVTVSS

>RANKL18-9CS-RANKL15, SEQ ID NO: €56;PRT;->
EVOQLVESGCTCLVQAGCCSLRLSCAASGRTESRSAMCWERQAPCKEREFVGEITGSCCTTYYGCESVKCREFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTQVTVSSGGGGSGGGSEVQLVESG
GGLVQAGGSLRLSCAAAGGTRNYVMGWFRQAPGKEREFVTAISTGGSWTGYVDSVKDRETISRDNTKNTVY
LOMAS _KPEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVIVSS

>RANKL181 | RANKL18-9GS-RANKL18, SEQ ID NO: 657;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQONEPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGCTOVIVSSGGGGSCCGSEVQLVESS
GGLVQAGGSLRLSCAASGRTFSRSAMGWFROAPGKEREFVGTITGSGCTTYYGESVKGREFTISRDNAQNPVY
LOMNS_KPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVIVSS

>RANKL3-20GS-RANKL3, SEQ ID NO: 658;PRT;->
EVOQLVESGGKLVQAGGSLRLSCAVSGRTSS IYNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGRETISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTEKWSLEY DYWGQGTQVIVSSGGEGSGEGGSGEGEGEGEGGSEVQL
VESCCKLVQAGCCSLRLSCAVSCRTSSIYNMAWFROQGPCKGRESVGRIYWSDDNTYYADSVKCRETISRDNAT
NTVYILOQMNSLKPEDTAVVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL3-20GS-RANKL6, SEQ ID NO: 659;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWEFROGPGKGRESVGRIYWSDDNTYVYADSVKGRETISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGEGSGEEESGGEESGGGGSEVQL
VESGGGLMQTGGSLRLSCAASGVTYSYYTASWFRQAPGKEREFVAATISPSGNTYYADSVKGRFTISRDNGKH
TMYLOMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL3-20CS-RANKLY9, SEQ ID NO: 660;PRT;->
EVOLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWEROGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGEGSGGGGESGGEESGGGEGES
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEFRQAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL3-20GS-RANKL13, SEQ ID NO: €ol;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVEKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGEGSGEGEGE5GEEGSGEGGSEVQL
VESGGGLVQAGGSLRLSCAASGRTFRSYPMGWEFRQAPGKEREEFVASITGSGGSTYYADSVRGRETISRDNAK
NTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVIVSS

>RANKL3-20GS-RANKL15, SEQ ID NO: 662;PRT;->
EVOLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDONTYYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGOGTQVIVSSGGEGSGGGGESGGGESGGGGSEVQL
VESGGGLVOAGGSLRLSCAAAGGTFRNYVMGWEFROAPGKEREFVTAISTGGSWTIGYVDSVKDRETISRDNTK
NTVYLOMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGOQGTOVIVSS
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>RANKL3-20GS-RANKL18, SEQ ID NO: 663;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGOGTQVIVSSGGEGSGGGGESGGGESGGGGSEVQL
VESGGGLVOAGGSLRLSCAASGRTFSRSAMGWEFROAPGKEREFVGFITGSGGTTYYGESVKGRETISRDNAQ
NPVYLQMNSLKFEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL6-20GS-RANKL3, SEQ ID NO: 664;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
GKHTMYLOMNSZNPEDTAVYEFCAZRATDSIVYASSYRHWGQGTQVTVSSGGGGSGGEGSGECEGSGGGGSEY
QLVESGGKLVQAGGSLRLSCAVSGRTSSIYNMAW=ROGPCGKGRESVGRIYWSDDNTYYADSVKGREFTISRDN
ATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEYDYWGQGTQVTVSS

>RANKL6-20GS-RANKL6, SEQ ID NO: 665;PRT;->
EVOLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWEROAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIVYASSYRHWGQGTOVIVSSGGGGSGGEGSGGGGSGGGGSEY
QLVESCGCLMOTGCCSLRLSCAASCVTYSYYTASW=ROAPCKEREFVAAISPSCNTYYADSVKCRETISRDNG
KHTMY_OMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGQGTOVTVSS

>RANKL6-20GS-RANKLY, SEQ ID NO: 666;PRT;->
EVOLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWEFRQAPGKEREFVAATSPSGNTYYADSVKGRFTISRD
NGKHTMYLOMNS O NPEDTAVYEFCAZRATDSIYYASSYRHWGQGTOVTVSSGGGGESGGELGSGGGESGGEGSEY

QLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGW=RQAPCKEREFVAAINYSGGSTNYADSVKGRETISRON
AKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL6-20GS-RANKL13, SEQ ID NO: 667;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWFRQAPGKEREFVAAISPSGNTYYADSVKGRFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIVYASSYRHWGOGTOVIVSSGGGGSGGEGSGGGGSGGEGSEY
QLVESGGGLVOAGGSLRLSCAASGRTFRSYPMGW=RQAPCGKEREFVASITGSGGSTYYADSVKGRETISRON
AKNTVYLOMNSIRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVTVSS

>RANKL6-20CS-RANKL15, SEQ ID NO: €68;PRT;->
EVOQLVESGCTCLMQTCCSLRLSCAASGVTYSYYTASWERQAPCKEREFVAATISPSCNTYYADSVKCRETISRD
NGKHTMYLOMNSZNPEDTAVYFCAZRATDSIVYASSYRHWGQGTQVTVSSGGGGSGGGGSGGGGSGGGGSEV

QLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGW "ROAPGKEREFVTAISTGGSWTGYVDSVKOREFTISRON
TENTVYLOMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVIVSS

>RANKL6-20GS-RANKL18, SEQ ID NO: €69;PRT;->
EVOLVESGGGLMQOTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIVYASSYRHWGQGTQVIVSSGGGGSGGEGSGGEGESGGGEES
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWEFRQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTQVTVSS

>RANKL9-20GS-RANKL3, SEQ ID NO: 670;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVEGRETISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGEGSGGGGSGGGGESGE
CCSEVQLVESCCKLVOACGSLRLSCAVSGRTSS IYNMAWFRQCPCKCRESVORIYWSDDNTYYADSVKCRET
ISRDNATNTVYIQMNSLKPEDTAVVYCAGKTTKWSLEYDYWGOGTQVTVSS

>RANKLI9-20GS-RANKL6, SEQ ID NO: 671;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNARKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGOGTQVIVSSGGEGSGGGGSGGEESGE
GGSEVQLVESGGGIMOTGGSLRLSCAASGVTYSYYTASWEFRQAPGKEREFVAATISPSGNTYYADSVKGRETI
SRDNGKHTMYLOMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL92biv | RANKI9-20GS-RANKLS, SEQ ID NO: 672;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEROAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGEGSGGGGSGGGGSGE
GGSEVQLVESGGGLVOAGGSLRLTCAASGRTFRSYAMGWEFRQAPGKEREEFVAAINY SGGSTNYADSVKGRET
ISRDNAKNTLYILQMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVIVSS

>RANKL9-20GS-RANKL13, SEQ ID NO: €73;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVEKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVIVSSGGEGSGGGGESGGGGESGE
GGSEVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREEFVASITGSGGSTYYADSVKGRET
ISRDNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTOVIVSS

>RANKL9-20GS-RANKL15, SEQ ID NO: 67%4£;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGGSGGGGESGT
GGSEVOLVESGGGLVOAGGSLRLSCARAAGGTFRNYVMGWEFROAPGKEREFVTAISTGGSWIGYVDSVKDRET
ISRDNTKENTVYLOMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGOQGTOVIVSS
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>RANKL9-20GS-RANKL18, SEQ ID NO: 675;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGGSGGGGESGT
GGSEVOLVESGGGLVOAGGSLRLSCAASGRTEFSRSAMGWEFROAPGKEREFVGEFITGSGGTTYYGESVKGRET
ISRDNAQNPVYLOMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL13-20GS-RANKL3, SEQ ID NO: £76;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGQGTQVIVSSGGGGESGECE3GGGGESGGE
GSEVQLVESGGKLVQAGGSLRLSCAVSGRTSSIYNMAWFRQGPGKGRESVGRIYWSDODNTYYADSVKGRETI
SRDNATNTVYLOMNSLKPEDTAVYVCAGKTTKWSLEYDYWGQGTOVTIVSS

>RANKL13-20GS-RANKLE, SEQ ID NO: €77;PRT;->
EVOLVESGGGLVOAGGSLRLSCAASGRTFRSYPMGWEROQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYILSRDYRKYDYWGQGTQVIVSSGGGGSGCCGSGGGGSGGE
CSEVQLVESGCCCIMOTCCSLRLSCAASCVIYSYYTASWFROQAPCKERE=VAAZSPSCNTYYADSVKCRETIS
RDNGKHTMYLOMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL13-20G5-RANKLY, SEQ ID NO: €78;PRT;->
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTQVIVSSGGGGSGGGGSGGGGSGEE
GSEVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWFRQAPGKEREFVAAINY SGGSTNYADSVKGRETI
SRDNAKNTLYLOMNSLEPEDTAVYVCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL13-20GS-RANKL13, SEQ ID NO: 679;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTOVIVSSGGGGSGGGGSGGGGSGGT
GSEVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWFRQAPGKEREFVASITGSGGSTYYADSVKGRETI
SRDNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVTVSS

>RANKL13-20CS-RANKL15, SEQ ID NO: 680;PRT;->
EVOQLVESGCTCLVQAGCCSLRLSCAASGRTFRSYPMCWERQAPCKEREFVASITGSCCSTYYADSVKCRETISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGOGTQVIVSSGGGGSGGGG5GGGGSGGEE
GSEVQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWFRQAPGKEREFVTAISTGGSWIGYVISVKDRETI
SRDNTKNTVYLOMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVTVSS

>RANKL13-20GS-RANKL18, SEQ ID NO: 681;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYILSRDYRKYDYWGQGTQVIVSSGGGGSGCCGSGGGGSGGE
GSEVQLVESGGGLVQAGGSLRLSCAASGRTFSRSAMGWFRQAPGKEREFVGFITGSGGTTYYGESVKGRETI
SRDNAQNPVYLQOMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL15-20GS-RANKL3, SEQ ID NO: 682;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVEDRETISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGOGTQVIVSSGGGESGGEGSGGGGSGGEE
GCSEVQLVESCCKLVQACGSLRLSCAVSCRTSS IYNMAWFRQCPCKCRESVORIYWSDDNTYYADSVKGRETI
SRDNATNTVYLOMNSLKPEDTAVYVCAGKTTKWSLEYDVWGQGTQVTVS 3

>RANKL15-20GS-RANKLE, SEQ ID NO: €683;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVKDREFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGQGTQVIVSSGGGESGGEGIGGGGESGGEE
GSEVQLVESGGGIMOTGGSLRLSCAASGVTYSYYTASWFRQAPGKEREFVAAISPSGNTYYADSVKGRETIS
RDNGKHTMYLOMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGOGTQVTVSS

>RANKL15-20CS-RANKLS, SEQ ID NO: €8%;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWEROAPGKEREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGQGTQVIVSSGGGGESGGGGSGGGGSGGE
GSEVQ_LVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEFRQAPGKEREFVAAINY SGGSTNYADSVKGRETI
SRDNAKNTLYLOMNSLEPEDTAVYVCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL15-20GS-RANKL13, SEQ ID NO: 685;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWTGYVDSVEDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYILPRSERQYDYWGOGTQVIVSSGGGESGGGEGSGGGGESGGE
GSEVQ_VESGGGLVQAGGSLRLSCAASGRTFRSYPMGWFRQAPGKEREFVASITGSGGSTYYADSVKGRETI
SRDNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVTVSS

>RANKL15-20GS-RANKL15, SEQ ID NO: 686;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTYIL PRSERQYDYWGOGTQVIVSSGGGGESGGGGSGGEGSGGT
GSEVQOLVESGGGLVOAGGSLRLSCAAAGGTFRNYVMGWFROAPGKEREFVTAISTGGSWIGYVISVKDRETI
SRDNTKNTVYLOMASLKPEDTAVYVCAATTPATTYLPRSERQYDYWGQGTOVTVSS
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>RANKL15-20GS-RANKL18, SEQ ID NO: 687;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVEDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY_ L PRSERQYDYWGOGTOVIVSSGGGGSGGGGSGGEGSGGT
GSEVQOLVESGGGLVOAGGSLRLSCAASGRTFSRSAMGWFROAPGKEREFVGEFITGSGGTTYYGESVKGRETI
SRDNAQNPVYLOMNS LKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

>RANKL18-20GS-RANKL3, SEQ ID NO: 688;PRT;->

EVQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWEFRQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNEVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTQVIVSSGGEGSGCCGEGSGGGEGESGE
GGSEVQLVESGGKLVQAGGSLRLSCAVSGRTSSIYNMAWFRQGPGKGRESVGRIYWSDDNTYYADSVKGRET

ISRDNATNTVYILOMNSLKPEDTAVYYCAGKTTKWSLEYDYWGQGTQVTIVSS

>RANKL18-20GS-RANKLE, SEQ ID NO: €89;PRT;->
EVOLVESGGGLVOAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQONEPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTOVIVSSGGEGSGCCGGSGGGGSGE
CCSEVQLVESCCGLMOTCCSLRLSCAASCVTYSYYTASWEFROQAPCKEREFVAAISPSGNTYYADSVKGRETI
SRDNGKHTMYLOMNSLNPEDTAVYFCAIRATDSIYYASSYRHWGOGTOVTVSS

>RANKL18-20G5-RANKLY, SEQ ID NO: 690;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTESRSAMGWERQAPGKEREFVGEITGSGGTTYVYGESVEKGRFTISR
DNAONPVYLOMNSLKPEDTAVYYCGVYRRTY ZSSTYSESSEYDYWGQGTOVTVSSGGGGSGGGESGGGEESEE
GGSEVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEFRQAPGKEREEFVAAINY SGGSTNYADSVKGRET
ISRDNAKNTLYLOMNSLEPEDTAVVYCAAGSGYASLSYVYSTERAYTYWGQGTQVIVS3S

>RANKL18-20GS-RANKL13, SEQ ID NO: 691;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAONEPVYLOMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQOGTOVIVSSGGGGSGGGGSGGGGESGT
GGSEVQLVESGGGLVOAGGSLRLSCAASGRTFRSYPMGWEFRQAPGKEREEFVASITGSGGSTYYADSVKGRET
ISRDNAKNTVYILQOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQOVTIVSS

>RANKL18-20CS-RANKL15, SEQ ID NO: 692;PRT;->
EVOLVESGCTCLVQACCSLRLSCAASGRTEFSRSAMCWEFROQAPCKEREFVCEFITCSCCTTYYGCESVKGREFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTQVTVSSGGGGSGGGGSGGGGSGG
GGSEVQLVESGGGLVQAGGSLRLSCARAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWTGYVDSVKDRET
ISRDNTENTVYLQOMASLKPEDTAVYYCAATTPATTYLPRSERQYDYWGQGTQVITVSES

>RANKL182biv | RANKL18-20GS-RANKL18, SEQ ID NO: 693;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQONEPVYLOMNSLKPEDTAVYYCGVYRRTYZSSTYSESSEYDYWGQGTOVIVSSGGEGSCCGGSGGGGSGE
GGSEVQLVESGGGLVQAGGSLRLSCAASGRTFSRSAMGWEFRQAPGKEREEFVGFITGSGGTTYYGESVKGRET
ISRDNAQNPVYILQOMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVIVSS

RANKL133 | RANKL13-30GS-RANKL13, SEQ ID NO: 766;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRETISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTQVIVSSGGGGSGGEGESGEGGSGGEE
CSCGCCCSCUCCSEVQLVESCOCLVQACGSLRLSCAASCRTFRSYPMCWFROQAPCGKEREFVASITGSGOGSTYY
ADSVKGREFTISRDNAKNTVYLOMNSLRPEDTAVYSCAAVIRPDTYLSRDYRKYDYWGQGTQVTVS

RANKL183biv | RANKL18-30GS-RANKL18, SEQ ID NO: 767;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTYISSTYSESSEYDYWGOGTOQVIVSSGGGGSGGGGSGGGEESGE
GGSGGGGSGGGESEVQLVESGGELVOAGGSLRISCAASGRTSREAMGWEFRQAPGKEREFVGTITGSGGTTY
YGESVKGRETISRONAQNPVYLOMNS KPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTQVTVSS

RANKIL93biv | RANKLO9-30GS-RANKLY, SEQ ID NO: 770;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEROQAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGCGGGSGGGGSGE
GGSGGEGEEESEGEESEVOLVESGGELVQAGGSLRLITCAASGRTRSYAMGWERQAPGKEREFVARINYSGGSTN
YADSVKGRETISRONAKNTLYLOMNSEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS

RANKIL94biv | RANKL9-15GS-RANKLY, SEQ ID NO: 771;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGGSGGGGESEY
QLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWEFRQAPGKEREFVAAINY SGGSTNYADSVKGRETISRDN
ARKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTQVTVSS
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Table B-4: Trivalent bispecific Nanbodies against RANK-L

<Name, SEQ ID #; PRT (protein); ->
Sequence

>RANKL30 | RANKL3-ALB1-RANKL3, SEQ ID NQ: 694;PRT;->
EVOLVESGGKLVQAGGSLRLSCAVSGRTSS IYNMAWFROGPGKGRESVGRIYWSDDNTYYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGGGSGGGSEVQLVESGGGLVOQPG
NSLRLSCAASGFTFRSEFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVEGRFTISRDNAKTTLYLOMNSLK
PEDTAVYYCTICGSLSRSSQCTOVIVSSCUCGSCCGOSEVQLVESCCKLVQATCSIRLSCAVSCRTSSIYNMA
WERQGPGKGRESVGRIYWSDDNTYYADSVKGRFTISRDNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY
DYWGQGTQVTVSS

>RANKL3-ALB1-RANKL6, SEQ ID NO: 685;PRT;->
EVQLVESGCTKLVQAGCCSLRLSCAVSGRTSSIVNMAWERQCPCKCRESVCRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQPG
NSLRLSCAASGEFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLY LOQMNSLK
PEDTAVYYCTIGGSLSRSSQGTOVIVSSGLGGSGGGSEVQLVESGGGIMOTGGS JRLSCAASGVTYSYYTAS
WERQAPGKEREFVAAISPSGNTYYADSVKGREFTISRDNGKHTMYLOMNSLNPEDTAVYFCAIRATDSIYYAS
SYRHWGQGTQVTIVSS

>RANKL3-ALB1-RANKLY9, SEQ ID NO: 686;PRT;->
EVOQLVESGGKLVQAGGSLRLSCAVSGRTSSIVYNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGQGTQVIVSSGGGGSGGGSEVQLVESGGGLVOQPG
NSLRLSCAASGEFTFRSEFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNSLK
PEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMG
WERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISRDNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSY
YSTERAYTYWGQGTQVTVSS

>RANKL3-ALB1-RANKL13, SEQ ID NO: €397;PRT;->
EVOQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYVYADSVKGRFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTEKWSLEY DYWGQGTQVIVSSGGGEESGGGSEVQLVESGGGLVQPG
NSLRLSCAASGEFTFRSEFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVEKGRFTISRDNAKTTLY LOMNSLK
PEDTAVYYCTIGGSLSRSSQGTOVTVSSGGGESGEGSEVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMG
WERQAPGKEREFVASITGSGG3TYYADSVKGRFTISRDNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLS
RDYRKYDYWGQGTQVTVSS

>RANKL3-ALB1-RANKL15, SEQ ID NO: 698;PRT;->
EVOLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWEROGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEY DYWGOGTQVIVSSGGGGSGGGSEVOLVESGGGLVOPG
NSLRLSCAASGFTFRSEFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVEGRFTISRDNAKTTLYLOMNSLK
PEDTAVYYCTIGGSLSRSSQGTOVIVSS5GGGGSGGGSEVQLVESGGGLVQAGGS LRLSCAAAGGTFRNYVMG
WERQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISRDNTKNTVYLOMASLKPEDTAVYYCAATTPATTYLP
RSERQYDYWGOGTQVTVSS

>RANKL3-ALB1-RANKL18, SEQ ID NO: 699;PRT;->
EVQLVESGGKLVQAGGSLRLSCAVSGRTSSIVNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISR
DNATNTVYLOMNSLKPEDTAVYYCAGKTTKWSLEYDYWGQGTOVTVSSGGGGSGGGSEVQLVESGGGLVOPG
NSLRLSCAASGEFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVEKGRFTISRDNAKTTLYLOMNSLK
PEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTFSRSAMG
WERQAPGKEREFVGFITGSGGTTYYGESVKGRFTISRDNAQNPVYLOMNSLKPEDTAVYYCGVYRRTHISST
YSESSEYDYWGQGTQVTVSS

>RANKL6-ALB1-RANKL3, SEQ ID NO: 700;PRT;->
EVOLVESGGGLMQOTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAAISPSGNTYYADSVKGRFTISRD
NGKHTMYLOMNS _NPEDTAVYFCA_RATDSIYYASSYRHWGQGTOVIVSSGGGGSGGGSEVQLVESGGGLYVY
PGNSIRLSCAASGEFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLOMNS
LEKPEDTAVYYCTIGGSLSRSSQGTQVTVSSGGGGSGGGSEVOLVESGGKLVOAGGSLRLSCAVSGRTSSIYN
MAWFRQGPGKGRESVGRIYWSDDNTYYADSVKGRFTISRDNATNTVYLOMNSLKPEDTAVYYCAGKTTKWS L
EYDYWGQGTQVTIVSS

>RANKL60 | RANKL6-ALB1-RANKL6, SEQ ID NC: 701;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAAISPSGNTYYADSVKGREFTISRD
GKHTMYLOMNSZNPEDTAVYFCAZRATDSIYYASSYRHWGQGTQVTVSSGGGGSGGGIEVQLVESGGGLVY
PGNSIRLSCAASGFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNS
LKPEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLMOTGGSLRLSCAASGVTYSYYT
ASWFRQAPGCKEREFVAAZSPSGNTYYADSVKGRFTISRDNGKHTMYLOMNSLNPEDTAVYEFCAIRATDSIYY
ASSYRHWGQGTQVTVSS
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>RANKL6-ALB1-RANKLYS, SEQ ID NO: 702;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAAISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIYYASSYRHWGQGTOVIVSSGGGGSGGGSEVQLVESGGGLVY
PGNSIRLSCAASGEFTFRSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNS
LKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLTCARSGRTFRSYA
MGWFRQAPGKEREFVAATINYSGGSTNYADSVKGRETISRDNAKNTLY ZQMNSLEPEDTAVYYCAAGSGYASL
SYYSTERAYTYWGQGTQVTVSS

>RANKLG-ALB1-RANKL13, SEQ ID NO: 703;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAATISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS_NPEDTAVYFCAZRATDSIYYASSYRHWGQGTOVIVSSGGGGSGGGSEVQLVESGGGLVY
PGNSIRLSCAASGEFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNS
LKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTFRSYP
MGWFRQAPGKEREFVASZTGSGGSTYYADSVKGRETISRDNAKNTVY ZQMNSLRPEDTAVYSCAAY _RPDTY
LSRDYREYDYWGQGTQVTVSS

>RANKL6-ALB1-RANKL15, SEQ ID NO: 70%;PRT;->
EVOLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWEROAPGKEREFVAAISPSGNTYYADSVKGREFTISRD
NGKHTMYLOMNS O NPEDTAVYEFCAZRATDSIYYASSYRHWGQGTOVIVSSGGGGSGGGSEVQLVESGGGLVY
PGNSIRLSCAASGETFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYLQMNS
LEKPEDTAVYYCTIGGSLSRSSQGTQVTIVSSGGGGEGGGSEVQLVESGGGLVOAGGSLRLSCAAAGGTFRNYV
MGWEFRQAPGKEREFVTAZSTGGSWIGYVDSVKDRETISRDNTKNTVY ZLQMASLKPEDTAVYYCAATTPATTY
LPRSERQYDYWGQGTQVTVSS

>RANKL6-ALB1-RANKL18, SEQ ID NO: 705;PRT;->
EVQLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWERQAPGKEREFVAAISPSGNTYYADSVKGREFTISRD

GKHTMYLOMNS_NPEDTAVYEFCAZRATDSIYYASSYRHWGQGTQVTVSS3GGGGSGGGIEVQLVESGGGLVY
PGNSIRLSCAASGFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYLOMNS
LKPEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTFSRSA
MGWFRQAPGKEREFVGE_TGSGGTTYYGESVKGRETISRDNAQNPVY ZQMNSLKPEDTAVYYCGVYRRTHIS
STYSESSEYDYWGOGTOVTVSS

>RANKLI9-ALB1-RANKL3, SEQ ID NO: 706;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTEFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESG
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNSZKPEDTAVYYCTZGGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGKLVQAGGSLRLSCAVSGRT
SSIYNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYLOMNSLKPEDTAVYYCAGKT
TKWSLEYDYWGQGTQVTVSS

>RANKLI9-ALB1-RANKL6, SEQ ID NO: 707;PRT;->
EVOLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASILSYYSTERAYTYWGQGTOVIVSSGGGGSGCGSEVQLVESS
GGLVQPGNSLRLSCAASGFTZRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLY
LOMNS _KPEDTAVYYCTZ_GGSLSRSSQGTOVTVSSGGGGSGGGSEVOLVESGGGIMOTGGSLRLSCAASGVT
YSYYTASWERQAPGKEREFVAAISPSGNTYYADSVKGRFTISRDNGKHTMYLOMNSLNPEDTAVYFCAIRAT
DSIYYASSYRHWGQGTQVTVSS

>RANKL90 | RANKL9-ALB1-RANKLY, SEQ ID NC: 708;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASISYYSTERAYTYWGQGTOVIVSSGGGGSGCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVROAFGKEPEWVSSISGSGSDTLYADSVEKGRET ISRDNAKTTLY
LOMNS ZKPEDTAVYYCT ZGGSLSRSSQGTOVIVSS5GGGGSGGGSEVQLVESGGGLVQAGGS JRLTCAASGRT
FRSYAMGWEFRQAPGKEREFVAAINYSGCGSTNYADSVKGRETISRDNAKNTLYLOMNSLEPEDTAVYYCAAGS
GYASLSYYSTERAYTYWGQGTQVTVSS

>RANKL9-ALB1-RANKL13, SEQ ID NO: 709;PRT;->
EVQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLY
LOMNS _KPEDTAVYYCTIGGSLSRSSQGTQVTVSSGGGGSGGGSEVOLVESGGGLVQAGGSLRLSCAASGRT
FRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRETISRDNAKNTVYLOMNSLRPEDTAVY SCAAY T
RPDTY_LSRDYRKYDYWGQCTQVIVSS
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>RANKL9-ALB1-RANKL15, SEQ ID NO: 710;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINY SGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQOPGNSLRLSCAASGFT=RSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLY
LOMNS KPEDTAVYYCT_GGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAAAGGT
FRNYVMGWEFRQAPGKEREFVTAISTGGSWIGYVDSVKDRETISRDNTKNTVYLOMASLKPEDTAVYYCAATT
PATTYZPRSERQYDYWGQGTQVTIVSS

>RANKL9-ALB1-RANKL18, SEQ ID NO: 711;PRT;->
EVOQLVESGGGLVQAGGSLRLTCAASGRTFRSYAMGWERQAPGKEREFVAAINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASISYYSTERAYTYWGQGTOVIVSSGGGGSCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNS_KPEDTAVYYCTZGGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRT
FSRSAMGWEFRQAPGKEREFVGFITGSGGTTYYGESVKGRFTISRDNAQNPVYLOMNSLKPEDTAVYYCGVYR
RTHISSTYSESSEYDYWGQGTQVIVSS

>RANKL13-ALB1-RANKL3, SEQ ID NO: 712;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWEROQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAY IRPDTYLSRDYRKYDYWGOGTQVIVSSGGGGSGGGSEVQLVESGG
GLVQPGNSLRLSCAASGFTFRSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLEKPEDTAVYYCTIGGSLSRSSQGTOQVIVSSGGGEGSGGESEVQLVESGGKLVQAGGSLRLSCAVSGRTS
SIYNMAWFRQGFPGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYLOMNSLKPEDTAVYYCAGKTT
KWSLEYDYWGQGTQVTVSS

>RANKL13-ALB1-RANKLE, SEQ ID NO: 713;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNARKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVIV3ISGGGGIGEGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGGGSGGGSEVQLVESGGGLIMOTGGSLRLSCAASGVTY
SYYTASWFRQAFGKEREFVAAISPSGNTYYADSVKGREFTISRDNGKHTMYLOMNSLNPEDTAVYFCAIRATD
SIYYASSYRHWGOQGTOVTVSS

>RANKL13-ALB1-RANKLY, SEQ ID NO: 71%4£;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFRSY PMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVIVSSGGGGSGGGESEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSIKPEDTAVYYCTIGGSLSRSSQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSIRLTCAASGRTE
RSYAMGWFRQAPGKEREFVAAINYSGGSTNYADSVKGRFTISRDNAKNTLYLOMNSLEPEDTAVYYCAAGSG
YASLSYYSTERAYTYWGQGTQVIVSS

>RANKL130 | RANKL13-ALB1-RANKL13, SEQ ID NO: 715;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTOQVIVSSGGGGSGCGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEGMSWVROAPGKEPEWVSSISGSGSDTLYADSVEKGRFTISRDNAKTTLYL
OMNSILKPEDTAVYYCTIGGSLSRSSOGTOVIVSSGGGGSGGGSEVQLVESGGGLVOAGGSIRLSCAASGRTE
RSYPMGWFRQAPGKEREFVASITGSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLRPEDTAVYSCAAY IR
PDTYLSRDYRKYDYWGOGTQVTVSS

>RANKL13-ALB1-RANKL15, SEQ ID NO: 716;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTFRSY PMGWERQAPGKEREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTQVIVSSGGGGSGEGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLKPEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLVOQAGGSLRLSCAAAGGTE
RNYVMGWFRQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISRDNTKNTVYLOMASLKPEDTAVYYCAATTP
ATTYLPRSERQYDYWGQGTQVTVSS

>RANKL13-ALB1-RANKL18, SEQ ID NO: 717;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTFRSYPMGWERQAPGKEREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTVYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGOGTOVIVSSGGGGSGGGSEVOLVESGS
GLVQPGNSLRLSCAASGFTFRSEFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSILKPEDTAVYYCTIGGSLSRSSQGTOVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTE
SRSAMGWERQAFGKEREFVGITGSGGTTYYGESVEGRETISRDNAQNPVYLOMNS LKPEDTAVYYCGVYRR
THISSTYSESSEYDYWCQCTQVTIVSS
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>RANKL15-ALB1-RANKL3, SEQ ID NO: 718;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGGSWTIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY_LPRSERQYDYWGOGTOVIVSSGGGGSGGGSEVOLVESGS
GLVOPGNSLRLSCAASGEFTFRSEGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGGGSGGGSEVQLVESGGKLVQAGGSLRLSCAVSGRTS
SIYNMAWFRQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYLOMNSLKPEDTAVYYCAGKTT
KWSLEYDYWGQGTQVTVSS

>RANKL15-ALB1-RANKLG, SEQ ID NO: 719;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKEREFVTAISTGGSWTGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY_LPRSERQYDYWGOGCTOQVIVSSGGGESGCGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGEGSGGGSEVQLVESGGGLIMOTSGSIRLSCAASGVTY
SYYTASWFRQAPGKEREFVAAISPSGNTYYADSVKGRFTISRDNGKHTMYLOMNSLNPEDTAVYFCAIRATD
SIYYASSYRHWGQGTQOVTVSS

>RANKL15-ALB1-RANKLS, SEQ ID NO: 7203;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWEROAPGKEREFVTAISTGGSWIGYVDSVKDREFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY LPRSERQYDYWGOGTQVTVSSGGGGSGGGSEVQLVESGG
GLVQPGNSLRLSCAASGFTFRSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLEKPEDTAVYYCTIGGSLSRSSQGTOQVIVSSGGGEGSGGGESEVQLVESGGGLVQAGGSLRLTCAASGRTE
RSYAMGWFRQAPGKEREFVAAINYSGGSTNYADSVKGRFTISRDNAKNTLYLOMNSLEPEDTAVYYCAAGSSG
YASLSYYSTERAYTYWGQGTQVTVSS

>RANKL15-ALB1-RANKL13, SEQ ID NO: 721;PRT;->
EVQLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWERQAPGKEREFVTAISTGCGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY_LPRSERQYDYWGQGTQVIV3ISGGGGIGEGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSLKPEDTAVYYCTIGGSLSRSSQGTQVIVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRTE
RSYPMGWFRQAPGKEREFVASITGSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLRPEDTAVYSCAAY IR
PDTYILSRDYRKYDYWGOGTQVTVSS

>RANKL150 | RANKL15-ALB1-RANKL15, SEQ ID NO: 722;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAAAGGTEFRNYVMGWERQAPGKEREFVTAISTGGSWIGYVDSVEKDREFTISR
DNTENTVYLOMASLKPEDTAVYYCAATTPATTY LPRSERQYDYWGQGTQVIVSSGGGGSGGGESREVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLYL
OMNSIKPEDTAVYYCTIGGSLSRSSQGTQVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAAAGGTE
RNYVMGWFRQAPGKEREFVTAISTGGSWTIGYVDSVKDRFTISRDNTKNTVYLOMASLKPEDTAVYYCAATTP
ATTYIPRSERQYDYWGQGTQVTVSS

>RANKL15-ALB1-RANKL18, SEQ ID NO: 723;PRT;->
EVOLVESGGGLVQAGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKEREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTVYLOMASLKPEDTAVYYCAATTPATTY_LPRSERQYDYWGQGTOVIVSSGGGGSGCGSEVQLVESGS
GLVQPGNSLRLSCAASGFTFRSEGMSWVROAPGKEPEWVSSISGSGSDTLYADSVEKGRFTISRDNAKTTLYL
OMNSILKPEDTAVYYCTIGGSLSRSSOGTOVIVSSGGGGSGGGSEVOLVESGGGLVOAGGSIRLSCAASGRTE
SRSAMGWFRQAFPGKEREFVGEFITGSGGTTYYGESVKGRFTISRDNAQNPVYLOQMNSLKPEDTAVYYCGVYRR
THISSTYSESSEYDYWGOQGTQVTVSS

>RANKL18-ALB1-RANKL3, SEQ ID NO: 72%;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEITGSGGTTYYGESVKGREFTISR
DNAQONEVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSGCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVROAFGKEPEWVSSISGSGSDTLYADSVEKGRET ISRDNAKTTLY
LOMNS ZKPEDTAVYYCT ZGGSLSRSSQGTOVIVSS5GGGGSGGGSEVQLVESGGKLIVQAGGSLRLSCAVSGRT
SSIYNMAWERQGPGKGRESVGRIYWSDDNTYYADSVKGREFTISRDNATNTVYLOQMNSLKPEDTAVYYCAGKT
TEKWSLEYDYWGQGTQVTVSS

>RANKL18-ALB1-RANKL6, SEQ ID NO: 725;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAONPVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLY
LOMNS _KPEDTAVYYCTZ_GGSLSRSSQGTQVTVSSGGGGSGGGSEVOLVESGGGIMOTGGSLRLSCAASGVT
YSYYTASWERQAPGKEREFVAAISPSGNTYYADSVEGRFTISRDNGKHTMY LOMNS LNPEDTAVYEFCALRAT
DSIYYASSYRHWGQCTQVTIVSS
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>RANKL18-ALB1-RANKLS, SEQ ID NO: 726;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNEPVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSGGGSEVQLVESS
GGLVQOPGNSLRLSCAASGFT=RSFGMSWVROAPGKEPEWVSSISGSGSDTLYADSVKGRFTISRDNAKTTLY
LOMNS KPEDTAVYYCT-GGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLTCAASGRT
FRSYAMGWEFRQAPGKEREFVAAINYSGGSTNYADSVKGRETISRDNAKNTLYLOMNSLEPEDTAVYYCAAGS
GYASLSYYSTERAYTYWGQGTQVTIVSS

>RANKL18-ALB1-RANKL13, SEQ ID NO: 727;PRT;->
EVOQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWERQAPGKEREFVGEFITGSGGTTYVYGESVKGRFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNS_KPEDTAVYYCTZGGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSLRLSCAASGRT
FRSYPMGWEFRQAPGKEREFVASITGSGGSTYYADSVKGRFTISRDNAKNTVYLOMNSLRPEDTAVYSCAAY T
RPDTY_LSRDYRKYDYWGQGTQVIVSS

>RANKL18-ALR1-RANKL1S5, SEQ ID NO: 728;PRT;->
EVOLVESGGGLVQAGGSLRLSCAASGRTESRSAMGWEROAPGKEREFVGEITGSGGTTYYGESVKGREFTISR
DNAONPVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSGGGSEVQLVESG
GGLVQPGNSLRLSCAASGFTRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNS _KPEDTAVYYCT _GGSLSRSSQGTQVTIVSSGGGGSGGESEVOLVESGGGLVOAGGSLRLSCAAAGGT
FRNYVMGWEFRQAPGKEREFVTAISTGGCSWIGYVDSVKDREFTISRDNTKNTVYLOMASLKPEDTAVYVYCAATT
PATTYLPRSERQYDYWGOGTQVTVSS

>RANKL180 | RANKL18-ALB1-RANKL18, SEQ ID NO: 729;PRT;->
EVQLVESGGGLVQAGGSLRLSCAASGRTEFSRSAMGWEFRQAPGKEREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNPVYLOMNSLKPEDTAVYYCGVYRRTHISSTYSESSEYDYWGQGTOVIVSSGGGGSCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTFRSFGMSWVRQAPGKEPEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNS_KPEDTAVYYCTZGGSLSRSSQGTOVTVSSGGGGSGGGSEVQLVESGGGLVQAGGSIRLSCAASGRT
FSRSAMGWEFRQAPGKEREFVGEFITGSGGTTYYGESVKGREFTISRDNAQNPVYLOMNSLKPEDTAVYYCGVYR
RTYISSTYSESSEYDYWGOGTQVTIVSS

Table B-5: Humanized Nanbodies against RANK-L

<Name, SEQ ID #; PRT (protein); ->
Sequence

>RANKZ6humbasic, SEQ ID NO: 730;PBRT;->
EVOLVESGGGIMOTGGSLRLSCAASGVTYSYYTASWERQAPGKGREFVAATISPSGNTYYADSVKGREFTISR
DNGKHTLYLOMNSLRPEDTAVYFCAIRATDS _YYASSYRHWGOGTLVTVSS

>RANKLG6huml, SEQ ID NO: 731;PRT;->
EVOQLVESCTCLVQTCCSLRLSCAASGVTYSYYTASWERQAPGCKCREFVAAISPSCNTYYADSVKCREFTISR
DNGKHTLYLOMNSLRPEDTAVYFCAIRATDSZYYASSYRHWGOGTLVTVSS

>RANKL6hum2, SEQ ID NO: 732;PRT;->
EVOQLVESGGGLMQPGGSLRLSCAASGVTYSYYTASWFRQAPGKGREFVAAISPSGNTYYADSVKGRFTISR
DNGKHTLYLOMNSLRPEDTAVYFCAIRATDSIYYASSYRHWGQGTLVTVSS

>RANKZ6hum3, SEQ ID NO: 733;PRT;->
EVOQLVESGGGLMOTGGSLRLSCAASGVTYSYYTASWFRQAPGKGREFVAAISPSGNTYYADSVKGRFTISR
DNSKHTLYLOMNSLRPEDTAVYFCAIRATDSIYYASSYRHWGOGTLVTVSS

>RANKL6hum4, SEQ ID NO: 734;PRT;->
EVQLVESGGGLMQTGGSLRLSCAASGVTYSYVTASWEFROQAPGKGREFVAATISPSGNTYYADSVKGRFTISR
DNGKNTLYLOMNSLRPEDTAVYFCAIRATDSIYYASSYRHWGOGTLVTVSS

>RANKL6humb5, SEQ ID NO: 735;PRT;->
EVOQLVESGGGLMQTGGSLRLSCAASGVTYSYVYTASWERQAPGKGREFVAAISPS-GNTYYADSVKGREFTISR
DNGKHTLYLOMNSLRPEDTAVYFCATIRATDSZYYASSYRHWGQGTLVTVSS

>RANK_9humbasic, SEQ ID NO: 736;PBRT;->
EVOQLVESCOCLVQPCOUSLRLTCAASCRTFRSYAMGCWEFRQAPCKCREFVAAINYSCOSTNYADSVKCRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTLVTVSS

>RANK_9huml, SEQ ID NO: 737;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTFRSYAMGWEFRQAPGKGREFVAAINYSGGSTNYADSVKGREFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTLVTVSS
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>RANKZShum2, SEQ ID NO: 738;PRT;->
EVOQLVESGGGLVQPGGSLRLTCAASGRTFRSYAMGWEFRQAPGKGREFVSAINY SGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLEPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTLVTVSS

>RANK_9hum3, S5EQ ID NO: 73%8;PRT;->
EVQLVESGGGLVQPGGSLRLTCAASGRTFRSYAMGWEFRQAPGKGREFVAATINYSGGSTNYADSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAGSGYASLSYYSTERAYTYWGQGTLVTVSS

>RANKIL18humkbasizc, SEQ ID NO: 740;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWEFRQAPGKGREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNEPVYLOMNSLRPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTLVTVSS

>RANKZ18huml, SEQ ID NO: 741;PRT;->
EVOLVESGGGLVOPGGSLRLSCAASGRTESRSAMGWEFROAPGKGREFVGEITGSGGTTYYGESVKGREFTISR
DNAONTLYLOMNSLRPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTLVTVSS

>RANKL1Shum2, SEQ ID NO: 74Z;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGRTESRSAMGWEFRQAPGKGREFVGEFITGSGGTTYYADSVKGREFTISR
DNAQNPVYLOMNSLRPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTLVTVSS

>RANKL18hum3, SEQ ID NO: 743;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGFTEFSRSAMGWERQAPGKGREFVGEFITGSGGTTYYGESVKGRFTISR
DNAQNPVYLOMNSLRPEDTAVYYCGVYRRTYISSTYSESSEYDYWGQGTLVTVSS

>RANKZ18hum4, SEQ ID NO: 744;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWEFROAPGKGREFVSFITGSGGTTYYGESVKGREFTISR
DNAQNEPVYLOMNSLRPEDTAVYYCCVYRRTYISSTYSESSEYDYWCQCTLVTVSS

>RANKL18humb, SEQ ID NO: /45;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWEFRQAPGKGREFVGFITGSGGTTYYGESVKGREFTISR
DNAQONPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSS

>RANKL15humkbasic, SEQ ID NO: 746;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKGREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTLYLOMASLRPEDTAVYYCAATTPATTY_ L PRSERQYDYWGQGTLVTVSS

>RANKZ15huml, SEQ ID NO: 747;PRT;->
EVOLVESGGGLVOPGGSLRLSCAASGGTFRNYVMGWEFROAPGKGREFVTAISTGGSWIGYVDSVKDREFTISR
DNTKNTLYLOMASLRPEDTAVYYCAATTPATTY_PRSERQYDYWGQGTLVTVSS

>RANK.15hum?2, SEQ ID NO: 748;PRT;->
EVQLVESGGGLVQPGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKGREFVTAISTGGSWIGYVDSVKDREFTISR
DNSKNTLYLOMASLRPEDTAVYYCAATTPATTY_PRSERQYDYWGQGTLVTVSS

>RANKL15hum3, SEQ ID NO: 749;PRT;->
EVOLVESGGGLVQPGGSLRLSCAAAGGTFRNYVMGWEFRQAPGKGREFVTAISTGGSWIGYVDSVKDRFTISR
DNTKNTLYLOMNSLRPEDTAVYYCAATTPATTY_PRSERQYDYWGQGTLVTVSS

>RANK_13humkasic, SEQ ID NO: 750;PRT;->
EVOQLVESGGGLVQPGGSLRLUSCAASGRTFRSY PMGWEFRQAPGKGREFVASITGSGGSTYYADSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWCQCTLVTVSS

>RANKL13huml, SEQ ID NO: /51;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGFTFRSYPMGWEFRQAPGKGREFVASITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYSCAAYIRPDTYLSRDYRKYDYWGQGTLVTVSS

>RANKL13huml, SEQ ID NO: 752;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGRTESSYPMGWEFRQAPGKGREFVASITGSGGITYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYSCAAYIRPDTYIL SRDYRKYDYWGQGTLVTVSS

>RANKL13hum2, SEQ ID NO: 753;PRT;->
EVOLVESCTCLVQPCGSLRLSCAASGCGRTFRSYPMCWEFRQAPCKCREFVSSITCSCGSTYYADSVKGRETISR
DNAKNTLYLOMNSLRPEDTAVYSCAAYIRPDTY_LSRDYRKYDYWGQGTLVTVSS

>RANK.13hum3, SEQ ID NO: 754;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTFRSYPMGWERQAPGKGREFVASITGSGGSTYVYADSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYI SRDYRKYDYWGQGTLVTVSS

>RANKZ13humb, SEQ ID NO: 755;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGFTEFSSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTY_SRDYRKYDYWGQGTLVTIVSS

>RANKZ13humb D62E, SEQ ID NO: 756;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGEFTEFSSYPMGWERQAPGKGREFVSSITGSGGSTYYAESVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTY L SRDYRKYDYWGQGTLVTVSS

>RANKL18hum6, SEQ ID NO: 757;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGEFITGSGGTTYYADSVKGSREFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYZSSTYSESSEYDYWGQGTLVTVSS
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>RANKL18hum7, SEQ ID NO: 765;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGEFITGSGGTTYYADSVKGREFTISR
DNAQNPLYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSS

Table B-6: Constructs of the humanized Nanbodies against RANK-L

<Name, SEQ ID #; PRT (protein); ->
Sequence

RANKLOQ1lp, SEQ ID NO: 76Z;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGEFTESSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGTLVIVSSGGGGSGGGSEVQLVESGS
GLVQPGGSLRLSCAASGFTFSSYPMGWROAPGKGREFVSSITGSGGSTYYADSVEKGRFTISRDNAKNTLYL
OMNSILRPEDTAVYYCAAVIRPDTYLSRDYRKYDYWGQGTLVTVSSGGGC

RANKLOO3p, SEQ ID NO: 762;PRT;->

EVOLVESGGGLVOPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGEFITGSGGTTYYADSVKGRFTISR
DNAQONPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSGCGGGSGGGGSGE
GGSGGGEGSGGEESEVQLVESGGELVQPGGSLRLSCAASGRTSRSAMGWEFROAPGKGREFVGITGSGGTTY
YADSVKGRETISRONAQNPVYLOMNS _RPEDTAVYYCAVYRRTYISSTYSESSEYDYWCQCTLVIVSSCCGT

RANKL18humébi 25 | RANKLI8hum6-25G3-RANKL1Shum6, SEQ ID NO: 768;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGFITGSGGTTYVYADSVKGRFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSGCGGSGGGGESGE
GGSGGGG3EVQLVESGGGLVOPGGSLRLSICAASGRTESRSAMGWEFRQAPGKGREFVGEFITGCSGGTTYYADSY
GRETISRDNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSS

RANKL18humébi_30 | RANKL.8hum6-30GS-RANKL1Shum6, SEQ ID NO: 769;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGEFITGSGGTTYYADSVKGRFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGOGTLVIVSSGGGGSGGGGSGGGEESGE
GGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRISCAASGRTSRSAMGWEFROQAPGKGREFVGTITGSGGTTY
YADSVKGRETISRONAQNPVYLOMNS ZRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSS

RANKLO04h | RANKL13hum5-9GS-RANKL13hum5-HSA, SEQ ID NC: 772;DPRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGETESSYPMGWERQAPGKGREFVSS3ITGSGGITYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGOGTLVTVSSGGGGIGGGSEVQLVESGS
GLVQPGGSLRLSCAASGFTFSSYPMGW=ROAPGKGREFVSSITGSGGSTYYADSVKGREFTISRDNAKNTLYL
OMNSILRPEDTAVYYCAAVIRPDTYLSRDYRKYDYWGQGTLVTVSSDAHKSEVAHREFKDLGEENFKALVLIAFE
AQYLQOQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSLHTLEGDKLCTVATLRETYGEMADCCAKQEPERN
ECFLQHKDDNPNLPRLVRPEVDVMCTAZHDNEETFLKKYLYETARRHPYFYAPELLFFAKRYKAAFTECCQA
ADKAACLLPKLDELRDEGKASSAKQRLKCASLOKFGERAFKAWAVARLSQRFPKAEFAEVSKLVTDLTKVHT
ECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPL_LEKSHCIAEVENDEMPADLPS_AADFVESKDV
CKNYAEAKDVFLGMFLYEYARRHPDYSVVLLLRZAKTYETTLEKCCAAADPHECYAKVFDEFKPLVEEPQONL
IKONCELFEQLGEYKFONALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVVLNQ
LCVLHEKTPVSDRVTKCCTESLVNRRPCESALEVOETYVPKEFNAETFTFHADICTLSEKERQIKKQTALVE
LVKHKPEKATKEQ_KAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQAALGL

RANKLOO6h | RANKL18hum6-30GS-RANKL18hum6-HSA, SEQ ID NO: 773;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGRTESRSAMGWEFROAPGKGREFVGEITGSGGTTYYADSVKGREFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSSGGGGSGGGGSGGGGSGEE
GGSGGEGSGGGESEVOLVESGGGLVQPGGSLRLSCAASGRT S RSAMGWEFRQAPGKGREFVGTITGSGGTTY
YADSVKGRETISRONAQNPVYLOMNS _LRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTVSSDAHK
SEVAHRFKDLGEENFKALVLIAFAQYLQQCPFEDHVKLVNEVTEFAKTCVADESAENCDKSZHTLEFGDKLCT
VATLRETYGEMADCCAKQEPERNECFLQHKDDNPNLPRLVRPEVDVMCTAFHDNEETFLKKYLYETARRHPY
FYAPELLFFAKRYKAAFTECCQAADKAACLLPKLOELRDEGKASSAKQRLKCASLQKFGERATKAWAVARLS
QRFPKAEFAEVSKLVTDLTKVHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCEKPLLEKSHCIAE
VENDEMPADLPS_AADEFVESKDVCKNYAEAKDVFLGMFLYEYARRHPDYSVVLLZRLAKTYETTLEKCCAAA
DPHECYAKVFDEFKPLVEEPONLIKQNCELFEQLGEYKFOQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSK
CCKHPEAKRMPCAEDYLSVVLNQLCV_HEKTPVSORVTIKCCTESLVNRRPCFSALEVDETYVPKEFNAETET
FHADICTLSEKERQIKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKADDKETCFAEEGKKLVAASQD
AALGL
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RANKLQOQO8a, SEQ ID NO: 759;PRT;->

EVQLVESGGGLVOPGGSLRLSCAASGFTESSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTY_LSRDYRKYDYWGQGTLVTVSSGGGGSGGGSEVQLVESGG
GLVOPGNSLRLSCAASGEFTFSSEFGMSWVROAPGKGLEWVSSISGSGSDTLYADSVKGREFTISRDNAKTTLYL
OMNSTRPEDTAVYYCTIGGSLSRSSQGTLVTVSSGGEGSGGEESEVOLVESGGGIVOPGGSTIRLSCAASGTTE

PDTYLSRDYRKYDYWGQGTLVTIVSS

RANKIO10a, SEQ ID NO: 760;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWERQAPGKGREFVGFITGSGGTTYVYADSVKGRFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSCGGSEVQLVESS
GGLVQPGNSLRLSCAASGFTZSSFGMSWVRQAPGKGLEWVSSISGSGSDTLYADSVKGRETISRDNAKTTLY
LOMNS_RPEDTAVYYCTZGGSLSRSSQGTLVTVSSGGGGSGGGSEVQLVESGGGLVQPGGSLRLSCAASGRT
FSRSAMGWEFRQAPGKGREFVGEFITGSGGTTYYADSVKGRFTISRDNAQNPVYLOMNSLRPEDTAVYYCAVYR
RTYISSTYSESSEYDYWGQGTLVTIVSS

RANKL13humb5-IgGl _, SEQ D NO: 774;PRT;->
EVOLVESGGGLVOPGGSLRLSCAASGEFTESSYPMGWEROAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
EPKSSDKTHTCPPCPAPELLGGPSVF_L=PPKPKDTLMISRTPEVTCVVVIOVSHEDPEVKENWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHODW_ONGKEYKCKVSNKALPAPIEKT I SKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDZAVEWESNGQPENNYKTTPPVLDSDGPFFLY SKLTVDKSRWQQOGNVESCSVMHEA
LHNHYTQKSLSISPGK

RANKL13humb5-IgGl 2, SEQ D NO: 775;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGFTEFSSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYILSRDYRKYDYWGQGTLVTVSSGGGGIGGGSGGEGSGGGES
GGGGSDKTHTCPPCPAPELLGGPSVEFLPPKPKDTLMISRTPEVTCVVVIOVSHEDPEVKENWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDW_.NGKEYKCKVSNKALPAPIEKTI SKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSDZAVEWESNGQPENNYKTTPPVLDSDGPFFLYSKLTVDKSRWOQOGNVESCSVMHEA
LHNHYTOKSLSLSPGK

RANKLIEhum5—IgG173, SEQ D NO: 776;PRT;—>
EVQLVESGGGLVQPGGSLRLSCAASGFTESSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVEGRFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGT LVIVSSGGGGSGGGSGGEGESGEGGES
GGGGSGGGGSCPPCPAPELLGGPSVE L ZPPKPKDTLMISRTPEVTCVVVOVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVILTVLHODW.NGKEYKCKVSNKALPAPTIEKTISKAKGQPREPQVYTLPPSRDELT
KNQVSLTCLVKGFYPSD_AVEWESNGQPENNYKTTPPVLDSDGPFFLY SKLTVDKSRWQQGNVESCSVMHEA
LHNHYTQKSLSISPGK

RANKL13hum5-IgGl 4, SEQ D NO: 777;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGEFTEFSSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGRETISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGTLVIVSSCPPCPAPELLGGPSVELFE
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLITVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEWESNGOP
ENNYKTTPPVLDSOGPFFLYSKLTVDKSRWQOGNVESCSVMHEALHNHYTQOKSLSLSPGK

RANKL13humb-IgG2 -, SEQ -D NO: 778;PRT;->

EVOLVESGGGLVQPGGSLRLSCAASGETESSY PMGWERQAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTY L SRDYRKYDYWGQGTLVIVSSGGGGSGGGEGGEGESGGES
GGGSERKCCVECPPCPAPPVAGPSVELZPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOQFNWYVDCMEVHNA
KTKPREEQENSTFRVVSVLTVVHQDWNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEMT
KNQVSLTCLVKGEFYPSDZAVEWESNGQPENNYKTTPPMLDSDGSEFFLY SKLTVDKSRWQQGNVESCSVMHEA

LHNHYTQKSLSLSPGK

RANKL13humb5-IgG2 2, SEQ D NO: 779;PRT;->
EVOQLVESGGGLVQPGGSLRLSCAASGFTEFSSYPMGWERQAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGTLVIVSSGGGGSGGGSGGGESGGGES
GGGGSGGGSGGSCCVECPPCPAPPVAGPSVELFPPKPKDTMISRTPEVTICVVVDVSHEDPEVOEFNWYVDGM
EVHNAKTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYFPSDIAVEWESNGOQPENNYKTTPPMLDSDGSFELYSKLTVDKSRWOQOGNVESCS
VMHEA_HNHYTOKSLSLSPGK
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RANKL13humb5-IgG2 3, SEQ ID NO: 780;PRT;->
EVQLVESGGGLVQOPGGSLRLSCAASGFTFSSYPMGWFROAPGKGREFVSSITGSGGSTYYADSVKGREFTISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGTLVTVSSGGGGSGGGSGLGGSGGES
GGEGGSGGGSGEGESGESCCVECPPCPAPPVAGESVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOENWY
VIGMEVHNAKTKPREEQEFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYT
LPPSREEMTKNQVSLTCLVKGEYPSD IAVEWESNGOPENNYKTTPPMLDS OGS FELY SKLTVDKSRWQOGNY
FSCSVMHEALHNHYTQKSLSLSPGK

RANKL13humb-IgG2 4, SEQ ID NO: 781;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGEFTEFSSYPMGWFROQAPGKGREFVSSITGSGGSTYYADSVKGRETISR
DNAKNTLYLOMNSLRPEDTAVYYCAAYIRPDTYLSRDYRKYDYWGQGTLVIVSSCCVECPPCPAPPVAGPSY
FLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVQOENWYVDGMEVHNAKTKPREEQFNSTFRVVSVLTVVHQD
WINGKFYKCKVSNKGT PAPTEKTTSKTKGOPREPQVVTT.PPSREFMTKNQVST TCTVKGFYPSNTAVEWE SN
GOPENNYKTTPPMLDSDGSEFFLYSKLTVDKSRWQOQGNVESCSVMHEALHNAHYTQKSLSLSPGK

RANKL18hum6-IgGl 1, SEQ ID NO: 782;PRT;->
EVOLVESGGGLVOPGGSLRLSCAASGRTESRSAMGWEFRQAPGKGREFVGE ITGSGGTTYYADSVKGRETISR
STZPKSSDKTHTCPPCPAPELLGGPSVELEFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKENWYVDGVEVHN
AXTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TANQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGPFFLYSKLTVDKSRWQQGNVESCSVMHE
ALHNHYTQKSLSLSPGK

RANKL18hum6-IgGl 2, SEQ ID NO: 783;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTEFSRSAMGWFROAPGKGREFVGEFITGSGGTTYYADSVKGRETISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGOGTLVIVSSGGGGSGGESGGGESGGEE
SGGGGSDKTHTCPPCPAPELLGGPSVFLEFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHN
AXTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDEL
TANQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGPFFLYSKLTVDKSRWOOGNVESCSVMHE
ALHNHYTQKSLSLSPGK

RANKL18humé-IgGl 3, SEQ ID NO: 784;PRT;->
EVQLVESCCGLVQPGGSLRLSCAASCRTESRSAMGWFROQAPCKGREFVCEFITCSCCTTYYADSVKCRETISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGOQGTLVIVSSGGGGSGGESGGGGESGEG
SGGGGSGGGGSCPPCPAPELLGGPSVEFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENKWYVDGVEVHN
AXTKPREEQYNSTYRVVSVLTVLHEODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDEL
TXNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGPFFLYSKLTVDKSRWOOGNVESCSVMHE
ALHNHYTQKSLSLSPGK

RANKL18hume-IgGl 4, SEQ ID NO: /8b5;PRT;->
EVOLVESGGGLVOPGGSLRLSCAASGRTESRSAMGWEFROAPGKGREFVGE ITGSGGTTYYADSVKGRETISK
DNAQNEPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGOGTLVIVSSCPPCPAPELLGGPSVEL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDCVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPESRDELTKNQVSLTCLVKGEYPSDIAVEWE SNGQ
PENNYKTTPPVLDSDGPEFLYSKLTVDKSRWOOGNVESCSVMHEALHNHYTQKSI SLSPGK

RANKL18hum6-IgG2 1, SEQ ID NO: 786;PRT;->
EVQLVESGGGLVOPGGSLRLSCAASGRTFSRSAMGWFROQAPGKGREFVGE ITGSGGTTYYADSVKGREFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSGGESEGGEESGEE
SGGGSERKCCVECPPCPAPPVAGESVELEFPPKPKDTLMISRTPEVTCVVVOVSHEDPEVQFNWYVDGMEVHN
AXTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVYTLPPSREEM
TXNQVSLTCLVKCFYPSDIAVEWESNCOQPENNYKTTPPMLDSDCSFFLYSKLTVDKSRWQQCNVESCSVMHE
ALHNHYTQKSLSLSPGK

RANKL18hum6-IgG2 2, SEQ ID NO: 787;DPRT;->
EVQLVESGGGLVOPGGSLRLSCAASGRTFSRSAMGWFRQAPGKCGREFVGEITGSGGETTYVYADSVKGREFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSGGESGGEESGEE
SGGGGSGGGSGGSCCVECPPCPAPPVAGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOENWYVDG
M=ZVHNAKTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLPAPZEKTISKTKGQPREPQVYTLPP
SREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFEFLY SKLTVDKSRWOQGNVESC
SVMHEALHNHYTQKSLSLSPGK

RANKL18humé-IgG2 3, SEQ ID NO: 788;PRT;->
EVQLVESGGGLVQPGGSLRLSCAASGRTFSRSAMGWFROAPGKGREFVGEFITGSCGGTTYYADSVKGRFTISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVIVSSGGGGSGGESGGEE5GGG
SGGGGSGGGSGGGSGGSCCVECPPCPAPPVAGPSVEFLFPPRKPKDTLMI SRTEEVTCVVVDVSHEDPEVQENW
YVDGMEVHNAKTKPREEQFNSTFRVVSVLTVVHODWLNGKEYKCKVSNKGLEFAPTIEKTISKTKGQPREPQVY
TLPPSREEMTKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPMLDSDGSEFEFLYSKLTVDKSRWOQGN
VESCSVMHEALHNHYTQKSLSLSPGK
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RANKL_8hum6-_-gG2Z2 £, SEQ ID NC: 789;PRT;->
EVOLVESGGGLVQPGGSLRLSCAASGRTFSRSAMGWFRQAPGKGREFVGFITGSGGTTYYADSVKGRETISR
DNAQNPVYLOMNSLRPEDTAVYYCAVYRRTYISSTYSESSEYDYWGQGTLVTIVSSCCVECPPCPAPPVAGES
VFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGMEVHNAKTKPREEQEFNSTFRVVSVLTVVHQ
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGOPREPQVYTLPPSREEMTKNQVSLTCILVKGEYPSDIAVEWES
NGOQPENNYKTTPPMLDSDGSEEFLYSKLTVDKSRWOOGNVESCSVMHEALHNHYTQKSLSLSPGK

Table B-7: Nanobodies against human serum albumin

Name

Sequence

SEQ ID NO

ALB-1

EVQLVESGGGLVQPGNSLRLSCAASGITIFRSFGMSWVRQAPGKEP | 790

EWVSSISGSGSDTLY ADSVKGRFTISRDNAKTTLYLQMNSLKPEDT

AVYYCTIGGSLSRSSQGTQVTVSS

ALB-12

EVQLVESGGGLVQPGNSLRLSCAASGFTFSSFGMSWVRQAPGKGL | 791

EWVSSISGSGSDTLY ADSVKGRFTISRDNAKTTLYLOQMNSLRPEDT

AVYYCTIGGSLSRSSQGTLVTVSS

Table B-8: Linkers used in the Nanobody constructs

Linker Sequence SEQ ID NO
9GS linker GGGGSGGGS 792
15GS linker fefegedeadedelesadodeien] 793
20GS linker GGGGSGGGGSGGGGSGGGGS 794
25GS linker gEEOSEOI0Se000S0000S0000S 795
30GS linker GGGGSGGGGSGGGGSGGGGSGGGGSGGGGS |796
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Table C-2: ED50 values obtained with the anti-RANK-L Nanobodies in ELISA

Nanobody ED50 Nanobody ED50
(pM) (pM)

RANKL1 619 RANKL14 574
RANKL3 568 RANKL15 266
RANKL4 380 RANKL16 953
RANKL6 385 RANKL17 453
RANKL7 376 RANKL18 242
RANKL8 652 RANKL19 506
RANKL9 542 RANKL20 306
RANKL11 517 RANKL21 861
RANKL12 399 RANKL22 379
RANKL13 226 RANKL23 679

Table C-3: IC50 values obtained with the anti-RANK-L Nanobodies in AlphaScreen assay

Nanobody IC50 Nanobody IC50
(pM) (pM)

RANKLA 739 RANKL14 1750
RANKL3 497 RANKL15 283
RANKLA4 582 RANKL16 2250
RANKL6 288 RANKL17 737
RANKL7 459 RANKL18 146
RANKLS 755 RANKL19 2240
RANKL9 137 RANKL20 1360
RANKL11 1170 RANKL21 1580
RANKL12 627 RANKL22 3020
RANKL13 185 RANKL23 3530
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Table C-5: Comparison of monovalent and trivalent bispecific anti-RANK-L Nanobodies in

AlphaScreen

Nanobody IC50 Nanobody IC50
(pM) (pM)

RANKL3 474 RANKL30 44

RANKL6 7 RANKL60 26

RANKL9 341 RANKL90 68

RANKL13 147 RANKL130 29

RANKL15 572 RANKL150 92

RANKL18 187 RANKL180 33

Table C-6: Comparison of monovalent and trivalent bispecific anti-RANK-L Nanobodies in

cell based competitive binding assay

Nanobody | IC50 (pM) | Nanobody | IC50 (pM)
RANKL13 429 RANKL 130 55
RANKL15 534 RANKL150 210
RANKL18 552 RANKL 180 106

Table C-7: Potency of anti-RANK-L Nanobodies in NF-kappaB reporter gene assay

Compound IC50 Compound IC50
(nM) (nM)
RANKL13 6,205 £ 3,019 (n=2) RANKL130 2,375+ 2,379
(n=2)
RANKL15 10,03 + 2,390 (n=2) RANKL 150 6,24 + 4,765 (n=2)
RANKL18 15,24 + 1,923 (n=2) RANKL180 3,95 + 0,183 (n=2)
RANKL3 8,32 + 3,747 (n=2) OPG 6,03 (h=1)
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Table C-8: Primers used for the construction of the human/mouse hybrids as described in

Example 6.

Name Sequence 5’ to 3’/ SEQ ID NO
T7-EEV AAGGCTAGAGTACTTAATACGA 789
RevpCIneo CUTATCATGTCTGCTCGAAGC 800
RevhRANKLMI1 GGGAACCAGATGGGATGGAGGCGGCATTAATAGTGAGATGAG 801
FwhRANKILM1 CTCATCTCACTATTAATGCCGCCTCCATCCCATCTGGTTCCC 8C2
RevhRANKLM?2 CCATTAGTTGAAGATACTCTGTAGCCACGCTTCCTGAAGTTTCATG 803
FwhRANKLM?Z CATGAAACTTCAGGAAGCGTGGCTACAGAGTATCTTCAACTAATGG 804
RevhRANKILM3 CCATTAGTTGAAGATAGTCTGTAGGTAGGTCTCC 8C5
FwhRANKLM3 GGAGACCTACCTACAGACTATCTTCAACTAATGG 806

Table C-9: Binding of RANKL Nanobodies on human/mouse hybrids of RANK-L as

described in Example 6.

Nanobody RANK-L
hRANK-L | h/m hybrid 1 h/m hybrid 2 h/m hybrid 3

RANKIL3 + + + +
RANKL6 + + - +
RANKL9 + + + -
RANKLI3 + + - -
RANKLI5 + + - -
RANKL18 + + + -
MoAb' + + + +

'Monoclonal antibody against human RANK-L (R&D Systems, Minneapolis, MN; Cat No. 6262).
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Table C-10: Dosing of the animals in the pharmacokinetics and pharmacodynamics study as

described in Example 7.

Group Animal ID | Dose and route of administration Single/Repeated
RANKLI130 Im 10 mg/kg (IV bolus) Single
2f 10 mg/kg (IV bolus) Single
RANKIL131 3m 15 mg/kg (infusion 8hrs) Single
4f 15 mg/kg (infusion 8 hrs) Single
RANKIL180 Sm 10 mg/kg (IV bolus) Single
of 10 mg/kg (IV bolus) Single
ALBI 7m 10 mg/kg (1V bolus) Single
8f 10 mg/kg (IV bolus) Single
Ibandronate 9m 0,15 mg/kg (1V bolus) Repeated (monthley)
10f 0,15 mg/kg (IV bolus) Repeated (monthley)
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Table C-11: Values obtained for the pharmacokinetic parameters in the Cynomolgus

Monkeys study as described in Example 7.

Parameter’ cyno Im | cyno 2f |cyno 5m | cyno 6f
Vs prea (mL/kg) 67.7 71.1 67.1 55.4
CL pred (mL/day/kg) 7.71 7.91 5.86 5.08
MRTyf prea (day) 8.79 8.98 11.5 10.9
ti 2 (day)’ 6.75 6.81 874 | 928
Mat tower = Aut_upper (day) 1-39 2-51 4-51 1-32
R” i1 0.992 0.998 0.993 0.982
ti22,2 (day)’ 310 | 329 | 253 | 221
A2z tower - Az upper (day) 39-58 51-72 58-72 | 36-51
R*t100 0.994 0.985 0.991 0.984
AUCo-39days 1287 - 1693 -
AUC). 514ays - 1260 - 1909
AUC 5 (ng-day/mL) 1297 1264 1707 1970
YAUC extrap pred 0.0117 | 0.0033 | 0.0046 | 0.0112
AUCsf pred (ug-day/mL) 1297 1264 1708 1970
AUC iyt pree/D (kg-day/mL) 0.130 0.126 0.171 0.197

LAl parameters were calculated with non-compartmental modelling.
*Half-life calculated on apparent beta fase.
YHalf-life calculated on apparent gamma fase.
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Table C-12: Values obtained for the pharmacokinetic parameters in the Cynomolgus

Monkeys study as described in Example 7.

Parameter" cyno 3m | cyno 4f
Vs pred (HlL/kg) 488 775
CL ,.q (ml/day/kg) 2433 3355
MRTinf pred (day) 0.200 0.231
tin 4, (day) 0.787 0.843
A1 tower = A1 upper (d2Y) 1.0-4.0 | 1.0-4.0
Rting, 0.970 0.918
AUCuq (ug'day/mlL) 6.14 4.45
YoAUC exwrap pred 0.380 0.493
AUCinf pred (Hg'da}’/mL) 6.16 4.47
AUC ¢ pree/D (kg-day/ml) 0.0004 | 0.0003

L All parameters calculated with non-compartmental modelling
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Table C-13: Activity of the humanized RANKL Nanobodies in AlphaScreen and Biacore

3000.
Nanobody AlphaScreen Biacore

I1C50 (pM) Kd (s-1) Ka (M-1s-1) KD (M)
RANKLI13 174 2,50E-04 5,00E+05 5,00E-10
RANKL13basic 159 1,89E-04 8,85E+05 2,14E-10
RANKLI13huml 123 1,45E-04 1,37E+06 1,06E-10
RANKLI13hum?2 191 2,32E-04 2,64E+05 8,80E-10
RANKL13hum3 196 1,74E-04 6,59E+05 2,64E-10
RANKIL13hum4 223 2,04E-04 3,79E+05 5,38E-10
RANKLI13hum5 91 2,10E-04 8,00E+05 2,60E-10
RANKIL18 292 5,60E-05 3,10E+05 1,80E-10
RANKL18basic 219 1,00E-04 6,12E+05 1,63E-10
RANKLI18huml 3153 2,36E-04 1,51E+05 1,56E-09
RANKL18hum2 3186 1,73E-04 6,34E+04 2,73E-09
RANKLI18hum3 274 1,27E-04 4,41E+05 2,88E-10
RANKLI18hum4 ND ND ND ND
RANKLI18hum5 253 9,94E-05 4,29E+05 2,32E-10
RANKL18humé 138 6,72E-05 5.00E+05 1,60E-10
RANKL18hum7 572 2,70E-04 1,80E-05 1,50E-09
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Table C-14: Activity of different Nanobody constructs in AlphaScreen and FMAT.

Nanobody AlphaScreen FMAT
ICS6(pM) IC50(pM)
RANKLI3 120 264
RANKLI30 31 45
RANKL131 19 23
RANKL133 26 ND
RANKLIS 253 253
RANKLI180 39 56
RANKL181biv 113 134
RANKL182biv 89 76
RANKL183biv 49 52
RANKL18hum6Bi_25 100 38
RANKLI18hum6Bi_30 50 38
RANKLY 238 130
RANKLS0 63 49
RANKL91biv 153 90
RANKL92biv 70 32
RANKL93biv 66 48
RANKI.94biv 72 30
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Table C-15: Different construct made of the humanized Nanobodies.

Nanobody format Nanobody ID SEQ ID NO
RANKLI13hum5-ALB012-RANKL13hum3 RANKLO008a 759
RANKL18hum6-ALB012-RANKL 18humé RANKLO10a 760
RANKLI13hum5-9GS-RANKL13hum5-PEG RANKLOO1p 761
RANKL18hum6-30GS-RANKL18hum6-PEG RANKLO003p 762
RANKLI13hum5-9GS-RANKL13hum5-HSA RANKLO004h 772
RANKL18hum6-30GS-RANKIL18hum6-HSA RANKILO006h 773

Table C-16: Activity of the different constructs of the humanized Nanobodies in

AlphaScreen and FMAT.
Nanobody AlphaScreen FMAT
IC50 (pM) IC50 (pM)
RANKLI13hum5 188 137
RANKL00Sa 25 36
RANKLOO1p 49 41
RANKL004h 48 34
RANKL130 17 42
RANKLI18hum6 87 380
RANKL3p 25 38
RANKLI10a 28 57
RANKL180 30 NA
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Table C-19: Dose, route and frequency of administration used in animal model as described

in Example 14.

Group Test Item Dose Level | Route/frequency admin. | Animal numbers
1 RANKL008a 3.0 IV/ Once 1-3
2 RANKL008a 0.3 IV/ Once 4-6
3 RANKL008a 0.03 IV/ Once 7-9
4 RANKIL008a 3.0 SC/ Once 10-12
5 RANKLOO1p 3.0 IV/ Once 13-15
6 RANKLOO1p 0.3 IV/ Once 16-18
7 RANKLOO1p 0.03 IV/ Once 19-21
8 RANKLOO1p 3.0 SC/ Once 22-24
9 RANKLOO03p 3.0 IV/ Once 25-27
10 RANKLO0O03p 0.3 IV/ Once 28-30
11 RANKLO003p 0.03 IV/ Once 31-33
12 RANKLOO3p 3.0 SC/ Once 34-36
13 RANKLI130 10 IV/ Once 37-39
14 RANKLI130 3.0 IV/ Once 40-42
15 Ibandronate 0.15 1V/ Every Month 43-45
16 ALBS 3.0 IV/ Once 46-48
17 PBS IV/ Once 49-51
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Table C-20: Basic pharmacokinetic parameters of RANKL008a after a single intravenous

bolus administration in the female cynomolgus monkey as described in Example 14.

3 mg/kg 0.3 mg/kg 0.03 mg/kg
parameter Mean SD Mean SD Mean SD
Vss pred (mL/kg) 65.8 4.3 74.2 12.8 85.3 7.9
CL _pred (mL/day/kg) 833 1.71 14.0 0.6 50.8 11.0
MRTinf pred (day) 8.07 1.37 5.29 0.68 1.72 0.31
t1/2 Azl (day)' 7.28 0.07 5.83 0.27 - -
Azl _lower (day) - - - - - -
Azl _upper (day) - - - - - -
R2 t1/2 Azl - - - - - -
t1/2 Az2 (day)’ 1.65 1.42 1.28 0.58 1.18 0.20
Az2 lower (day) - - - - - -
Az2_upper (day) - - - - - -
R2 1172 A2 - - - - - -
AUClast (mgeday/ml) 370 74 19.5 3.0 0.546 [ 0.186
%AUCextrap_pred 0.0510 1 0.0584 2.10 3.26 11.7 14.2
AUCinf pred (mgeday/ml) 370 74 20.0 34 0.609 | 0.140
AUCinf pred/D (kgeday/ml) | 0.124 | 0.025 0.0716 | 0.0034 | 0.0203 |[0.0047

'Half-life calculated on apparent beta phase
*Half4ife calculated on apparent gamma phase




WO 2008/142164

293

PCT/EP2008/056383

Table C-21: Basic pharmacokinetic parameters of RANKLOO1p after a single intravenous

bolus administration in the female cynomolgus monkey as described in Example 14.

3 mg/kg 0.3 mg/kg 0.03 mg/kg
parameter Mean SD Mean SD Mean SD
Vss_pred (mL/kg) 60.4 4.6 73.3 4.3 67.5 0.9
CL _pred (mL/day/kg) 8.69 0.82 15.0 1.5 413 4.5
MRTinf pred (day) 6.95 0.13 4.90 0.51 1.64 0.18
t1/2 Azl (day)’ 5.14 0.15 4.11 0.44 - -
Azl _lower (day) - - - - - -
Azl _upper (day) - - - - - -
R2 t1/2 Azl - - - - - -
t1/2 Az2 (day)’ 1.28 0.63 1.95 0.39 1.11 0.09
Az2 lower (day) - - - - - -
Az2_upper (day) - - - - - -
R2 1172 A2 - - - - - -
AUClast (mgeday/ml) 346 31 19.7 2.0 0.670 | 0.095
%AUCextrap_pred 0.0191 | 0.0072 1.65 1.18 3.95 1.97
AUCinf pred (mgeday/ml) 346 31 20.0 1.9 0.697 | 0.092
AUCinf pred/D (kgrday/ml) 0.115 0.010 | 0.0669 | 0.0065 [ 0.0244 | 0.0026

"Half4ife calculated on apparent beta phase

*Half4ife calculated on apparent gamma phase
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Table C-22: Basic pharmacokinetic parameters of RANKLO003p after a single intravenous

bolus administration in the female cynomolgus monkey as described in Example 14.

3 mg/kg 0.3 mg/kg 0.03 mg/kg
parameter Mean SD Mean SD Mean SD
Vss pred (mL/kg) 33.1 1.8 31.1 3.9 325 59
CL pred (mL/day/kg) 4.49 0.04 5.93 0.60 14.9 2.9
MRTinf pred (day) 7.38 0.34 5.25 0.50 2.21 0.37
t1/2 Azl (day)1 5.75 1.10 4.57 0.24 - -
Azl _lower (day) - - - - - -
Azl _upper (day) - - - - - -
R2t1/2 Azl - - - - - -
t1/2 Az2 (day)2 1.39 0.12 2.06 0.37 1.52 0.24
Az2 lower (day) - - - - - -
Az2_upper (day) - - - - - -
R2 1172 A2 - - - - - -
AUClast (mgeday/ml) 647 32 50.2 4.9 1.88 0.42
%AUCextrap pred 3.21 5.50 1.37 0.19 9.19 2.03
AUCinf pred (mgeday/ml) 669 5 50.9 4.9 2.06 0.42
AUCinf pred/D (kgeday/ml) 0.223 0.002 0.170 0.016 | 0.0688 | 0.0140

"Half4ife calculated on apparent beta phase

*Half4ife calculated on apparent gamma phase
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Table C-23: Basic pharmacokinetic parameters of Nanobodies after subcutaneous

administration in the female cynomolgus monkeys as described in Example 14.

PCT/EP2008/056383

RANKL008a RANKLO001p RANKL003p
parameter Mean SD Mean SD Mean SD
Vss/F (mL/kg)1 109 11 100 8 46.1 124
CL/F_pred (mL/day/kg) 7.93 0.70 11.7 02 6.66 0.65
MRTinf pred (day)' 13.8 2.4 8.56 0.78 7.08 2.66
t1/2 Azl (day)2 10.9 2.1 5.81 0.28 5.25 0.23
2zl lower (day) - - - - - -
Azl _upper (day) - - - - - -
R2 t1/2 Azl - - - - - -
t1/2 Az2 (day)3 2.07 0.99 1.86 0.28 1.03 0.37
Az2 _lower (day) - - - - - -
272 _upper (day) - - - - - -
R2 t1/2 Az2 - - - - - -
AUClast (mge*day/ml) 380 32 256 4 452 48
%AUCextrap_pred 0.005 0.002 0.104 0.074 0.382 | 0.562
AUCinf pred (mgeday/ml) 380 32 256 3 453 46.7
tmax (day) 2.00 0.00 2.00 0.00 3.00 2.65
Cmax (pg/ml) 21.8 1.7 24.6 0.5 46.2 11.0
AUCinf pred/D (kgeday/ml) 0.127 0.011 0.085 0.001 0.151 | 0016
F (%) 103%* 74.0%" 67.7%"

I'MRT calculated as AUMC/AUC and therefore not corrected for MAT. Vss/F=MRT eCL

? Half-ife calculated on apparent b phase
? Half-life calculated on apparent g phase

* Estimation of F on the 3 mg/kg dose level ignoring immunogenity and non-linearity in CL.
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Table 24: Pharmacodynamic parameters (+ SE) of RANKO008a, RANKLOOlp and
RANKLOO03p in the female cynomolgus monkey as described in Example 14.

Parameter RANKIL008a RANKL001p RANKLO003p
K, (nM/day) 938 = 194 1201 + 235 2835 +2758!
Ko (1/day) 8.99 £ 1.79 11.7+2.1 25.9+19.8"

Tmax 0.878 + 0.024 0.882 +0.017 0.892 + 0.038
ICso (pg/mL) 0.049 + 0.008 0.114 £ 0.025 0.518 £ 0.125
n 1.38+0.29 123 +0.21 0.817 +0.182

" Values could not be estimated with sufficient precision
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

A multivalent polypeptide, compound or construct comprising or essentially
consisting of at least two amino acid sequences that are directed against and/or
that can specifically bind to RANK-L, wherein the at least two amino acid
sequences essentially consist of a domain antibody (or an amino acid sequence
that is suitable for use as a domain antibody), of a single domain antibody (or an
amino acid sequence that is suitable for use as a single domain antibody), of a
"dAb" (or an amino acid sequence that is suitable for use as a dAb) or of a

Nanobody (including but not limited to a Vuy sequence).

The multivalent polypeptide, compound or construct according to claim 1, wherein
the at least two amino acid sequences modulate, inhibit and/or prevent binding of
RANKL-L to RANK.

The multivalent polypeptide, compound or construct according to claim 1 or claim
2, wherein the at least two amino acid sequences prevent and/or inhibit the

differentiation and/or proliferation of osteociasts.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 3, which is a bivalent polypeptide, compound or construct or a trivalent

polypeptide, compound or construct.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 4, wherein the at least two amino acid sequences are a Vuy sequence,
a partially humanized Vyy sequence, a fully humanized Vyy sequence, a
camelized heavy chain variable domain and/or a Nanobody that has been

obtained by techniques such as affinity maturation.

The multivalent polypeptide, compound or construct according to any one of

claims 1 to 5, wherein the at least two amino acid sequences essentially consist

of a Nanobody that

(a) has at least 80% amino acid identity with at least one of the amino acid
sequences of SEQ ID NO’s: 1 to 22, 560-621, 622-729, 730-757, 759-762,
765 and 766-773, in which for the purposes of determining the degree of
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amino acid identity, the amino acid residues that form the CDR sequences
are disregarded,

and in which:

(b) preferably 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 Hallmark residues mentioned in Table A-3.

The multivalent polypeptide, compound or construct according to any one of

claims 1 to 6, wherein the at least two amino acid sequences comprise one or

more stretches of amino acid residues (and/or CDR sequences) chosen from the

group consisting of:

. the amino acid sequences of SEQ ID NO's: 188-249;

. amino acid sequences that have at least 80% amino acid identity with at
least one of the amino acid sequences of SEQ ID NO’s: 188-249;

. 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: 188-249;

o the amino acid sequences of SEQ ID NO's: 312-373 and 758;

. amino acid sequences that have at least 80% amino acid identity with at
least one of the amino acid sequences of SEQ ID NO's: 312-373 and 758;

° 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: 312-373 and 758;

. the amino acid sequences of SEQ ID NO's: 436-497;

. amino acid sequences that have at least 80% amino acid identity with at
least one of the amino acid sequences of SEQ ID NO's: 436-497;

° 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: 436-497;

or any suitable combination thereof.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 7 comprising at least two amino acid sequences in which the CDR
sequences of said amino acid sequences and/or Nanobodies have at least 70%
amino acid identity, preferably at least 80% amino acid identity, more preferably at
least 90% 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: 560-621.
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The multivalent polypeptide, compound or construct according to any one of
claims 1 to 8 comprising at least two amino acid sequences and/or Nanobodies
that cross-block the binding to RANKL of at least one of the amino acid sequence
of SEQ ID NO's: 560-621 and SEQ ID NO's: 730-757 and 765 and/or that are
cross-blocked from binding to RANK-L by at least one of the amino acid sequence
of SEQ ID NO’s: 560-621 and SEQ ID NO’s: 730-757 and 765 as determined in a
Biacore assay and/or in an ELISA assay.

The muitivalent polypeptide, compound or construct according to any one of
claims 1 to 9 comprising at least two Nanobodies that are chosen from the group
consisting of SEQ ID NO's: 560-621 or from the group consisting of amino acid
sequences that have more than 80%, preferably more than 90%, more preferably
more than 95%, such as 99% or more sequence identity (as defined herein) with

at least one of the amino acid sequences of SEQ ID NO's: 560-621.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 10 comprising at least two Nanobodies that are humanized
Nanobodies chosen from the group consisting of SEQ ID NO'’s: 730-757 and 765
or from the group consisting of amino acid sequences that have more than 80%,
preferably more than 90%, more preferably more than 95%, such as 99% or more
sequence identity (as defined herein) with at least one of the amino acid
sequences of SEQ ID NO's: 730-757 and 765.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 11, comprising or essentially consisting of an amino acid sequence
chosen from SEQ ID NO's: 622-729, 759-762 and 766-773.

The multivalent polypeptide, compound or construct according to any one of

claims 1 to 12, which is a multispecific construct.

Multivalent polypeptide, compound or construct according to any one of claims 1
to 13, which has an increased half-life, compared to the corresponding multivalent
polypeptide, compound or construct according to any one of claims 1 to 13, per
se.
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The muitivalent polypeptide, compound or construct according to any one of
claims 1 to 14, in which one or more other groups, residues, moieties or binding
units provide the polypeptide with increased half-life, compared to the
corresponding multivalent polypeptide, compound or construct according to any

one of claims 1 to 13, per se.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 15, in which said one or more other groups, residues, moieties or
binding units that provide the multivalent polypeptide, compound or construct with
increased half-life are chosen from the group consisting of serum proteins or
fragments thereof, binding units that can bind to serum proteins, an Fc portion,

and small proteins or peptides that can bind to serum proteins.

The muitivalent polypeptide, compound or construct according to any one of
claims 1 to 15, in which said one or more other groups, residues, moieties or
binding units that provide the multivalent polypeptide, compound or construct with
increased half-life are chosen from the group consisting of human serum albumin

or fragments thereof.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 15, in which said one or more other binding units that provides the
multivalent polypeptide, compound or construct with increased half-life are chosen
from the group consisting of binding units that can bind to serum albumin (such as

human serum albumin) or a serum immunoglobulin (such as IgG).

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 5 in which said one or more other binding units that provides the
muitivalent polypeptide, compound or construct with increased half-life 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 Nanobodies that can bind to
serum albumin (such as human serum albumin) or a serum immunoglobulin (such

as IgG).
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20. The multivalent polypeptide, compound or construct according to any one of

21.

22.

23.

24.

25.

claims 1 to 15, in which said one or more other binding units that provides the
multivalent polypeptide, compound or construct with increased half-life is chosen
from SEQ ID NO’s: 790-791.

The multivalent polypeptide, compound or construct according to any one of

claims 1 to 20, that has a serum half-life:

o that is at least 1.5 times, preferably at least 2 times, such as at least 5
times, for example at least 10 times or more than 20 times, greater than the
half-life of the corresponding multivalent polypeptide, compound or
construct per se, respectively; and/or

. 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 multivalent
polypeptide, compound or construct per se, respectively.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 21, that has 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, 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 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).

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 22, comprising or essentially consisting of an amino acid sequence
chosen from SEQ ID NO’s: 694-729 and 759-760.

The multivalent polypeptide, compound or construct according to any one of
claims 1 to 23 that consists of SEQ ID NO: 759.

A nucleic acid or nucleotide sequence that encodes a multivalent polypeptide,

compound or construct according to any one of claims 1 to 24.
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The nucleic acid or nucleotide sequence according to claim 25 that is in the form
of a genetic construct.

A host or host cell that expresses, or that under suitable circumstances is capable
of expressing, a multivalent polypeptide, compound or construct according to any
one of claims 1 to 24; and/or that comprises a nucleic acid or nucleotide

sequence according to claim 25, or claim 26.

A composition, comprising at least one multivalent polypeptide, compound or
construct according to any one of claims 1 to 24, or nucleic acid or nucleotide

sequence according to claim 25 or claim 26.

The composition according to claim 28, which is a pharmaceutical composition.

The composition according to claim 29, which is a pharmaceutical composition,
that further comprises at least one pharmaceutically acceptable carrier, diluent or
excipient and/or adjuvant, and that optionally comprises one or more further

pharmaceutically active polypeptides and/or compounds.

A method for producing a muitivalent polypeptide, compound or construct
according to any one of claims 1 to 24, that is such that it can be obtained by
expression of a nucleic acid or nucleotide sequence encoding the same, said
method at least comprising the steps of:

o expressing, in a suitable host cell or host organism or in another suitable
expression system, a nucleic acid or nucleotide sequence according to
claim 25, or a genetic construct according to claim 26; or

o cultivating and/or maintaining a host or host cell according to claim 27 under
conditions that are such that said host or host cell expresses and/or
produces at least one multivalent polypeptide, compound or construct
according to any of claims 1 to 24, that is such that it can be obtained by

expression of a nucleic acid or nucleotide sequence encoding the same;

optionally followed by:

. isolating and/or purifying the multivalent polypeptide, compound or construct
according to any of claims 1 to 24, that is such that it can be obtained by
expression of a nucleic acid or nucleotide sequence encoding the same,
thus obtained.
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A method for the prevention and/or treatment of at least one bone disease or
disorder, said method comprising administering, to a subject in need thereof, a
pharmaceutically active amount of at least one multivalent polypeptide, compound
or construct according to any one of claims 1 to 24, or composition according to
claim 29 or claim 30.

A method for the prevention and/or treatment of at least one disease or disorder
that is associated with RANK-L, with its biological or pharmacological activity,
and/or with the biological pathways or signalling in which RANK-L is involved, said
method comprising administering, to a subject in need thereof, a pharmaceutically
active amount of at least one multivalent polypeptide, compound or construct
according to any one of claims 1 to 24, or composition according to claim 29 or
claim 30.

A method for the prevention and/or treatment of at least one disease or disorder
that can be prevented and/or treated by administering, to a subject in need
thereof, a multivalent polypeptide, compound or construct according to any one of
claims 1 to 24, said method comprising administering, to a subject in need
thereof, a pharmaceutically active amount of at least one multivalent polypeptide,
compound or construct according to any one of claims 1 to 24, or composition
according to claim 29 or claim 30.

A method for immunotherapy, said method comprising administering, to a subject
in need thereof, a pharmaceutically active amount of at least one multivalent
polypeptide, compound or construct according to any one of claims 1 to 24, or

composition according to claim 29 or 30.

Use of a pharmaceutically active amount of at least one multivalent polypeptide,

compound or construct according to any one of claims 1 to 24 for the preparation
of a medicament for prevention and/or treatment of at least one bone disease or
disorder.

Use of a pharmaceutically active amount of at least one multivalent polypeptide,
compound or construct according to any one of claims 1 to 24 for the preparation

of a medicament for the prevention and/or treatment of at least one disease or
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disorder that is associated with RANK-L, with its biological or pharmacological
activity, and/or with the biological pathways or signalling in which RANK-L is
involved.

Use of a multivalent polypeptide, compound or construct according to any one of
claims 1 to 24 for the preparation of a medicament for the prevention and/or
treatment of at least one disease or disorder that can be prevented and/or treated
by administering, to a subject in need thereof, a multivalent polypeptide,

compound or construct according to any one of claims 1 to 24.

Use of a pharmaceutically active amount of at least one multivalent polypeptide,
compound or construct according to any one of claims 1 to 24 for the preparation
of a medicament for immunotherapy.

A multivalent polypeptide, compound or construct according to claim 1; a nucleic
acid or nucleotide sequence according to claim 25; a host or host cell according to
claim 27; a composition according to claim 28; a method according to any one of
claims 31 to 35; or use according to any one of claims 36 to 39, substantially as
herein described with reference to any one or more of the examples but excluding
comparative examples.
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